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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

OO011ue moJI0KEeHu s

1. Hactosee Ilpunoxenue 2 (Tom 3) Bepu(pUKalMOHHOIO OTYETa COACPKHUT MPUMEPHI,
OTpa)karolllMe HEKOTOpBIE HOBbIE BO3MOXHOCTU IporpaMMHoro komruiekca ACTPA-ADC, pea-
JM30BaHHbIE “IIO 3alpocaM MpaKTUKK~ 3a mociaeanue 15 jaer:

1) yTouHEeHHOE MOJEIMPOBAHHE JIEMEHTOB M BHOBb BBEJEHHBIE 3JEMEHTHI TpyOompo-
BOAHOM cuctembl (18 — 24);

2) pacdeT BBICOKOTEMIEpATypHbIX TPyOONpPOBOAOB Ha CTAaTMYECKYIO U IMKINYECKYIO
IPOYHOCTH (25);

3) pacuer Ha ceificMHYecKHe BO3JCHCTBUS C yUETOM BBICHIMX COOCTBEHHBIX (popM Koule-
Oanuii (yuet “notepsHHON Macchl” — 26);

4) yTOYHEHHbIE PAacyeThl TEMIIEPATypPHOrO0 M HANPSKEHHO-€(OPMHUPOBAHHOIO COCTOS-
HUH, OIEHKH MPOYHOCTH JEeTajeil TpyOOompoBoaa MO MPOCTPAHCTBEHHO-000IOYEYHBIM M TPEeX-
MepHbIM cxeMaM MKD (27 — 31);

5) dopmupoBaHHEe U ydeT peaylMPOBAHHBIX MATPHI] (3KECTKOCTH, MaccC, Harpy30K) s
JUHAMHYECKOT0 CUHTE3a MOAKOHCTPpYyKIuii (32 — 33);

6) 3amaun OOJIBIION BBIYMCIUTENBHON pa3MepHOCTU ¢ “nioayiiHkamMu’ (34 — ¢ coOCTBEH-
HBIMH YacToTamM#/(opMaMu OOJIBIION KPATHOCTH).

2. “ITorpemHocTn” (pacxokJeHUs) NOITy4deHHBIX pe3ynbTaToB o ACTPA-ADC ¢ “sta-
JIOHHBIMM™® PEIICHUSMHU onpeensarcs Kak (6,%)
60=|(A-B)/B]|-100,
rae A — pacuetHslii ACTPA-napamerp, B — BennunHa “3TanoHHOr0” pemeHus.
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Martpuusbl Bepuduxanumn

ITK ACTPA-ADC’2009. Marpuua Bepupuxkanun Nel, yacts 2

Coueranue

Tun npo-

HaumeHnoBanue OunennBaemble MaxkcumanbHoe
Ne HArpy- BePKH pe- JJIeMeHTBI o
TecTa M . napaMeTphbl pacxo:knenne, %
30K/BO3JeiiCTBHIl | 3yJbLTATOB
MopgenupoBanue TOH-
KOCTEHHOI'O  TpOIHHU- Tpolinuk, mps-
koBoro coexuHeHus ¢ | CocpemoToyeHHbIE Mas Tpyoa,
4eTOM 000JI0YEeTHON CTaTUYECKHE Ha- JKECTKUH 31e-
18 Y (1), (6) [epememenus 3.68
nogarmuBoctu.  Co- | Tpy3ku (TOpLEBbIC MEHT-BCTaBKa,
MOCTaBJICHHE C aHAJIU- MOMEHTBHI) MepTBast oropa
TUYECKUMH (popMmyta- (3azmenka)
MH
Komnencarop
JTUH30BBIN/
MopnenupoBanue auH- | CocpemoTodeHHas N
CHIIb(OHHBIH,
19 || 30BBIX/cHnb()OHHBIX cTaTuveckas Ha- 6) DsiMas ThyGa [epemerenus 0.00
KOMIIEHCATOPOB rpy3ka p pyoa,
MepTBasi ornopa
(3anenka)
Ilepexon, nps-
MopnenupoBanue Ko Cocpenorouenas Mas Tpyoa
20 P CTaTU4ecKas Ha- ©6) pyoa, [epememenus 0.00
HUYECKHX MePEX0I0B rDY3Ka MeEpTBast oropa
py (3anenka)
[psimas TpyOa,
MonenupoBanue JIOHBIILIKO
Buyrpennee nas-
21 | muunn  (xpelex, mo- eHHC 1 (muuiue, Kpol- | BayTpennue ycunus 0.00
HBIILIEK) Ka), MepTBas
oropa
MonenupoBanue — ap-
MaTypsl C  y4eToM Ipsimas TpyGa, | OTOpHBIC peaKimy 0.00
MITOKA MPUBOJA). apMmarypa
22 (np ) BecoBas Harpyska (1), (6) pMaTypa,
CormnocTaBieHne c MepTBast o1opa
AQHAIIUTUYECKUM  pe- (3agenxa) CoBCTBEHHbIE Yac-
0.00
[ICHACM. TOTBI ¥ (HOPMBI
[psimas TpyOa,
0TBOA (ru0, [Tepemerenus 0.00
BuyTpennee nas- KOJIEHO), OTIopa
MopgenupoBanue OfI- | JIEHHE, TEMIIEpaTy- TPEHHs OTHO-
HOCTOPOHHHUX OIIOp C | pa, pacTpenerneH- CTOPOHHSS,
23 | TpeHueM, KECTKHX Hasl BECOBas Ha- ©6) JKECTKas MoJ- Hamnpsoxkenus 0.00
MOJIBECOK U aMOpTH3a- Tpy3Ka, pacuer BECKa, aMOPTH-
TOPOB COOCTBEHHBIX Yac- 3aTop, ornopa
TOT ¥ opM o01ero Buaa
$op o A8, CoOcTBeHHBIE Yac-
MepTBasl onopa 0.00
TOTBI U POPMBI
(3anenka)
BuyTpennee nas- [psimas TpyOa.
Pacuernas mposepka J'IEHZIGPCOC ezﬁ)To MGI:) TBas oI:Iyo z;
24 | repMETHYHOCTH (IIaH- » cocp (N P P VYcnoBHoOe naBieHue 0.00
o YEHHasl CTaTU4e- (3anenxa), ¢a-
LEBBIX COEAUHEHUI
CKasl Cria Hell
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Coueranue Tun npo-
HaumenoBanue OuennBaemble MaxkcumaibHoe
Ne HArpy- BEPKH pe- JJIeMeHTBbI o
TecTa M . napaMeTpbl pacxo:kaeHue, %
30K/BO3/IeliCTBHIl | 3yJIbTaTOB
Temnepatypa,
BHYTpCHHEE J1aB-
Pacuer H/IC u ouenka | JneHue, pacupene- Mpsivas Tov6a Peaknuu B onopax 3.35
MPOYHOCTH  BBICOKO- | JICHHAs cTaTHye- (1), 2 g RO (rI:/1y6 ’
TEMIIEpaTyPHBIX TPY- CKast Harpys3ka y ’
25 patyp Py Tpy3Ka PAMIIA), KOJICHO), MEPT-
6onposoxoB. Coroc- (cobcTBeHHBIH 3) Bas oropa (3a
TaBJICHHWE C AHAJIUTH- | BeC), COOCTBCHHBIC emlza)
YECKUM PEIICHUEM JIMHEWHEIE CMEILE- A HMzrubaronuii Mmo- 0.84
HHS KOHIIOB TPy- MEHT
6omnpoBoia
Pacuer TtpyOompoBoa-
HOW — CHCTCMBL  Ha Co0OcTBeHHBIE Jac-
ceifcMuueckoe  BO3- 4.49
o o N npsMas Tpyoa, TOTBI
JIEHCTBHE I10 JIUHEWHO- Ceiicmuyeckoe (2 - AN- o807 (T76
26 | crexTpaJbHON Teopuu BO3/I€HCTBUE SYS), (3) KOIEHO) ono’ a
C y4eTOM  BBICHIMX (cmiexTp oTBeTa) 06mer(; BHHI;
CcOOCTBEHHBIX  (hopm
KOJIeOaH it (yuera Peaxiu B onopax 5.76 (31.45)
«TOTEPSHHON MAacChI»)
TpexmepHblil  pacueT O6néHb 20
TEeMIICPATypPHOTO IOJIA y3JIOBOI71 Lec- TeMnepaTypa 0.01
U TEpMOHANPSKEHHO- Temnepatypa, (2- AN Turpanmsii KD
27 | TO COCTOSHHS OPTOTO- KOHBEKTHBHBIN SYS) Hsofla AMCTDIH
HaJIBHOTO T- TEMI000MeH qecxr:)ro cg
00pa3sHOro TPOHHUKO- .
P P MEHUCTBA Hanpsoxenus 1.82
BOI'O COEJAMHEHUS p. .
YTOYHEHHBI pacdeT O06om0yeyHbII
OPTOTOHATBHOTO 8-Mu y3710BEIE
CBAapHOIO TPOUHHKO- Bryrpennee xas- CIIKD; 16, 20- Koopuumerrro:
28 JIEHUE, U3rubdaro- “4),(3) C HHTeHCH(UKALUH 5.00
BOTO COEAMHEHHs Ha TH y3JI0BBIE o
1€ MOMEHTHI HanpsHKEHUN
CTaTHYECKHEe Harpy3KH 00bEMHBIE
(ACTPA-CTAANO) UIIKD
VYTo4yHEHHBIH pacuer
KPUBOJIMHEHHOH Tpy-
OBl C IIPUMBIKAIOLIMMH Msribaonme Mo O00s10ueUHbIH Koadpdunuents
29 | mpsAMBIMH y4acTKaMu MeHIfH M, 3) 8-MH y3110BOi1 HHTEHCH(UKALUH 12.73
(ruba) Ha craTHYECKUe CIIKD HanpspKCHUN
Harpysku  (ACTPA-
CTAIHNO)
VYTo4yHeHHBIH pacuer
KOHHYECKOro Iepexo- | BHyTpeHHee nas- @ O060m109eTHbIH
30 | na Ha craruyeckue JICHUE, N3rubaro- ANSYS) 8-MU y3I110BBIE Hanpsoxenus 11.00
Harpy3ku  (ACTPA- U MOMEHT CIIKD
CTAINO)
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Coueranue Tun npo-
HaumenoBanue OuennBaemble MaxkcumaibHoe
Ne HArpy- BEPKH pe- JJIeMeHTBbI o
TecTa M . napaMeTpbl pacxo:kaeHue, %
30K/BO3/IeliCTBHIl | 3yJIbTaTOB
YTOuHEHHBI  pacyer
JMH30BOTO KOMIIeHCa- | BHyTpeHHee naB- @- O060s10ueUHBIN
31 | Topa Ha crarudeckue | JeHHE, U3TUOAIO- 8-MU y3710BBIE Hanpsoxenus 3.62
o ANSYS)
Harpy3ku  (ACTPA- LIMH MOMEHT CIIKD
CTAINO)
[psimast TpyOa,
CTepXKeHb He-
KOJIBLIEBOTO
CEUYCHUs, OTBOJ
CymnepaneMeHTHBII (rub, xoneHo),
JIMHAMHUUYECKUIN pacyeT TPONHHUK, ap-
TpyOONIPOBOTHOM CHC- Pacuer MaTypa, mpy-
TEMBI. Anroputm JKHHHAS MO~ CoOcTBeHHbIE Yac-
32 o COOCTBEHHBIX (6) 0.00
Kpeiira-bemnrona BECKa, O/THO- TOTHI B (OPMBI
4acToT 1 Gopm
(dpopmupoBanue u CTOPOHHSIS
y4eT  pexyLHpoBaH- oropa TpeHwus,
HBIX MaTpHIL) MepTBasi ornopa
(3agenka), mar-
pU4HBIH cynep-
anemeHT Kpeii-
ra-bemnrona
[psimast TpyOa,
IIpumenenue maTpuu- otBoJ (TH0,
HBIX CYIEpIJIEMEHTOB Temmnepatypa, KOJICHO), MEepT-
33 | A7 MOACIMPOBAHMSA | COCPENOTOYCHHAs ©6) Bas onopa, TTepewmererus 12.64
jeraineil TpyOonposo- cTaTudeckas Ha- MaTpUYHBII
JIOB (Ha IpUMepe Kpu- rpysKa CYTEp3IEMEHT
BOJIMHEHHBIX TPYO) Kpeiira-
bemnrona
[psimas TpyOa,
CTepXKeHb He-
KOJIBLIEBOTO
CEUCHUs, OTBOJL
(ruo, xosneHo),
TPOMHUK, OTO-
Tectel Ha pa3mep- Pacuer cobersen- pI; TpeHI/;ﬂ ox- CoOcTBeHHBIE Yac-
34 HBI€ 4acTOT U 4) 0.00
HOCTB 3aJaufl bopm HOCTOPOHHSIA, TOTHI B ()OPMBI
0TI0pa TPEHUS
JIBYCTOPOHHSI,
MepTBast oIopa,
apmarypa,
NPy>KUHHAs
MOJBECKa

IIpumeuanue:
(1) — cpaBHEeHHE C aHATUTHYECKUM PEIIeHHEM (B T.4., C HOpPMAaTHBHBEIMH (HOPMYIIaMH);

(2) — cpaBHEHUE C aNbTEPHATUBHBIME aTTecToBaHHBIMU [1C;
(3) — maHHBIE U3 TUTEPATYPHBIX HCTOYHUKOB;
(4) — skcTIepuMeHT;
(5) — aHanM3MUpyeTCsi CXOAUMOCTD PEIICHHs B 3aBUCUMOCTH OT Ka4ecTBa (10 JpOOHOCTH) PaCUETHOW MOJEIH;

(6) — aHanM3UPyETCs] HHBAPUAHTHOCTD PEIIEHUS TI0 OTHOIICHUIO K KOHKYPUPYIOIUM BapUaHTaM MOJIEITUPOBAHHUSI.
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IIK ACTPA-ADC’2009. Marpuua Bepupuxanun Ne2, yactb 2

DJIeMeHThI TPYOONPOBOIHOM CHCTEMBI

Duaement TC

Homepa BepupuKanMOHHBIX IPUMe-

poB
Mpsivast TpyGa ;3, 19, 20, 21, 22, 23, 24, 25, 26, 32, 33,
OtBOJ (THO, KOJIEHO) 23, 25, 26, 32, 33, 34
TpoliHHUK 18, 32, 34
Kommnencarop (JIMH30BBINH/CHITB(MOHHBIN) 19
[Tepexon 20
dianen 24
JIOHBINIKO (JIHUIIIE, KPBIIIIKA) 21
Apmartypa 22,32,34
Ornopa TpeHus OAHOCTOPOHHSIS 23, 32, 34
34

Onopa TpeHus ABYCTOPOHHSIS

Omnopa TpeHus: HarpasJIsoniast

Henoasuxuas onopa (mmapHup)

Ornopa MepTBasi (3a7e1Ka)

18, 19, 20, 21, 22, 23, 24, 25, 32, 33, 34

[IpyxuHHAas oBECKA 32,34
JXKectkas nosiBecka 23
Omnopa obmuiero BUa 23,26
AMopTH3aTOp 23
CrepykHeBOi 06mero Buia (HekombieBoro ceuenus) | 32, 34
JKecTkuii a1eMeHT (BCTaBKa) 18
Matpuunslii cynepaneMmeHT (Kpeiira-bemntona) 32,33

KoHneunble 3jieMeHThI Moen aeTtasei TpyoonpoBoaoB (ACTPA-CTA/INO)

K9

Homepa BepupuKanMOHHBIX NIPUMEPOB

O6on0ueyussblii 8-mu y3noBoi CITIKD

28, 29, 30, 31

TpexmepHslii 16-tu ysnosoit MTIKD

28

Tpexmepnsbiit 20-tu y3nosoit UTTKD

27,28
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IHK ACTPA-AJC’2009. Matpuna Bepupuxkannu Ne3, yactsb 2 (3;1ement TC/ B pacuera / HOMep npumepa)
1 1 ] So
. S ® = S 2 =~ M M
. S s 3 S, 3 ) 3 S ) 'y ™ x k
g 5 s IR 2 (e (g (s |21 5ls |32 |2 [ [F
N S s | S N B $ S N S 3 N S| S S S R
X 2 X S 2 X 2| 233 3T Sl x5 S S S S Iy g |2 8|C S S
SISl El S 3| 2| §SEss|sg|asss|os 5 2 8|S 2 [5a3l5gss
R S B = N S S QN\)®2§I Sl = S R g < X §§3§QMQ°§
S I I R R I B 0 O T -0 ] I T I - B I Y e
SR R SlE%|c5[FTs88 s 5| 8 | £8 | §|85[8 78
Sl < s (58 s (R & |81 sl El=18|&|fF |E [E7]3
x (& |§ |8 (3 sl x| S I T A I -
< S S < S O S &~ &~
Craruka u nukjauka | 18, | 25, | 18 19 20 24 22 21 23 18, 23 23 18 33
(ACTPA-CTALL) 19, |23, 19,
20, | 33 20,
21, 21,
22, 22,
23, 23,
24, 24,
25, 25,
33 33
fo"flfl“:le“q‘:;";““zg: 23, |23, |32, 32, 32, | 34 23, | 32, 23, |23 |32, 32
| Pop 26, |26, |34 34 34 32, | 34 26 34
nedaHumit 3 32 34
_ ’ ’
(ACTPA-®OPM) 34 34
CeiicMuka _ 26 26
(ACTPA-CEVICM)
Bubopanun
(ACTPA-BUBP)
JAuHamuyeckue BO3-
neiicteust  (ACTPA-
JAAH)
YTouHeHHBIIT  pac-
yeT nerajieii Tpyoo- ;g’ 28 |27,
nposoo (ACTPA- 30 28
CTAJIUO) 31
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IIpumep 18. MoaesupoBaHue TOHKOCTEHHOI0 TPOMHMKOBOIO COCIMHEHHS C yue-
TOM 000/109e4HO MoAATIAMBOCTH. ConocTaB/ieHHEe ¢ AaHAJUTHYCCKHUMH (opMyJIaMHu

1. PyxoBomsmmii TexHuuyeckuii marepuan PTM 38.001-94.
VYkazaHus Mo pacueTy Ha MPOYHOCTh U BUOPAIUIO TEXHOJIOTH-
YEeCKHX CTaJbHBIX TPyOOmpoBoaoB. M., 1994 r.

2. Xaxunckui ['."M., Bomne I'.A. IIpoBectu uccienoBaHusi u
HUcTounuk(n) pa3paborats PTM 1o pacueTy Ha MpOYHOCTH TPYOOIPOBOIOB
TEXHUYECKUX OJI0KOB. OT4ET O Hay4yHO-HCCIIEeI0BaTENbCKON
pabore, BHUNMomnTaxcneuncrtpoit, M., 1989 r.

3. ASME Boiler & Pressure Vessel Code. Section III. NB-
3630, 1980.

Craruueckuii pacuer HJIC, hopMupoBaHre MaTpUIHBIX CyTIep-
HJIEMEHTOB

Tun(sl) Bepudunupye- | Tpoiinux, npsamas mpyoba, jxHecmras 6CmasKd, Mepmeds onopa
MBIX 3JIEMEHTOB (3a0enka)

Bxoaunoii ¢aiia TEST18.dat

Tun 3agaun

18.1 IlocTanoBKA 3a1a4H
Paccmampueaemcs opTOroHanbHbIA TOHKOCTEHHBIA HEPABHOMPOXOAHBIN TPOMHUK.

Tpebyemcs ompenenuTh YTIOBbIe NepemerneHuss B Touke B (puc. 18.1) Ha mrynepe
TPOIHMKA C YUETOM €ro 000J0YeUHON NOJATIMBOCTH JUIsl CIEAYIOIUX HAarpy30K Ha IITyILep:

— M3ruOAONINIl MOMEHT B IJIOCKOCTH TPOMHHUKA;

— U3rM0AIOIUH MOMEHT U3 TJIOCKOCTH TPONHUKA,

— KPYTALIUI MOMEHT.

[IpoBecTn cpaBHEHHE ¢ pe3yIbTaTaMH PYYHOTO pacdera 1Mo popMyiiaM, IPUBEACHHBIM B
HOPMaTUBHOM JOKyMeHTe [1]. /IONONHUTENBHO COMOCTAaBUTh CTEPIKHEBYIO MOJIEb TPOIMHUKOBO-
0 COEIMHEHUS C MOJEINbI0, BKJIIOYAIONIEH MaTpUYHBIA CYNEpAJIEMEHT, c(pOpMHpPOBaHHBIH B
ACTPA-ADC’2009 (moxyns ACTPA-CTAIMO) no mpocTpaHCTBeHHO-000M0ueuHO KO-
MOJEIU TPOMHUKA.

> 8

Puc. 18.1 Touku (ceueHus1), B KOTOPBIX ONPEAEIAIOTCS YTIOBbIE IEPEMEIICHUS
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18.2 Ucxoaubie JaHHBIC

FEOMempull€CKu€ xapakmepucmuKku

>
>
>
>

HapyXHbIH AuaMeTp Maructpainu D = 325 mm;
TOJIIIMHA CTEHKU MarucTpaiu ¢ = 7 MM;
HapyXHbIH AuameTp mrynepa d = 219 mm;
TOJIIIMHA CTEHKH IUTYLEpa fp = 4 MM.

Duszuxo-mexarnuveckue xapakmepucmuku

>

>
>

Moy ynpyroct E = 2:10° MITa;
koapdumment [lyaccona v=0.3;
MOJTyJIb CJIBUTA:
5
G= E__ 2:10 =7.69-10* MIla.

2(1+v) 2(1+0.3)

I'panuunsvie ycnosus (onopwt)

>

KECTKOC 3allIECMJICHUEC IO KOHI[aM MarucCTpalin.

Ilapamempur nacpysxu

>
>
>

U3rudaoIMii MOMEHT Ha IITyLEepe B IIocKocTu coenqunenus M, =1 xkH-m;
n3rubaommii MOMEHT Ha IITyLepe U3 IIockocTu coequnenust M, =1 kH-m;

KpyTsAIMKA MOMEHT Ha mrtyuepe M, =1 kH-m.

18.3 PacueTHas Moaeiib

ITocTpoeHbl 1 paccMOTPEHBI ABE MOJIENIA TPOMHUKOBOTO COCIMHEHUS:

CymnepaJieMEHTHAsI CTePKHEBAsE MOJIEb C YU4eTOM “(hopMyJIbHON 0007104eIHOM
NOJATIUBOCTU TpoiiHuka. [IpeacraBnena Ha puc. 18.2, BkirouaeT B ceds TpH
ydacTka (cynepasneMenTa). Harpyska 3agaeTcst Kak cOCpeJOTOYEHHbBIII MOMEHT,
MPUIIOKEHHBIH K KOHCOJIBHOMY KOHILy OTpe3Ka MpsIMOM TpyObl, OTXOAAIEH OT
HmITyLepa TpOMHMKA. YTJIOBbIE MEpEMEIIeHUs OIpelnessitoTcs B Touke B (puc.
18.1);

MO/JI€JIb, BKJIKOYAOIasl MaTPUUHBIA cynepaneMeHT, noctpoeHHsblil B [IK ACTPA-
ADC’2009 (momyns ACTPA-CTAJIMO) mo mpocTpaHCTBEHHO-000JI0YCHHON
K3-monenu (puc. 18.3, 18.4). [Insg BxiroueHuss 000JI0U€YHOM MOJAETH B CTEPK-
HEBYIO Ha TOpPLIAX TPOMHMKA BBOJSATCS BCIOMOIAaTEJIbHbIE CTEPIKHEBBIE IEMEH-
Thl. YTJIOBBIE IIEpEMELLICHHS ONpeaeisatoTcs B Touke A (puc. 18.1).

3ametuM, uto B [IK ACTPA-A2C 2009 npenycMOTpEHO J1Ba BapUaHTa MOJAEIUPOBAHUS
TPOWHUKOBOTO coequHeHus (puc. 18.5):

“TpaJIMLIMOHHBINA" BapUaHT: IUTYLEP Ha BCEM MPOTSHKEHUH (OT TOUKHU Iepeceye-
HUS OCEel MarucTpajau U IITylepa) pacCMaTpHUBAETCs KaK OJHOPOAHAs IMpsiMast
Tpy0a;

UCIOJIB3YETCS ‘“9KECTKUM 3JIEMEHT”, ISl UCKIIIOUEHUS U3 yIpyroil paboTsl paau-
QJIBHOTO OTPE3Ka OT TPOMHUKOBOI'O y3J1a 10 TOBEPXHOCTH MarucTpaH.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 10




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

Ocesoe npeocmasnenue

MPEMPOUECC

4550

4550

ACTRAADE

Obvemnoe (meepoomenvHoe) npedcmasieHue

MPEMPOUECC

ACTRAADE

Puc. 18.2 Pacuetnas «crepxueBas» ACTPA-monens

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009
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Puc. 18.3 Marpuunslii cyniepasieMeHT (TPOHHUK) B COCTaBE CTEPYKHEBOUM MOeNn

Puc. 18.4 O6onoueunas K3-moznens tpoitauka (ACTPA-CTAIMO).
dopMHUPOBAHUE MATPUYHOTO CYIIECPIIEMEHTA

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009
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18.4 Pe3yabTaTthl

18.4.1 “Pyunoi’” pacuem

Pacuet npoBogum no ¢popMysiaM, IpUBEIEHHBIM B HOPMAaTUBHBIX JOKyMeHTax [1,3].
Fo d-t, _219-4

- 0.3850;

Dt 3257
MOMEHT MHEPIMH MTYLEPa IPU U3THOE:

T 4 4 3.1416 4 4 5 4
1,,=a[d ~(d-21,)]= - [0.219% ~(0.219-2-0.004)' |=1.562-10~° w";

MOMEHT MHEpPLUH IITyLEepa IpU KPyUECHUH:

I, = %[d“ —(d—2t,,)“]= 3'2‘;16 [0.2194 —(0.219—2-0.004)“]: 3.123-107° m".

YrnoBoe nepememnienue B Touke B (cm. puc. 1.1) mpu u3rude B miI0CKOCTH:

3
0, ={0.2F0’5 B}M:[O.ZOSSSOO’S 0'325} 1 1110 0.219 — =0.000403904
t | EI, 0.007]2-10"-1.562-10

pY U3rude U3 MIOCKOCTHU:

1,5 L5 3
6,, = 0.1F°’5(2) _M_Ubd = 0'1.0'38500,5[0.3251 ! 1110 0219 e
t El, 0.007 2100 -1.562-10

=0.001376072

IIPU KPYUYCHHUH:

1,5 L5 3
0, = 0.06F4(2j Md _ 0.06-0.38504[0'325 j 11?0 0.219 — =
t Gl 0.007 7.69-10°-3.123-10

pb

=0.000038029

18.4.2 Cpasnenue pe3ynomamoes

B tabnumax 18.1 u 18.2 npuBeneHsl clieayomue pe3yabTaThl (YIibl TOBOPOTA CEUCHUS
mTy1epa):

1) “pyunbie” pacuetsl 10 ¢opMyliaM, MPUBEACHHBIM B HOPMAaTUBHOM JOKyMeHTe [1].
[Tepememienus coorBeTcTBYIOT Touke B (puc. 18.1);

2) uncneHHBIH pacyer ¢ “popMyIbHBIM” y4ETOM 00OIOUYEYHON MOAATIUBOCTH TPOHHU-
koBoro coenunenus B [IK ACTPA-A2C 2009. IlepemenieHus: OnpeaeIsiIuiCh B TOUKE (CEUEHUN)
B (puc. 18.1);

3) pe3ynbTaThl, NOJYYCHHBIC C UCIOJIb30BAaHUEM ""MaTpUUHOTO" cyrepaieMenTa, chop-
mupoBanHoro B I[IK ACTPA-A2C 2009 (monyns ACTPA-CTAJIMO) mo mpocTpaHCTBEHHO-
ob6onoueynoit K9-monenu paccmMarpuBaeMoro TpoiHuKa. [lepemenieHus: onpeaensiiuch B TOYKE
(ceuenun) A (cm. puc. 18.1).

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 14




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

Taomuua 18.1
VYrioBBIe IEpeMeIIeHus B Touke (ceueHun) B

0, pan 0y, » Pan 0, pan
(B MJIOCKOCTH) (M3 MJI0CKOCTH) (KpyueHue)
Pacuer no gopmy.aam [1] 0.000404 0.00138 0.0000380
ACTPA-A2C’2009 0.000405 0.00138 0.0000394
0, % 0.25 0.00 3.68

Tabmuia 18.2
VYTrII0BBIE IEPEMENICHHS B TOUKE (CeueHun) A

0;,, pan B0y » PAA 0,,, pan
(B IVIOCKOCTH) (M3 JIOCKOCTH) (Kpy4eHue)
ACTPA-ADC’2009 0.00049 0.00147 0.00015
ACTPA-CTAJINO 0.00041 0.00108 0.00025
0, % 19.51 36.11 40.00

[TonTBepkaeHa MmpakTU4eckass WASHTHYHOCTb pe3yibTaToB 1) u 2) (Ans BapuaHTa C
<OKECTKUM 3JIEMEHTOM») — TpaBuiIbHOCTH peanu3anuu B ACTPA-ADC dbopmyn yuera nogatim-
BOCTH TPOMHHUKOB [1,3].

B 1o xe Bpemsi, nanabie Taba. 18.2 CBHIETENBCTBYIOT, YTO JOCTATOYHO MPOCTHIE (op-
MYJIbHBIE 3aBUCUMOCTH HE MO3BOJIAIOT TOUHO MOJAEIUPOBAThH YIJIOBbIE MMOAATIMBOCTU TPOHHHUKA
BO BCEM JMAIa30HE U3MEHEHUs €ro reOMETPUUECKUX IMapaMeTpOB.

18.5 JIuteparypa

1. PykoBonsauuii Texuuueckuii matepuan PTM 38.001-94. Ykazanus nmo pacuery Ha
MPOYHOCTH ¥ BUOPALMIO TEXHOJOTUYECKHUX CTATBHBIX TPYOOTpoBO0B. M., 1994 r.

2. Xaxunckuii .M., Bomne I'.A. IlpoBectu uccnenoBanus u paspaborarb PTM mo
pacueTy Ha TPOYHOCTH TPYyOONpPOBOAOB TEeXHUYECKHMX OiokoB. OTuer o0 HaydHoO-
uccienoBarenbckoit pabore, BHUMMonTaxcnerncrtpoit, M., 1989 r.

3. ASME Boiler & Pressure Vessel Code. Section III. NB-3630, 1980 r.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 15




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

IIpumep 19. MoaenupoBaHue JJMH30BbIX/CHIb(POHHBIX KOMIIEHCATOPOB

Mctounnk(u) 1. “CewmeilictB0” mnporpamMmubix komiuiekcoB  ACTPA-
HOBA’2009. O6miee onucanue. M., HAL] CtaluO, 2009 r.
Tun 3agaun Cratnyeckuit pacuetr HJIC
Tun(sl) BepuduUMpYe- | KOMneHcamop  (MUH3068bLU/CUNLOHHBIL), npamas — mpyoa,
MBIX 3JIEMEHTOB Mepmeas onopa (3adenxa)
Bxomoii daiin TEST19V1.dat
TEST19V2.dat

19.1 IlocTaHoOBKA 3a1a4H

TpeOyercss mpoBepuTh NpaBUiIbHOCTE MozaenupoBanus B I[IK ACTPA-A2C 2009 pas-
JUYHBIX THUIIOB JIMH30BBIX/CHIb()OHHBIX KOMIIEHCATOPOB: OCEBBIX, YTJIOBBIX, CIBUTOBBIX -, TO-
CPEIICTBOM COIOCTABJICHUS C MPSMBIMH TPYOaMH 3KBUBAJICHTHOM JKECTKOCTH.

19.2 UcxoaHble JaHHBIE

T'eomempuueckue xapaxmepucmuxu
» HapyXHbIH quametp TpyOsr D = 108 mMm;
» TOJNIIWHA CTCHKU TPYOBI £ = 5 MM;
» IUIOLIA/lb CEUCHHUsSI TPYObI

F=’ [p? — (D - 26 ]= & [0.108% —(0.108 - 2-0.005) |= 1.618 - 107 W,
>  0CeBOI MOMEHT HHEPpUUHN CCUCHUA

J= ;[D" ~(p-20)]= ;[0.]08" —(0.108 - 2-0.005)' |= 2.151- 10" "

Dusuro-mexanuyecKue xapaKmepucmuxu
> wmomyis ynpyroctu E = 2:10° MITa;
» xoadounuenr [lyaccona v=0.3;
» MOJIyJb CABHIa:
E 2-10°

G= = =7.69-10* MIla.
2(1+v) 2(1+0.3)

Ilapamempol nacpy3sxu
» mnpopoibHas cuna F=1000 xH-m;
>  wsrubarommii MomeHT M =1 kH-M;
» mnonepeunas cuna Q =1 kH-m.

19.3 PacueTHast MoaeJIb

PaccmaTpuBanuce 0QHOIIEMEHTHBIE MOJIEIH, COCTOSIINE U3 KOHCOIbHO-3alEMIIEHHBIX
OpsIMbIX TPYO 3aJaHHOTO COPTaMEHTa M 3KBUBAJIEHTHBIE UM I10 KECTKOCTH MOJIENH, BKIIIOUYAIO-
1€ KOMIIEHCATOp. AHAJIN3 POBOAMIICS IJISl TPEX THUIIOB KOMIIEHCATOPOB C COOTBETCTBYIOIUMU
BApUAHTAMHU HarPy>KEHUS:

— 0CeBbIX (IIPOJIOJIBHAS CUITA);
—  YIJIOBBIX (M3TUOAIOIINIA MOMEHT);

— CIBUTOBBIX (TIOTIEpEYHAs CHJIA).

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 16




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

KecTtkocTu 3a1aBanuch CleaymuM o0pa3om:
O JKECTKOCTbh Ha PACTSKECHHUE-CKATHE
EF _2-10"-1.618-10"
/ 1
O WM3ruOHAaA KECTKOCTD
EJ 2.10"-2.151-10°°
/ 1
O JXECTKOCTH Ha CIBUT

GF _7.69-10"-1.618-107°
! 1

=3.236-10° H/wm;

=4.302-10° Hwm;

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009
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Komnencamop

MEENFOLECCOR

Tpyba sxeusanreHmHol HececmKocmu
MEENFOLECCOR

Puc. 19.1 PacueTHble MOnenn 3a1a4u

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

19.4 Pe3yabTaTsl

Komnencamop

Meparewanma g N (ral Fran 1 - Bec v D88 A8e B PaSaYan COCT SdHim

(309 0.00 -0.00

f

r o é
ALTRAAIC

Ipamas mpyba

Meparewanaa g N (ral Fran | - Bt v 488 A8 e B PASOYEM COCT Gl

2

I
(=308, .00, -0.00)

P.-..-- N Y é
ALTRAAIC
Puc. 19.2 PacueTHble nepemelieHns oT JEHCTBUS NPOJL0JIbHON CUIIbI, MM

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009
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Komnencamop

Mepessoumrnn o FCK (P 3Ten 1 - Bocy Assnesise B pAGOUYE COCT CaHHI

]!"'-'.. L% é
ALTPAAIC
Ipamasn mpyba
Mapmur s FOH (e, Sram 1 - Becw Samneres 8 asaunr cocT s
~y é
ACTPARIC

Puc. 19.3 PacueTHbie mepeMenieHus OT ACUCTBUS U3TUOAIOIIET0 MOMEHTA, MM

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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Komnencamop

Mepammgges & MEF g 3ren 1+ Hes w Sannsms & prlauss costam

0. 0.00. 0.79)

Ipsamas mpyba

Meparewanma g N (ral Fran 1 - Bec v D88 A8e B PaSaYan COCT SdHim

00, 0.00.-0.79)

f

-

" ¥
ACTRASIC

9

Puc. 19.4 PacueTHbie mepeMenieHus OT ACUCTBUS U3TUOAIOIIEr0 MOMEHTA, MM
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B puc. 19.2 — 19.4 u B Tabsuie 19.1 npuBeacHBI pacuyeTHBIC NIEPEMEIICHUS KOHIIA KOH-
COJIM ISl Pa3fIUYHBIX BAPUAHTOB HATPYXKEHHUS M PA3IMYHBIX THUIIOB 3JIEMEHTOB (TIpsiMas TPy-

0a/KOMITEHCATOD).
Tabmuna 19.1
PacuetHble mepemenieHus, MM
OceBasg cuiia W3rubaromuii MOMEHT ITonepeunas cuna
[Ipsimas TpyOa 3.09 1.16 0.79
Komniencarop 3.09 1.16 0.79
5, % 0.00 0.00 0.00

OKBHUBAJICHTHOCTD MOJIYYCHHBIX PE3YyJIbTAaTOB MO3BOJISCT CYAUTH O IIPABUJIIBHOCTH pa6o-
Thl aJITOPUTMOB MOACIUPOBAHUA CI/IJ'IB(bOHHI)IX/J'II/IH?)OBBIX KOMIICHCATOpOB, pC€aiu30BAaHHBIX B

K ACTPA-A2C 2009.

19.5 JIutepartypa

1. “CemeiictBo” mporpammubix komiuiekcoB ACTPA-HOBA’2009. O6miee onucaHwue.

M., HUI] Cta/TnO, 2009 .

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009

22




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

IIpumep 20. MoaenupoBaHue KOHNYECKHX IePeX0/10B

Mctounn(n) I. “CemeiictB0” mnporpamMMHbix komiiekcoB  ACTPA-
HOBA’2009. O6ee onucanue. M., HUL] CtaluO, 2009 r.
Tun 3agaun Cratnyeckuit pacuetr HJ{C

Tun(pl) BepuduuHpye-

ne €X0(), npAamas m 561, Mepmeas onopa (3a0enxa
MBIX 3JICMCHTOB P P i P P ( )

TEST20V1.dat
TEST20V2.dat

BxoxHoii gaiia

20.1 ITocTaHOBKA 321290

Konnueckuit nepexon B IIK ACTPA-A2C'2009 nipu pacuere 3aMEHSIETCS OTPE3KOM
npsIMON TPyOBbI IOCTOSIHHOT'O CEYEHUS C AUAMETPOM, PAaBHBIM CpEeIHEMY TUAMETPY Mepexoa.

Tpebyercst MPOBEpUTH MPABIILHOCTh PA0OTHI AITOPUTMOB MOACIUPOBAHNUS YKa3aHHOTO
3JIEMEHTA C TIOMOIIBIO MPOCTOM MOJIEIM KOHCOJLHOM OalIKK, Harpy>kaeMom MocCJIeI0BaTeIbHO
— TPOJOJBLHOU CUIION;
—  U3TUOaroIM MOMEHTOM;
— TIONEPEYHON CHIION.

20.2 Ucxoanble TaHHbIE

T'eomempuueckue xapaxmepucmuxu
» nuametpsl nepexona Dy = 1000 mm, D, = 400 mm
» nuametp npsmoiuHerHon TpyOsr D = (D) + D,)/2 = 700 mmM;
» TOJIIIMHA CTEHKH niepexona (TpyOsl) £ =5 MM;

Dusuxo-mexanuyecKue xapaKmepucmuKu
> wmomyis ynpyroctu E = 2:10° MITa;
» ko3¢ ¢umment Ilyaccona v=10.3.

I'panuunvie ycnosus (onoput)
» 3aliemiieHue (3aJielika) OJHOr0 U3 KOHIIOB OaJIKH.

Ilapamempor nacpy3xu
» mupoponbHas cuna F = 1000 xH-wm;
» wusrubaromuii MomenT M = 1000 xH-wm;
» mnonepeunas cuia Q = 1000 xH-m.

20.3 PacueTnast MoaeJnL

PaccmartpuBaeMble cyriepaieMEeHTHBIE MOJICNIH MOKa3aHbl Ha puc. 20.1 —20.2.
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MFEENFOLE CCDE

Puc. 20.1 Pacuetnas moznens. Konnueckuit mepexon

AFENFOUECCOF

f

-

» Y
ACTPAAIC

Puc. 20.2 Pacuetnas monens. [Ipsmas Tpy6a

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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20.4 Pe3yabTathl

Konuueckuii nepexoo

Mepersgwimmg o NCE (e, 3ran | = Becw asunemn 0 pasoqeH COCTOaHIE

2
0,82, 0,00, -0.00)

- wy

ACTRAAIC

IIpsmas mpyba

Mepereyiens o FCE (re), 3180 1 = Bed v geonmend 0 pasouln COCTOIMHA

2
092, 0,00 -0.00)

Puc. 20.3 PacueTHble nnepemMenieHus OT JeUCTBUS MPOJ0JIbHON CUIIbI, MM
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Konuyeckuii nepexoo

Mepereuesan o FCE (ar) 31an 1 = Bec 4 0apnewme D pasoqEe COCT ORMIK

000, 0,00, 1517

N

ACTPAASC é

Ipamas mpyba

MNepertmwirag i NCK () 3180 1 - 080 1 f80nEME O BaSAYEH COCTAIMMK

j0.00. 0.00. -1%5.17)

|

ey

i 9

Puc. 20.4 PacyeTHble mepeMenieHus OT JeHCTBUS U3rH0aloIero MOMEHTa, MM
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Konuueckuii nepexoo

Mapartaimuna n NCK (M) 3780 1 - BAc 4 SA0NGHUE O pAEDWEH COCTOAMMK

g0 00, 0,00, 24 55y

o =¥

ACTRA-AAC

Ipsamasn mpyba

Mapartaimuna n NCK (M) 3780 1 - BAc 4 SA0NGHUE O pAEDWEH COCTOAMMK

j0.00. 0,00, 24 55)

o =¥

ACTRA-AAC

Puc. 20.5 PacuetHble nepemMenieHus OT JSUCTBUSA MONEPEUYHON CUIIbI, MM

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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PacueTHble 3HaUE€HMS JIMHENHBIX NIEPEMELIEHNN KOHIIA KOHCOIU ISl TPEX PaCCMOTPEH-
HBIX THIIOB HAarpy30K U Pa3IWYHBIX JIEMEHTOB (KOHUYECKHH Tepexo/mpsiMas Tpyoa) mpeicTaB-

nensl Ha puc. 20.3 — 20.5 u B Tabmune 20.1.

Pacuernsie NEpEMCIICHUS, MM

Tabnuua 20.1

IlpononbHas cunia | W3rubarommii MomenT | Ilonmepeunas cuia
Ilepexon 0.92 15.7 24.99
IIpsimas TpyOa 0.92 15.7 24.99
0, %o 0.00 0.00 0.00

N aeHTUYHOCTh MOTYYEHHBIX PE3yJIbTaTOB CBUAETEILCTBYET O COOTBETCTBUU AlTOPHT-
MOB MOIeNTUpoBaHusi KoHnYeckuX nepexooB B [IK ACTPA-A2C 2009 3asaBieHHON TOYHOCTH.

20.5 JIutepaTypa

1. “CewmeiictBo” mporpammubix komrmiiekcoB ACTPA-HOBA’2009. Obuiee onucanue.

M., HULI CtaJu0, 2009 T.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009
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IIpumep 21. MoaenupoBaHue THUI (KPbILIEK, JOHBIIIEK)

Mctounnk(u) 1. “CewmeilictB0” mnporpamMmubix komiuiekcoB  ACTPA-
HOBA’2009. O6miee onucanue. M., HAL] CtaluO, 2009 r.
Tun 3agaun Cratnyeckuit pacuetr HJIC

Tun(s) BepuduuMpye- | npavas mpyoa, OOHbLIWKO (OHUWe, KPbIWKA), MepmBas onopa
MBIX 3JIEMEHTOB (3a0enxa)
Bxoauoii ¢aiia TEST21.dat

21.1 IlocTanoBKka 3a1a4u

Paccmampusaemcs xoHconbHas TpyOa ¢ KPBILIKOM Ha KOHIE. TpeOyemcsi POBEPUTH
MPaBUILHOCTH YU€Ta OCEBBIX CHJI OT JaBJICHUSI.

21.2 Ucxoannle 1aHHBIE

I'eomempuyeckue xapaxmepucmuxu
» HapyxHbIil tuamerp Tpyost D = 108 mMMm;
» TOJIIMHA CTEHKH TPYOBI £ = 7 MM;
» IUIOIIAJlb TPYOBI B CBETY

F= Z[DZ ~(p-20F )= ?(0.108—2-0.007)2 =6.94-107 v’

Dusuro-mexanuvecKue xapaKmepucmuKu
> wmomyis ynpyroctu E = 2:10° MITa;
» xod¢p¢umment Ilyaccona v=10.3.

I'panuunvie ycnosus (onoput)
» 3amiemiieHue (3ae71ka) OJJHOTO U3 KOHIIOB TPYOBI.

Ilapamempui Hazpy3Ku
» BHyTpeHHee nasnenue p = 1 Mlla.

21.3 PacueTHnast MoaeJ1nL

Pacuetrnas Mogenp nokasana Ha puc. 21.1.
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MPEMPOLUE COOR

Puc. 21.1 Pacuetnas ACTPA-monens

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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21.4. Pemienue

Cionsrind e rogn @ 0K O O NE feHL M ML (ko). Sram 1 - Bee 1 Son s @ pofse cosT o

r_, . ¢
ACTFAAIC

Puc. 21.2 PacueTHble BHYTpeHHHUE yCUIIUSA OT JeicTBUs naBiaeHus], KH

[lonyuyennsie B pesynprate yucieHHoro pemenus B [IK ACTPA-A2C'2009 3nauenus
IIPOJOJIbHBIX BHYTPEHHUX YCUJIMI IOKa3aHbl Ha puc. 21.2 u coctaBumm N = 6.94 xH, uro nosn-
HOCTbIO COOTBETCTBYET aHAJIMTUUYECKOMY PELICHUIO:

N=pF=1-10°-6.94-10" = 6.94 xH.

21.5 JlutepaTypa

1. “CemeiictBo” mporpammubix komiuiekcoB ACTPA-HOBA’2009. O6miee onucaHwue.
M., HUI] Cta/lnO, 2009 r.
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IIpumep 22. MopaenupoBaHue apMaTypsbl ¢ y4eToM mTOoKa (mpusoaa). Comocras-
JIeHHe ¢ AaHAJUTHYECKHM pelleHueM

Hctounnk(u) 1. “CemelictB0” mnporpammubix komiuiekcoB ACTPA-
HOBA’2009. O6mee ommcanue. M., HULL Cta/luO, 2009 r.
Tun 3agaun Craruueckuii pacuer HIC

Tun(s) BepudpuUUpye-
MBbIX 3JIEMEHTOB
Bxoaunoii ¢aiia TEST?22.dat

npamas mpyoa, apmamypa, mepmeds onopa (3adeixa)

22.1 IlocTaHOBKA 321290

TpebyeTcs npoBepuTh MPAaBUIBHOCTH PabOTHI aIrOPUTMOB ydeTa “IIToka’ (MPHBOAA)
apmatypsl, peanu3zoBaHHbIX B [IK ACTPA-A2C 2009 na npoctoii 6amounoit moaenu (puc. 22.1).

22.2 Ucxoaublie TJaHHbIE

T'eomempuueckue xapaxmepucmuxu
» KOOPJHMHATHI IIEHTPA MACC CEYCHUS IITOKA OTHOCUTEIIBHO IEHTPAIILHOTO Ceue-
HUS apMaTyphI:
0 x=100 Mm;
0 y=100mm.
» HapyXHBIH JUaMeTp npuMbIKarommx Tpyo D = 108 mm;
» TOJIIIMHA CTEHKU NPUMBIKAIOIUX TPYO £ = 7 MM.

Du3uKo-mexaHuieckue XxapaxKmepucmuxu
> wmoxyns ynpyroctu E = 2-10° MITa;
» ko3¢ ¢unuent Ilyaccona v=0.3.

I'panuunsvie ycrosus (onopwt)
» 3aniemiieHus (3a7eNIKK) 10 KOHI[aM y4JacTKa.

Tlapamempeor nazpysku
» Bec apmarypsl G =5 kH;
» Bec mToka G =10 xH.
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MEEMPOUECIOR

Puc. 22.1 Pacuetnass ACTPA-monens. Apmatypa

APENPOLIECCOE

Puc. 22.2 Pacuetnas sxBuBaieHTHass ACTPA-monens. TpybOa

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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FacnonoseHHE Hacs

0,000, 0.000, 0000 (1)

0,000, 0,000, 0,000 (1)

0382, 0,382, 0.382(v)

0765, 0765, 0.765(T)

0382 0362, 0L302 (1)
(UEICD, CONEND, e {e)

(LCIOKL, [0 OO el

" =
ACTRAAEC

Puc. 22.3 PacueTHas auHaMu4ecKas MOJeb (MacChl — B T)

22.2 PacueTHast MoaeJIb

Pacuernas cynepanemenTHas mozenb, noctpoeHHas B [IK ACTPA-A2C’2009 (puc.
22.1) BKJIIOYAET apMarypy €O IITOKOM M JBa MPUMBIKAIOLIUX OTpe3Ka MpsMbIX TpyO (c 3aaaH-
HBIM HYJIEBBIM TOTOHHBIM BecoM). T.0. B Mojenu | yuacTOK-CymepIJeMeHT, 2 CynepIIeMeHT-
HBIX y3J1a, 3 aneMenTa. KoHIIbI yyacTka jKeCTKO 3aKpEIUICHBI.

Ha puc. 22.2 noka3aHa KBUBAJIECHTHAs MOJEIb, IOCTPOEHHAS UCXO/ U3 0COOEHHOCTEH
monenupoBanus apmarypsl B IIK ACTPA-A2C 2009. 3necy apmatypa 3aMeHSIETCs] IPSIMON TPYy-
oot ¢ quamerpoM D = 2-D u tommuunoi t; = D/2.1. Cymmapusiii Bec G = G + G pasHo-
MEPHO PACIpPENeNseTCsl 0 UIMHE TPYyObl, MACCOBBIE MOMEHTHI MHEPIMHU INTOKA NPHBOIATCS B
LIEHTPAILHOE CEYEHHE.

22.3 Pe3yabTathl

22.3.1 Ananumuueckoe pewienue

B cooTBeTCTBHUM C M3BECTHLIMH COOTHOIICHHUSMU TGOpGTH‘ICCKOﬁ MCXaHUKH MMPHUBCICH-
HBIN KPYTSIIJ_[I/Iﬁ MOMEHT OT «ILITOKa» OTHOCUTEIBLHO IJ100albHOM och X:

My = -G"""y =-10-0.1 = -1 kH-m;
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CYMMAapHBIH BEC apMaTypbl CO LITOKOM:
G=G™"+G"™=5+10=15«H.

Torma W3 ycinoBus paBHOBECHA pEAaKLUMUM B ONOPAaxX KPyTALIME MOMEHTBI
M =M" =0.5xHM, nepepessiatomue cunl R = R? =7.5xH.

MaCCOBHe MOMCHTBI I/IHepI_[I/II/I IIToKa, HpI/IBe)IeHHBIe K I_[eHTpaJ'IBHOMy CCUCHHUIO apMa-
TYpBHI:
I = M“" (7 + 27) = 1.01936+(0.17 + 0.1%) = 0.0203873 1M,
I, = M“"* (¥’ + ) = 1.01936-0.1> = 0.0101936 1-M",
L = M“"™(x + ") = 1.01936:0.1 = 0.0101936 1M,
rae M =1.01936 T — Macca mTOKA.

22.3.2 HYucnennoe peuienue

Pacuernbie Harpy3ku B omopax mnokaszanbl Ha puc. 22.4. [lonyuyenusie B [IK ACTPA-
ADC 2009 3naueHuss peakTUBHBIX KpyTsammx MomeHToB (0.5 kH-M) u BepTukanbubix cui (7.5
kH) B oropax moJIHOCTHIO COBMA/IAIOT C pe3yJIbTaTaMU aHAJTUTUYECKOTO PEIICHMUS.

Merpryamis s onopss P BT (si), M1 M2 ] sb) Pafolss cocTanes

Puc. 22.4 Pacuetnblie Harpy3ku Ha onopsl, KH (kH-m)
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PacueTHble HU3IINE COOCTBEHHBIC YACTOTHI JIJIsl MOJIENel ¢ apmaTypoii (puc. 22.1) u ok-
BUBAJICHTHOH (puc. 22.2) B cOOTBETCTBUHU ¢ Tabiuieil 22.1 moIHOCThIO UCHTUYHBI.

PacueTHble HHU31IME COOCTBEHHBIE YaCTOTHI, 1 11

Ta0muma 22.1

Mopaean 1 2 3
ApmaTtypa co LITOKOM 14.068 14.068 32.766
IKBHBAICHTHAs 14.068 14.068 32.766
MojeJIb (puc. 22.2)

0, % 0.00 0.00 0.00

Ha ocHoBaHMU ITPOBEACHHBIX COIOCTABICHUM MOXHO CIEIATh BBIBOJ O NMPaBUIBLHOCTH
MOJIEJTMPOBAHUS CTATUYECKOT0 U AUHAMUYECKOTO MOBEJCHHUS apMaTyphl C MPUBOAOM (ILITOKOM)
B [IK ACTPA-A2C"2009.

22.4 JlutepaTypa

1. “CewmeiictBo” nporpamMubix komiuiekcoB ACTPA-HOBA’2009. Obuiee onucanue.
M., HUI] Cta/luO, 2009 .

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009

36




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

Ipumep 23. MoaesupoBaHue 0JTHOCTOPOHHHX ONOP ¢ TPEHHEM, KECTKHX MOIBECOK
¥ aMOPTH3aTOPOB

1. “CemelictB0” mnporpammubix komiuiekcoB ACTPA-
HOBA’2009. O6mee ommcanue. M., HULL Cta/luO, 2009 r.
Cratnueckuii pacuer HJIC, pacuer cOOCTBEHHBIX YacTOT W
dbopm KosebaHui

npamas mpyoa, omeoo (2ub, KoieHo), onopa mpeHusi 00HOCMo-
POHHSS, JHCeCmKAs N008ecKd, amopmusamop, onopa odue2o
8u0a, Mepmaeas onopa (3adeika)

TEST23V1.dat

TEST23V2.dat

Bxoanoii gaiia TEST23V3.dat

TEST23V4.dat

TEST23V5.dat

Hcerounuk(u)

Tun 3agaun

Tun(pl) Bepuduuupye-
MBIX 3JIEMEHTOB

23.1 IlocTaHOBKA 321290

[IpoBepsercs mpaBmwibHOCTH paboThl peanu3oBaHHbIX B [IK ACTPA-A2C 2009 anro-
PUTMOB MTEPALMOHHOIO yuyeTa OTpbIBa TPyOONpPOBOAA OT OAHOCTOPOHHHUX OIOpP C TPEHHUEM U
KECTKUX MOABECOK.

Taxoxe ocyuiecTBisieTcsl IPOBEpKa MPaBUIbHOCTH MOAEIMPOBAHUS aMOPTU3ATOPOB, I0-
CPEICTBOM COIIOCTABICHHUS MX PaOOTHl B CTATMYECKOM M JAMHAMHYECKOM PEXKUMax ¢ paboTon
IPY>KUHHBIX OIOP SKBUBAJIEHTHOM JKECTKOCTH U TPyOOIPOBOJA, HE COAEPKALIEro B JAHHOM Ce-
YEHUHU ONOPHBIX KOHCTPYKLIHUH.

23.2 Ucxoaublie TaHHbIE

Tl'eomempuueckue xapaxmepucmuxu
» HapyxHbIil tuamerp Tpyosl D = 245 mMmM;
» TOJIIIMHA CTEHKH TPYObI £ = 19 MM.

Dusuxo-mexanuyecKue XapaKmepucmuxu
> wmoxyns ynpyrocti E = 2-10° MITa;
» ko3¢ ¢unuent [lyaccona v=0.3.
I'panuunsvie ycrosus (onopwt)

» MepTBBIC ONOPHI (3aJICIKH) 110 KOHIIAM TPYOBI;
» BepuduIHEpyeMas oropa B IPOMEKYTOYHOM CEUCHHUU.

Ilapamempor nacpy3xu
» BHyTpeHHee nasieHue p = 2 Mlla;
» IUIOTHOCTH Marepuaia TpyGOsl p = 7.85 T/M°;
» Ttemnepatypublil nepenag AT = 380°C.

23.3 PacueTHLIe MOIEIH

bazoBas cynepaneMeHTHas Mozenb TpyOomnpoBoaa, mpeiacTaBieHHas Ha puc. 23.1, co-
CTOUT U3 OJIHOT'O y4YacTKa-Cylep3JeMeHTa, 16-TH 2J1€MEHTOB.

B paccmarpuBaeMyro MoOJielb BKIIFOYAIMCH TOCIEI0BATENBHO BepUDUIIUPYEMbIE DIIEMEH-
Thl (OJTHOCTOPOHHSISI OIOpa, JKECTKas MojBecka, amopTu3aTop). COOTBETCTBYIOLIUE PacCUETHBIC
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MOJIENH MOKa3aHsl Ha puc. 23.2 — 23.4. Ha puc. 23.5 npuBeneHa MoJienb, COAEpKaIas IPyKUH-
HYIO OIIOPY 3KBUBAJIEHTHOM KECTKOCTH (IPUMEHSETCS Ul BepUPHUKALUU aMOPTU3aTOPA).

Ha puc. 23.6 noka3ana pacueTHasi [uHaMu4eckas Mojienb TpybonpoBoaa. CymmapHas
Macca cucTteMsl 1.872 T, ynciio IMHAMHYECKUX CTeneHel ¢cBo0oabl — 39.

Ocesoe (numouHoe) npeocmaenenue

o5

ObvemHoe (meepoomenvHoe) npedcmasierue

" w1 é
ACTFAAN

Puc. 23.1 Pacuernas ACTPA-moznens. TpyOonpoBos 6€3 mpoMeKyTOUHBIX
OTIOPHBIX KOHCTPYKIUH
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MPEMPOUECCO

SNoPpa QANCTOR

Puc. 23.2 Pacuernas ACTPA-monens. TpyOompoBoI ¢ OJHOCTOPOHHEH OTIOPOi

MPEMPOUECCO

EECTEAS MO

Puc. 23.3 Pacuernass ACTPA-moznens. TpyOonpoBo ¢ dKEeCTKOH MOABECKOM

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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MPEMPOUECCO

Puc. 23.4 Pacuetnas ACTPA-monens. TpyOGomnpoBoa ¢ aMOpPTH3aTOPOM

MPEMPOUECCO

{ OpyEHERAR
P 6
ALTPARDT

Puc. 23.5 Pacuernass ACTPA-moznens. TpyOonpoBo/ ¢ 0Opoil SKBUBAJICHTHON KECTKOCTH
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hlll DoE 908 i)
Oz i st

61."1 Rk W ORE 1]
‘::1.;-. (RF WCRE T

23.4 PesyabTaTsl

23.4.1 Ha puc. 23.7 — 23.8 npoieMOHCTPUPOBAH OTPHIB TPyOOIPOBOIa MPU HArPEBE OT
OJIHOCTOPOHHEH OIOpbI C TPEHUEM M B KECTKOH mojBecke. OOpalieHue B HyJlb PEaKTUBHBIX
YCUIIMH B OMOpax SIBJSIETCS JHOCTATOYHBIM KPUTEPUEM MPaBUIHLHOCTH PabOTHI alrOPUTMOB MO-
JIEJIMPOBAHMSI YKa3aHHbBIX AJIEMEHTOB.

23.4.2 Jlns TpyOOmpoBOAa, COAEPIKAIIEro aMOpTU3aTop, Ha puc. 23.9 mpencraBieHb
pacueTHble nepeMelieHus, a Ha puc. 23.10 — 23.11 — pacueTHble HanpsKEHUs rpyni (6)s2, (O)rk;
MPOJAEMOHCTPUPOBAHO TIOJHOE COBMAJICHUE C PE3yJIbTaTaMU aHAJOTUYHOTO pacyeTa st TpyOo-
poBoja 6e3 aMmopTH3aTOopa.

B tabaune 23.1 npuBeneHsl 3HaueHus 10-TH HU3MIUX COOCTBEHHBIX 4acToOT, (a Ha puC.
23.12 — 4 nepBble GOpMbI COOCTBEHHBIX KOJ€OaHUI) Ui IBYX BapHaHTOB MOJEIIMPOBAHUS pac-
cMaTpUBaeMoro Tpy0ornpoBoja:
— C aMOpTHU3aTOPOM
— € DKBHUBAJICHTHOM I10 KECTKOCTHU IIPYKUHHOHN OIIOPOM.

Pesynbrarhl uaeHTnuHbl. Takum o0pa3oM, Ha TECTOBOM IpUMeEpe MOKa3aHO HCKOMOE
OTCYTCTBME BIIMSHHUS aMOPTHU3aTOpPa HA KECTKOCTb CUCTEMBI IIPH KBa3UCTAaTUYECKOM Harpyxe-
HUM U BKJIIOUEHHME €ro KECTKOCTHBIX XapaKTEPUCTHUK B IJI00AIBbHYIO MATPHUILy >KECTKOCTH TpY-
OONPOBOJHON CHCTEMBI IPU IUHAMHUYECKOM pacyere.
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Heghopmuposannasn cxema (nepemewjeHuss — 8 Mm)

Plapmemmesss b FON piss| 3ian PG - Sonl warpgien b pado-me G5 b

e ¢
ACTPAASC
Haepysku na onopy (kH)
Fiargagias o ariopes F1PLF) ) W0 MG WEN i) Praticass coc hosiin [ T T —
cripush it wrcpss [
03, -0 6 60
LM 0| -am

s 6
ALTPR-ASC

Puc. 23.7 OtpbIB TpyOOIIpOBOAa OT OAHOCTOPOHHEH OTOPHI
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Heghopmuposannas cxema (nepemewjenuss — 8 Mm)

Mapmsmamesan & [TE (e Sran 5 Bew sarpyi § el oGt i

ST A ST
Ed b é
ALTRAAN
Haepysku na onopy (kH)
Harryase st sringei PP F (] MMM [RH) Pafioess poct o T ——
CinDel &7 DOOP -
00 400908

Ed b é
TP

Puc. 23.8 OTpsIB TpyOOIIPOBO/Ia B )KECTKOU MOABECKE
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Tpybonposood ¢ amopmuzamopom

Mapmesmamesan & [TE (e Sran 5 Bew varpym § el oGt i

Tpybonposoo bes onopuvl

Mapmesmamesan & [TE (e Sran 5 Bew varpym § el oGt i

Puc. 23.9 Pacuetnbie neopmMupoBaHHBIE CXEMBI (TIEPEMEIICHUS — B MM)

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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Tpybonposood ¢ amopmuzamopom

Fapee vy varpeesss (Wal Hanl Fpgnnel

r AMEETH L

Tpybonposoo bes onopuvl

Fapee vy varpeesss (Wal Hanl Fpgnnel

1751

:

Puc. 23.10 PacueTHble HanpspkeHus rpynnsl (6),, MIla
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Tpybonposood ¢ amopmuzamopom

Pt brasn ssarpussiain (Wa] S1an ) Mpgnnel s
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Puc. 23.11 Pacuernpie HanpspKeHUS Tpynsl (6)rk, MIla
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Puc. 23.12 Pacuetnblie Hu3MMe GopMbl COOCTBEHHBIX KOeOaHUH
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PacueTrHbple HU3IINE COOCTBEHHEIE 4aCTOTHI, I'n

Tabmnuua 23.1

] 2 3 4 5 6 7 8 9 10
TpyGonpoBog 487
camoprusa- | ' | 5.454 | 7.897 | 13.415 | 20.391 | 32.207 | 32.760 | 43.400 | 45.681 | 56.006
TOPOM
TpyGonposon | 4.87 | ¢ 1or 15997 | 13.415 | 20391 | 32.207 | 32.760 | 43.400 | 45.681 | 56.006
0e3 OmopHI 5
23.5 Jlutepatypa

1. “CewmeiicTBo” mporpamMmmHubix koMiuiekcoB ACTPA-HOBA’2009. O6mee onucanne. M., HUL]
Cra/lu0O, 2009 r.
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IIpumep 24. PacueTHasi npoBepKa repMeTHYHOCTH (IaHLIEeBBIX COeIMHEHN I

1. YkazaHus 1o pacyeTy Ha IPOYHOCTh U BUOPAIMIO TEXHOJIO-
TMYECKUX CTalbHbIX TpyOompoBomoB. PTM 38.001-94. M.,

HUcTounuk(un) 1995 1.
2. “CewmeilictB0” mnporpammublx KomiuiekcoB  ACTPA-
HOBA’2009. O6mee ommcanue. M., HULL Cra/luO, 2009 r.
Tun 3agaun Craruueckuii pacuer HIC

Tun(s) BepudpuUUpye-
MBbIX 3JIEMEHTOB
Bxoaunoii ¢aiia TEST?24.dat

npamas mpyba, mepmaeas onopa (3adeinka), ¢praney

24.1 IlocTaHOBKA 321290

[IpoBepka (naHneBbix coeauHenuid Ha repmernyHocTh B [IK ACTPA-A2C 2009 BHI-
nostasiercs o ¢opmydie (1) [punoxkenus 3 PTM 38.001-94 [1] o 3amanHOMYy pabodemy aaBiie-
HUIO U BBIYUCIICHHBIM CHJIOBBIM (DaKTOpaM.

Ha ¢nannessle coequaeHus TpyOOIPOBOIOB, KpOME BHYTPEHHETO WIJIM HAPYKHOTO J1aB-
JIeHHUs, ISUCTBYIOT TaK)Ke OCeBasi M Mepepe3bIBAIOIINE CUIIbI, U3THOAIOIINE U KPY TSI MOMEH-
ThI, BEJIMYMHBI KOTOPBIX ONPEAEIAIOTCS U3 pacyeTa HaNpsHKEHHO-Ie(POPMUPOBAHHOTO COCTOS-
HUSL TpyOonpoBoaa B 1enoM. [Ipu BbIOOpe HOPMaNM30BAaHHOTO (PIAHIIEBOTO COCIMHEHMS YyKa-
3aHHbIE CHJIOBBIC (DAKTOPBI CIIAYET YUUTHIBATH IIPH ONPEIEICHUH YCIOBHOTO JaBJICHHS, MO KO-
TOPOMY BBIOMPAIOTCS HOPMATU30BaHHbIE (DIAHIIBI:

4 4M|
P+7'Max N+T ,0

> ,Mlla (24.1)

rIe:
M=M "+M, ,
Y
M. , M , M3TUOAIOINEe MOMEHTHI, ISHCTBYIOIINE B JIBYX B3aUMHO TMEPIEHIUKYIISIP-
HBIX ITOCKOCTSX,
N — oceBas cuiia, AeCTBYoIas Ha (JIAaHIIEBOE COCTUHECHHE:
— TP PACTSHKEHUH MMPUHUMAETCS CO 3HAKOM TLITIOC;
— TP CO)KaTUH — MUHYC.
G — b (DeKTUBHBIN JUAMETP MPOKIIATKH:

1) nns miIocKuX MPOKIAZOK HUPUHOM b<I5 MM, a Takxke Juisl MPOKJIAIOK OBaJIbHOI'O
WJIM BOCBMUTPAHHOT'O CEYEHUS — CPEIHUMN IUaMeTp MPOKIIAJKHU;

2) i III0CKUX MPOKJIAN0K € Hapy>KHbIM 1uaMeTpoM Dy u mupunoit b>15 mm:
G=D, —3.87/b,mm
Ar—xoadpdunuent, s Tpyoonpoogos ADY u TOY npuHuMaeMsblil paBHbIM 1,

D,, — Hapy KHBII TMAMETP NMPOKIAAKH, MM
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Tpebyercs mpoBepuTh MPaBUIBLHOCTD, peann3oBaHHbIX B [IK ACTPA-AD2C 2009 anro-
PUTMOB JUATHOCTUKHU HApYIICHUSI TEPMETHUYHOCTH (hJIaHIEBBIX COSTUHEHUN TPYOOTIPOBOIOB.

24.2 Ucxoauble 1aHHBIE

I'eomempuueckue xapaxmepucmuxu
» HapyxXHbIi uamerp Tpyo D = 159 mwm;
» TOJILWHA CTEHKH TpyO £ = 17 MM.

Dusuxo-mexanuyecKue xapaKmepucmuxu
> wmomyis ynpyroctu E = 2:10° MITa;
» xod¢p¢umment Ilyaccona v=0.3.

I'panuunvie ycnosus (onoput)
» 3amemiieHue (3ajenka) Ha KOHIIE y4acTKa.

Ilapamempur nacpysxu
» BHyTpeHHee nasieHue p = 5 Mlla;
» cocpenoToueHHas BeptukaibHas cwia F = 0.5 kH, npuioxeHHass Ha KOHCOJIb-
HOM KOHIIE.

Xapaxkmepucmuku ¢hnanyesoeo coeounenus
» BHYTPEHHHH quaMeTp npokiagku Dy = 165 mwm;
» HapyXHbIH quameTp npoxiaaku Dy = 190 MMm;
» JOIyCKaeMoe yCIOBHOeE JaBieHue [p,] = 6 MIla.

24.3 PacueTHas MOJeJIb

Pacuetnast cynepanemenTtHas mojenb, noctpoeHHas B IIK ACTPA-A2C 2009, npen-
ctaBjieHa Ha puc. 24.1. Monenb COCTOUT U3 JABYX OTPE3KOB MPSIMOJIMHEHHBIX TPYO, COCIMHEH-
HBIX [TPU TOMOIIH (JIAHIIEBOTO COSAMHEHHUS.

PaCCManI/IBaJ'IOCB JBa BapuaHTa Harpy>KCHUs:
— BHYTPCHHCC JaBJICHHUC,

— BHYTPCHHCC HNABJICHUC + COCPCAOTOUYCHHAA IICPCPE3bIBAIOIIAA CHUJIa HA KOHIIC
KOHCOJIN.
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Ocegoe (Humounoe) npedcmasienue

AFENFOUECCOF

w wy é
ALTRAAIC

ObvemHoe (meepoomenvHoe) npedcmasierue
AFENFOUECCOF

ACTPAASC é

Puc. 24.1 Pacuetnass ACTPA-mozens (pa3mepsl — B MM)
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24.4 Pe3yabTathl

B Ttabnunax 24.1 — 24.2 mpuBeneHbl pacyeTHBIE 3HAUEHHUS YCJIOBHBIX JABICHUH BO
(bIaHIIEeBOM COCIMHEHHUH IS IEPBOTO U BTOPOTO BAPHAHTOB HArpy>KeHHM. Pe3ynbpTaTsl mosHO-
CTBIO COTJIACYIOTCSI C HOpMATUBHOU (opmynoit (24.1):

P 5
=—=—=35 Mlla;
P = g "

A (M 0 4 4.3-10° - 1-10°

3.14-G° ¢ siaa7757 17s
Py, = = : : : =7.73 Mlla,

A, 1
G= (I 90+ 165 )/ 2 =177.5 MM, IOCKOJIBKY IIMpHHA (iiaHia MeHbIIE 15 MM.
Taonuua 24.1
Pacuernbie u nomyckaemble nasiuenus (MIla) Bo praHIeBbIX coequHEHHIX
JUTSI TIEPBOTO BapUaHTa HATPYKEHUS

Howmep Oran 1 Ortan 2 Oran 3 Otan 4

VYuactok | cede- | Mapkep JIOITyCKaeMoe
st pacyeTHOE | pacyeTHOE | paCYETHOE | pacueTHOE
1-2 2 dnanery 5.00 5.00 5.00 5.00 6.00
Tabnuua 24.2
Pacuernrie u nomyckaemble nasienus (MIla) Bo (hmaHIEBBIX COSIMHEHUIX
JUTsl BTOPOT'O BapHaHTa Harpy >KeHUs

Howmep Oran 1 Oran 2 Oran 3 Oran 4

VYyactok | ceue- | Mapkep JIOIIyCKaemMoe
st pacyeTHOe | pacyeTHOE | pacyeTHOE | pacueTHOe

I - [IpeBblieHrE TaBIEHHUS HAJl IOy CKAEMBIM

Jlnst BTOporo BapuaHTa Harpy>keHus (JaBjieHue + MmonepeyvHas cujia) BbIsIBIIEHA pasrep-
MeTu3alus (GpaHIeBoro CoeIMHEHM (BBIACICHUE IIBETOM B CBOAHON Tabmuie 24.2), BpI3BaHHAs

IMPECBLINICHUEM paCYCTHOT'O YCJIOBHOT'O JAaBJICHUA HAA JOITYCKACMbIM.

Tem cambIM, IIOKa3aHa aJIeKBaTHOCTh aJITOPUTMOB OLICHKH I'€pMETUYHOCTH (DIIaHLEBBIX
coenunenuii, peanuzoBanublx B [IK ACTPA-A2C'2009, dopmynam (1) Ipunoxenus 3 PTM
38.001-94 [1].

24.5 JIntepatypa

1. Yka3zanus 1o pacueTy Ha MPOYHOCTh U BHOPAIMIO TEXHOJOTUYECKUX CTAIBHBIX TPY-
6onposoaos. PTM 38.001-94. M., 1995 r.

2. “CemeticTB0” mporpammubix komiuiekcoB ACTPA-HOBA’2009. OGmiee onucanue.
M., HUL] Cra/luO, 2009 r.
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IIpumep 25. Pacyer HAC u omeHKa NMPOYHOCTH BBICOKOTEMIIEPATYPHBIX TPY0OO-
npoBoaoB. ConocrapjieHne ¢ AHATUTHYECCKUM pelieHHeM

1. PTM 108.038.101-77. “Tpy6onpoBobl CTAallMOHAPHBIX Ia-
POBBIX M BOAOTPEHHBIX KOTIOB. PacueTr Ha camoKoMIIEHca-
muto”, JI., HITIO KTH, 1979

HUcTounuk(un) 2. JlononHeHHe K BEpUPHUKAUOHHOMY OTYETY MPOTPaMMHOIO
cpenctBa “PAMIIA-93”: oueHKka IPOYHOCTH BBICOKOTEMIIEpA-
TypHbIX TpyOompoBomoB ADC mo nporpamme "PAMIIA-93",
C.-IletepOypr, 2003.

Craruueckuii pacuer HJIC, hopMupoBaHre MaTpUUYHBIX CyIiep-
JIEMEHTOB

Tun(sl) Bepudunupye- | Ilpsamas mpyba, omeoo (2ub, koneno), mepmeas onopa (3aoei-
MBIX 3JIEMEHTOB Ka)

Bxoaunoii ¢aiia TEST25.dat

Tun 3agaun

25.1 IlocTanoBKa 3a1a4u

Paccmampuesaemcs BricokoTEMNIIEpaTypHBIA TpyOompoBo (puc. 25.1), B3saTeiil uz PTM
108.038.101-77 [1, cTp. 54].

Tpebyemcsa nposectr pacuer HJIC ykazanHbIx TpyOompoBooB. [ToydeHHbIE pe3yJib-

TaThl COMOCTABUTH C MPUBEICHHBIMA B HOPMAaTUBHOM JOKyMeHTeE [1], a Takxke ¢ pe3yJibTaTaMu
no BepudunupoBannomy [1K “PAMIIA-93” [2].

25.2 UcxoaHble JaHHbIE

TI'eomempuueckue xapaxmepucmuxu
» HapyxHbIil tuamerp Tpyo D, =27.3 cm;
» rtonmuHa TpyO S = 2.0 cMm;
» pamuyc ru6oB R = 130 cm;
» BO3MOXKHasi OBaJIbHOCTh CEYCHUI THOOB He Oosiee 8%.

Dusuxo-mexarnuueckue xapaxmepucmuku (cmaiv mapku 12XIM®D)
» wmonynb ynpyrocta E = 178481 MIla;
» xod¢p¢unment Ilyaccona v =0.3;
> KOd(UIMEHT THHEeHHOTo pacmuperns a = 1.32-107 rpan'l.

I'panuunsvie ycrosus (onopwt)
» JKECTKOE 3allleMJICHHUE TI0 KOHIIaM.

Ilapamempuol Hazcpy3ku
» BHyTpeHHee naBiieHue p = 14.612 Mlla;
» pabouas Temneparypa ¢, = 500°C, remnepatypa monTaxa 10°C, TemnepaTypa
Harpesa f, = 500 — 10 = 490°C;
» pacrpejesicHHas BecoBas Harpyska ¢ = 2.35 kH/m;
» COOCTBEHHBIE CMEIICHNUS 3aIIEeMJICHHBIX KOHIIOB (ITOKa3aHbl Ha puc. 25.1 B cm).
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/
.

§J34

8706

Puc. 25.1 PaccmaTpuBaeMblil BBICOKOTEMIIEpATYPHBINA TPYOOIIPOBOJ]

25.3 PacueTHasst MoaeJib

Pacuetnast mogens paccmarpuBaemoro Tpybonposona, co3nannas B [IK ACTPA-ADC
2009, nokazana Ha puc. 25.2. Pa3MepHOCTh MOJENN COCTaBuja: 2 CyNepaJeMEHTHBIX y3ia, 1

Y4aCTOK-CYIICPIJICMECHT, 13 s1emMeHTOB.
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Ocegoe (Humounoe) npedcmasienue

AFENFOUECCOF

s wy é
ACTRAAZC

Obvemnoe (meepoomenvroe) npedcmasieHue
AFENFOUECCOF

e w é
ACTRAAIC

Puc. 25.2 Pacuetnas ACTPA-monens TpyOonpoBoaa (pa3Mepsl — B MM)
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25.4 Pe3yabTaTsl

Ha puc. 25.3 noka3aHbl cOOCTBEHHBIE JHMHEHHBIE NIepeMeleHus B onopax. Ha puc. 25.4
— 25.6 u B Tabnuie 25.1 npeacTaBieHbl peakMK B ONOpax JJsl pa3iINuHbIX COCTOSHUN BBICOKO-
TeMIIepaTypHOro TpyOonpoBoja, a Ha puc. 25.7 u B Tabnuue 25.2 — 3Ha4eHUs] PacYeTHOTO U3TH-
Oaromiero MOMEHTa B CEYEHUHU OTBOJIa TPYOOIIPOBO/IA.

Mepereuevan o FCE (ar) 31an 24« Bok warpyicd 0 pasoqee COCT ORI (0 iEs Tersiparypsa)

1000, 4.00,-0.01)

-2.00. <500, -0.01)

- =y é
ACTPAASC
Puc. 25.3 CoOcTBEeHHBIC IMHEHHBIC TIEPEMEIICHHUS B OTIOpax
Herpuygars waonope FLEZES (AL MMM (kH ) Pasouse COCTomme (waguan.Hes TeHnepaTyps).

138 -6.27.-36.62
A1 102.05.-11.11

138, 6,27, -32.19
100 94, 109,70, 1590

W é
ACTRAASC
Puc. 25.4 PacueTHble peakiuy onop B pabodeM cocTosiHIH 10 camopacTsukku, KH (kH-m)
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Harpyasid i onopes P1EZPT (k)L M2 M3 (kH), Pasowss COCTOARNNS [faia TuRsaa TaMNapaTYna)

B0, -3.64, 35.52
4339, 182.05, <1808

0,80, 364, -3219
101,94, 100,78, 9.22

" =y é
ACTPAAIC
Puc. 25.5 PacuetHble peakiiuu ornop B pabodyeM COCTOSIHUU Tocie camopacTsikku, KH (kH-m)

Harpyaked sa onape: F1LFZ P (k) M1 A2 T (kM) Xo000m08 COCTOAHME

1.24, 586, -35.53
4332 182.04. 2908

28, 5,85, 32,18
107,90, 109,79, <1488

» wy é
ACTPA-AIC

Puc. 25.6 PacueTHbie peakiiuu ornop B XOJI0JHOM COCTOSIHUHU Tocie camopacTsikku, KH (kH-m)
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Cunoeeie gaxrope B MCK: G Oy W' (=), ke by’ He' (kH*r). 31an 24 (HeuaneHos Terneparype)

L

172,345, 5.41 : : _./
=J0004 11443 12546
# N,

Puc. 25.7 PacueTHbIil m3rudaroIyii MOMEHT B cedeHnH oTtBoAa, KH (kH-M)

ALTPAAZC

Tabnuua 25.1
PacueTHbIe peakiuu onop

Peaxnu omop, kH
3, %
Cocrosaue Tpybonposoga | Amamuruueckoe | PAMIIA-93 ACTPA- ACTPA

pemenue [1] [2] ADC’2009 VSs.

[1]

PaGouyee 10 camopac- | X 1.34 1.36 1.38 2.98
TSKKA Y -6.09 -6.24 -6.27 2.96
Xomoauoe mocie camo- | X -1.26 -1.27 -1.29 2.38
PaCTDKKA Y 5.67 5.77 5.86 3.35

Taobmuma 25.2

PacuerHslil n3rudaromuii MOMEHT B CEYEHUN OTBOIA

Wzrubaromuii MomeHT, KH'M
o, %
Cocrosinue TpyOompoBoa AHaJIUTHYECKOE PAMIIA-93 ACTPA- ACTPA
pemenue [1] [2] ADC’2009 VS.
[1]
PaGouee 10 camopacTshKKu 31.10 31.95 30.84 0.84
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25.5 JIutepaTtypa

1. PTM 108.038.101-77. Tpy6onpoBo/ipl CTallMOHAPHBIX MAPOBbIX U BOJOTPEHHBIX KOT-
noB. Pacuet Ha camokomnencauuto, JI., HITO LIKTH, 1979.
JlonmonHenne K BepUPUKALMOHHOMY OTYETy mporpamMMmHoro cpencrsa “PAMITA-93”: omnenka
MPOYHOCTH BBICOKOTEMITEpAaTypHbIX TpyOorpoBogoB ADC mo mporpamme “PAMIIA-93”, C.-
[TerepOypr, 2003.
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IIpumep 26. Pacuetr TpyOONpOBOAHON cHCTEeMBbI Ha celicCMUYeCcKoe BO3/eiicTBHe 0
JINHEHO-CNEKTPAJIbHOM TEOPHH C Y4€TOM BBICIIMX COOCTBEeHHBIX GopM KoJieOaHmii (yueTa
"moTepAHHOI Macchl'")

1. R. Morante, Y.Wang, Reevaluation of regulatory guidance
on modal response combination methods for seismic response
HUcTounuk(un) spectrum analysis (NUREG/CR-6645), Brookhaven National
Laboratory, Dec 1999

2. ANSYS 12.0. Verification manual, 2009

Pacuer Ha celicMuyeckue BO3JECUCTBHUS, 3aJaHHBIE CIEKTPOM
yckoperuid. Omniusi yyeta/HeydeTa «IOTePSIHHON Macch»

Tun 3agaun

Tun(pl) BepuduuUpye-
MBIX 3JIEMEHTOB
Bxoauoii daiia TEST26.dat

Ipsamas mpyba, omeoo (2ub, KoieHo), onopa oobwe2o uda

26.1 IlocTaHOBKA 321290

Paccmampusaemcs pocTpaHCTBEHHAS pa3BETBIICHHAS TPYOOIPOBOIHAS CUCTEMA, TIPH-
Be/leHHas B uctouHuke [1] u B Bepudukanmonnom otuere [IK ANSYS 12.0 [2, Bepudukamnmon-
HBI npumep 259, ctp. 735] (cm. takxke puc. 26.1), K KOTOPOMl MPUKIIAIBIBACTCS CEHCMUYECKOE
BO3/IeiicTBHE MO MIaTPOPMEHHON CXeMe, 3a/laHHOE B BUE OJHOKOMIIOHEHTHOT'O CIIEKTpa OTBETa
(yckopeHuit).

Tpebyemcs

1) ompenenuTh celicMHUUYECKHE HATPY3KH HA OMOPHI C YYETOM OMPEACTIIeMbIX HECKOJIb-
kuX (14-u) HU3MIMX COOCTBEHHBIX 4acTOT U (popMm KonebaHuii u BKjIaaa BeicuX GopM (“moTe-
PSHHOM MacchI”),

2) IPOBECTH CPABHEHHE C pe3ysibTaTaMH, MPUBEICHHBIMUA B UCTOYHUKE [1] 1 momyyen-
HbIMU 10 atTecToBaHHOMY [IK ANSYS [2].

Beu w RO -
E—h -, I _-}J._|_| JEM D (]

59, MISSING MASS WITH RIGID RESPONSES EFFECTS IN SPECTRUM ANALYSIS FOR BM3 PI

Puc. 26.1 PaccmarpuBaemas TpyOOnpoBOAHAS CUCTEMA
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26.2 Ucxoannle 1aHHBIE

T'eomempuyeckue xapaxmepucmuxu
» CopraMeHThI TpyO, COOTBETCTBYIOIINE IUIOTHOCTH MaTepuaia U PaguyChl TH-
0OB MpuBeICHBI B TaOimIe 26.1.

I'eomerpuueckue mapameTpsl TpyO

Tabmuma 26.1

Hapy>xHblil nuamerp Tonmuua crenku s, | Pagunyc ruba R [lorrocts
Tun ’ ’ Marepuaia,
D,, MM MM MM 3
KI'/M
1 88.90 5.486 114.3 11160
2 114.30 6.020 152.4 11844
3 219.08 8.179 304.8 13407
I'panuunvie ycnosus (onopui)
» 3amiemiieHus] B KOHIEBBIX y3nax 1, 2, 6. JluneitHble xecTkoctu omop: k; =
1.751 10" xkH/m, yraossie: € =1.751 10" kH-m/pan;
» ONUpaHHe 10 3aJJaHHBIM HAIPABJICHUSIM B MPOMEXYTOUYHBIX CEUCHHSIX (CM. MO-
nenp). Jluneitasie sxectkoctd omop: ky = 1.751-10" kH/m, k3 = 17510 kH/m.
Ilapamempuwr nacpy3xu
» CIeKTp OTBeTa (MOJYJIb), ONMMCAHHBIN B Taba. 26.2 u rpaduvecku NpeacTas-
JIeHHBIA Ha puc. 26.2; HanpaBlIeHUE MOIX0Aa CEHCMOBOIHBI — MO ocu Y (puc.
26.3).
Tabnuua 26.2
PacueTHblil ceiicMUYeCKuid CIIEKTp OTBeTa (MOIYJIh)
Yacrora f, I' a, 10JI4 g Yacrora f, I'n a, 10JI4 g
0.2 0.06 2.1 1.18
0.3 0.13 2.2 2.65
0.4 0.13 2.3 2.85
0.5 0.20 2.4 3.26
0.6 0.35 2.5 4.47
0.7 0.39 2.6 4.75
0.8 0.37 2.7 5.29
0.9 0.41 2.8 7.44
1.0 0.76 2.9 4.27
1.1 0.64 3.0 4.61
1.2 0.59 3.15 4.13
1.3 0.91 3.3 3.96
1.4 1.03 3.45 4.05
1.5 1.46 3.6 2.44
1.6 0.95 3.8 2.09
1.7 0.91 4.0 2.29
1.8 1.61 4.2 1.52
1.9 1.92 4.4 1.34
2.0 1.57 4.6 1.37
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Yacrora £, I'n a, 10JI4 g
4.8 1.36
5 1.31
5.25 1.69
5.5 1.27
5.75 1.04
6 0.76
6.25 0.76
6.5 0.69
6.75 0.7
7 0.74
7.25 0.7
7.5 0.67
7.75 0.66
8 0.61
8.5 0.75
9 0.6
9.5 0.69
10 0.61
10.5 0.7
11 0.59

S5aBHCHMMOCTE YCOROPEHKMA OT WaRCTOTELD

Yacrora £, I'n a, 10JI4 g

0.61

12 0.56
12.5 0.59
13 0.59
13.5 0.59
14 0.58
14.5 0.59
15 0.58
16 0.55
17 0.56
18 0.55
20 0.55
22 0.55
25 0.54
28 0.54
31 0.54
34 0.54

L I I L I I I I I I L UL L I I L LN I I R I I AR LN AN LS L L L LA L
1 2 3 4 5 6 T & 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 23 26 27 28 29 30 31 32 33 34
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26.3 PacuerHast MoaeJab

Pacuernas monens TpyOomnpoBogHOW cuctembl, noctpoeHHas B [IK ACTPA-A2C 2009,

COZIEPXKUT 4 CynepaJeMEHTHBIX Y314, 3 ydacTKa-cynepajaeMeHTa, 37 31eMeHToB, 144 nuHamuue-
CKHe cTerneHu cBoOoab (puc. 26.3 —26.4).

Ocegoe (numounoe) npedcmasienie

F. L
'TH]

L.

=%
e
Zg5nt

F.;\JJ-

Obvemnoe (meepoomenvbHoe) npedcmasieHue

NPEMFOLECCOR
i

ey
ACTR-ATC

Puc. 26.3. Pacuetnas ACTPA-monens (pa3mepsl B MM)
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s
A0Sd 0O 004 r

Fonim oo 0048 [r)

rIJ S4B 0D4E 908 [

Thoas o oeaiy

T T T T

= ¢

Puc. 26.4 PacueTHas auHaMu4ecKas MOJENb (PACIOIOKEHUE U BETMYMHA MAcC)

26.4 MeTtoasbl pacuera

14 HM3MIUX COOCTBEHHBIX YaCTOT U (hOpM KOJIcOaHU# ONpeaeIsUIUCh OJI0YHBIM METOIOM
Jlanmoma (3amana 6;10uHocTh =10, moTpedoBanoch 6 nuTepamuil).

CeiicMuueckuil pacueT BBITOIHSIICS 110 TUHEHHO-CIIEKTPAIbHOM METOAMKE C yueToM 14-u
COOCTBEHHBIX 4acTOT/PopM KoJeOaHui A1 2-X BAPUAHTOB:

1) 6e3 yueTa BKJIaa BeICIIUX QOPM;

2) ¢ yueToM OHbIX (“IIOTEpsSHHOM Macchl”).

26.5 Pe3yabTarthbl

PacueTHble HU3IIME COOCTBEHHBIE YAaCTOThI IPUBEACHBI B Tabauue 26.3, celicMuueckue
pEaKIuu B IBYX “KpUTEpPHAIbHBIX MEPTBBIX OMOpax — B Tadnwuie 26.4.

[IpoBonuTCs cpaBHEHHE C pe3yJbTaTaMd pacueToB, nmpuBeAcHHbIMH B [1] u mo IIK
ANSYS [2], ansa “nepBoro” BapuaHTa y4eTa “moOTEPSHHON Macchl”’, a TaKxke (U1 CIIpaBKu) — 6e3
y4dera HOTepsIHHOW Macchl (BKJIaAa BHICHIUX (GOpM).
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Tabnuua 26.3
CoOcTBeHHbBIE YacTOTHI KoeOauuii, I'n

, 3, %
Ne gacToTbl OtanoH [1] ANSYS [2] ACTPA-ADC’2009 ACTPA vs. [1]
1 291 2.9068 2.8935 0.57
2 4.39 4.3837 4.4387 1.11
3 5.52 5.5151 5.4727 0.86
4 5.70 5.7018 5.7123 0.22
5 6.98 6.9784 6.9791 0.01
6 7.34 7.3427 7.3272 0.17
7 7.88 7.8778 7.9095 0.37
8 10.30 10.3961 10.347 0.46
9 11.06 11.0623 11.051 0.08
10 11.23 11.2323 11.133 0.86
11 11.50 11.5321 11.636 1.18
12 12.43 12.455 12.415 0.12
13 13.88 13.9647 14.133 1.82
14 16.12 16.092 16.844 4.49
Tabmuna 26.4
Ceiicmuueckue peakuuu B ornopax, kH
bes yuera apdexra C yuerom a3 dexra
No MOTEPSTHHOM MacCChI MOTEPSHHOM MacChI 3, %

3 OTanoH ACTPA vs [1],
OTOpE! [1] y4eT IIOTEPSHHOMN
(y3na) ANSYS | ACTPA- | ANSYS | ACTPA- MACCEI

[2] ADC’2009 [2] ADC2009
Fx 0.0337 | 0.0304 0.0231 0.0308 0.0231 31.45
1 Fy 0.2140 | 0.0137 0.0145 0.2144 0.2244 4.85
F, 0.0244 | 0.0227 0.0209 0.0229 0.0209 14.34
Fx 0.1410 | 0.1376 0.1525 0.1379 0.1573 11.56
2 Fy 0.2254 | 0.0442 0.0511 0.2231 0.2384 5.76
F, 0.1103 | 0.1096 0.1137 0.1096 0.1138 3.17

MaxkcumanbHble pacxoxaeHus (oTanuus pe3ynbratoB no ACTPA-A2C 2009 ot uctod-
Huka [1]):
e 110 coOCTBeHHBIM yacToTaM OT 0 = 0.57% (mo Husmel dopme) m0 6 = 4.49%
(ua BoIcHIei 14-i hopme)
® 110 peaknusM B onopax 6 = 5.76% na 3naunmoit komrnonente (Y), 6 = 31.45%
Ha HE3HAYMMOU KOoMITOHEHTe (X).
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26.6 JlutepaTypa

1. R. Morante, Y. Wang, Reevaluation of regulatory guidance on modal response
combination methods for seismic response spectrum analysis (NUREG/CR-6645), Brookhaven
National Laboratory, Dec 1999.

2. ANSYS 12.0. Verification manual, 2009 (VM259).
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IIpumep 27. TpexMepHbIil pacyeT TeMNEPATYPHOI0 MOJIsi U TEPMOHANIPAKEHHOTO
COCTOSIHMSI OPTOTOHAJIBLHOI0 TPOHHUKOBOTO coennuenusi (ACTPA-CTAINO)

Hctounnk(u) 1. 3eakeBnuy O. MeToa KOHEYHBIX JJIEMEHTOB B TeXHHKE. M.
Mup, 1975, 539 c.

CrauuoHapHas 3a/1a4a TeII0ONPOBOJIHOCTH.

YTouHeHHbIN cTaTndeckuil pacuet temmeparypHoro HJIC

Tun(sl) Bepuduumupye- | O6bEMHBIN 20-y3710BOH MIECTUTPAHHBIN M30M1aAPAMETPUIECKOTO

MbIX 3J1eMeHTOB (KJ) ceMelncTBa

Bxoanoii ¢aiin TEST27.ast

Tun 3agaun

27.1 IlocTaHOBKA 321290

Paccmampueaemcs tpoitHuk (puc. 27.1), uMeromuil 3aJaHHYO IIOCTOSIHHYIO TeMIlepa-
Typy Ha BHYTPEHHEH IOBEPXHOCTH W IOABEPraroUIMiics KOHBEKTHBHOMY TEIUIOOOMEHY Ha
BHEIIIHEH [TOBEPXHOCTH.

Tpebyemcs onpenenuTh TOJIE pacrpeacsieHus Temneparyp B tene Tpoinuka U HIC,
BO3HHUKAIOIIEE OT UX JIEHCTBUS. Bepudukanus pe3yabTaToB 3aKIIOUASTCS B CPABHEHUU TAKOBBIX
C COOTBETCTBYIOIIUMHU pelieHus MU B arTectoBaHHOM [TK ANSY'S.

S ¥ —

3/

Puc. 27.1 'eomeTpuueckue napaMmeTpbl TPOMHUKA

27.2 Ucxoauble JaHHBIE

I'eomempuueckue xapaxmepucmuxu
» TapaMeTpbl OCHOBHOM TPyOBI (MaruCTpan):
O HapyxHbIil nuametp D = 325 mm;
O TOJIIMHA CTCHKU S = 13 MM;
O 1oJioBuHHAs giauHaA L = 750 mwMm;
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» mapameTpbl mTylepa (OTBETBICHUS):
O HapyxHbIi nuametp d =219 mwm;
O TOJIIUHA CTEHKH § = 7 MM;
0 mmHa l = 600 mm.

Dusuro-mexanuyecKue XapaKmepucmuxu
> wmomyis yupyroctd E = 2-10° MITa;
» kod¢p¢unuent Ilyaccona v=0.3;
> ILUIOTHOCTH Matepuana p = 7.8 T/M°;
» xo3(durmeHT terionpooaHocta k = 52 Bt/mM°C.

Ilapamempwl nazpy3ok/6030eticmauii
['pannuHbIe yCIOBUSA 3a]1a4U Menionpo8oOHOCmU
» TeMIepaTypa BHyTpEeHHEH MOBEpXHOCTH TpoiiHuKa; ¢ = 100 °C;
» KOHBEKTHBHBIN TEIJIOOOMEH Ha BHENIHEH moBepxHOCTH h = 750 Br/M>°C.

27.3 PacuetHasi moaeJsb (puc. 27.2)

B cuny cummerpum paccmarpuBaeTcsl 4 4acTh TPOMHHUKA C HAJIO)KEHHEM COOTBETCT-
BYIOIIIUX TPAaHWYHBIX yclIoBUM. Pacu€THas obnacte pazdouBanack Ha KD rekcarapuyeckoit dop-
MBI CO CTYILIEHHUEM B 30HE CThIKA IUTylLlepa U Maructpaiu. PasmepHocTs 3aaun cocraBuia 1332
aneMeHTa u 7239 y370B.

st perieHus 3a1a4u MPUMEHSITUCH CIIEAYIOIINE TUITBI KOHEYHBIX 3JIEMEHTOB:
= ACTPA-ADC — 00bEMHBIN IBAIIATUY3JIOBOM MIECTUTPAHHBIA HM30MApaMeTpH-
yeckoro cemeiicta (UITKD 20);
= JIK ANSYS — SOLID90 — crauronapHas 3ajada TeIIONPOBOIHOCTH;
= JIK ANSYS - SOLID186 — cratuueckuii pacuer tepmuueckoro HJ[C.

Pacuérnas KO-monens B [IK ANSYS kouseptupoBana u3 [IK ACTPA-CTA/IUO u ta-
KUM 00pa3oM MOJIHOCTBIO UAEHTUYHA 10 “ceTKe”.

KoppeKTHbII 1 5KOHOMUYHBIN MOAXO0/I, PEIOKEHHBIN B [1] CBOAUT MCXOAHYIO YIIPY-
I'YI0 3aJa4y JUIsl TPOMHUKOBOIO COEIMHEHUS K CyNEepIO3ULUN PEIEHUM UIsl /4 4aCTU C UCIIOJb-
30BaHUEM CBOMCTB IUKIMYECKOW CHMMETPUH U AaHTUCUMMETPUHN BO3/IEUCTBUM.
[TapameTpsl KOHEUHORJIEMEHTHOW Mojenu (puc. 27.2) pacuéTHoro (pparmMeHTa TPOMHHMKA BHIOM-
paroTcsi, UCXOAs U3 TPeOOBAaHUI TOUHOCTH OIpPENEICHHS] MECTHBIX TEMIIEpATyp U HaIPSDKEHUH B
30HE CThIKa (TOPJIOBHHBI) M aJ€KBATHOTO CETOYHOTO IMPEACTABICHHS ~CTEPKHEBBIX TOPIEBBIX
Harpys3oK, JUIMHBI IITYyIiepa U TpyOs! (yciioBHbIE pazmepsl — 1 > 2d, u L > 2D cooTBeTCTBEHHO).
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ACTPA-CTA/ IO

[ =20

ANSYS
ELEMENTS j ““
AUG 19 2009
10:50:53
Puc. 27.2 Pacuernas KO-Monens TpoitHuka
3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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27.4 Metoauka pacuéra

3agayva penrajiach B 2 3Tamna:

1) Ha mepBOM dTame OBLJIO OMPEAENICHO paclpeeeHUe TeMIepaTypHBIX MOJe (cTa-
[[MOHApHAs 3aj]auya TETUIONPOBOJIHOCTH) B TEJIe TPOHHUKA;

2) Ha BTOPOM JTare pemraercs 3ajada OnpeneicHus 00bEMHOTO yIpyroro TepMOHa-
NPsDKEHHOTO COCTOSIHUS OT TEMIIEPaTypPHOTO TOJIsI, OMPEAeIEHHOTO Ha TIEPBOM dTare U UMIIOp-
TUPOBAHHOTO KaK y3JIOBBIC 3HAUCHHS.

27.5 Pe3yabTarthl

[Tons pacnpeneneHue TeMrepaTyp Ha MOBEPXHOCTSIX TPOWHUKA M TIO TOJIIMHE CTEHOK
MoKa3aHbl Ha puc. 27.3 — 27.8.

Pacnpenenenne 3KBUBAJICHTHBIX HAINPSDKEHUH IO KpUTEpUIO MHu3eca oKa3aHo Ha puc.
279 — 27.12. [ns ycTpaHeHHs] BO3MOXHBIX pACXOXKIEHUW B pEAJIU30BAaHHBIX WH-
TEp/3KCTPANOJIALIUOHHBIX MPOLEAYpaxX COMOCTABIISIEMbIE HAIIPSHKEHUS ONPEAEISINCh U BbIBOIM-
auch B Toukax uaterpupoBanus UKD u SOLID186 (6e3 ocpeaHeHus B y3ibl).

CormocraBieHue pe3yJbTaToB MpoBeaeHO B Tadymie 27.1. MakcumanbHOE pa3indue 1o
pacuetHoi Temneparype coctaBuiao 0.01%, paznuune mo MakCUMallbHbIM 3KBUBAJICHTHBIM Ha-
npspkeHusM — 1,818%. DTo no3BosseT cyauTh 0 JOCTaTOYHOW aJeKBATHOCTU M TOUHOCTH 3aJI0-
’eHHbIX B nporpaMMHbIi Moayib ACTPA-CTA/IMO anropuTMoB pelieHus CTaluOHApHOU 3a-
Jlauy TEIUIONPOBOAHOCTH U pacuera Tepmuueckoro H/IC.
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ACTPA-CTA/ IO

CranmmMoHapHas safada TellonpoBOOHOCOTH .
Mone TeMIepaTyp

rpag, C
100.00

98.637 -
97.273 -
95.911
94 547
93.185
91.822 -
90.458
89.096 -
87.732 -
86.370 -
85.007 -
83.644 -
Y
ANSYS
NCODAL SOLUTION m
ALG 14 200%

3TEP=1 14:21:36

3un =1

TIME=1

TEME (RVG)

R3YS=0

IMN =83.649

aMe =100

#3,649 87.283 90,916 94.5%5 88,183
B5.466 89.1 92.733 100

Puc. 27.3 Pacnpenenenue TeMieparyp Ha BHEIIIHEH TOBEPXHOCTH
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ACTPA-CTAIMO
CranmmMoHapHas Bajatua TelIoIpoBOSHOCOTH
MNonme memMmepaTyp

ANSYS
HODAL SOLUTION
STEP=1
SUB =1
TIME=1
TEME {AVG)
R3¥5=0
SMN =83,5649
Sk =100
83.649 BY.283 90,916 94.55 98.183
85,466 B89.1 92.733 86.387 100

Puc. 27.4 Pactipenenenue tTeMrepatyp 1o TOJIIIUHE CTEHKA MarucTpajin
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ACTPA-CTAIO
CmaimoHap rpan, C
Mone meMo 100.00

ANSYS

AN

NODAL SOLUTION
AUG 14 2009

STEP=1 14:33: 26
SUB =1

TIME=1

TEMP [AMG)

BREYE=D

aMM =B3. 649

SM¥ =100

Puc. 27.5. Pactipeenenue TeMnepatyp Ha BHEIIHEHW MOBEPXHOCTH B 30HE COCTMHEHUS MAarucT-
paiu u WwTynepa

3A0 HUIL Cra/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 74




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

ACTPA-CTAJMO

ﬁ rpag, C
100.00

98.637
97.273
95.911
94.547
93.185
91.822
90.458
89.096
87.732
86.370
85.007
83.644

ANSYS

AN

AUG 18 2009
15:28:04

98.183
100

Puc. 27.6 Pacnpenenenue TeMreparyp o TOJIIHUHE CTEHOK B 30HE COSIMHEHUS] MarucTpaliy U
mryuepa, °C
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ACTPA-CTAINO

CranmMoHapHAasl Safjada TeIlIoNpOoBOSHO T rpag, C
Mone wTeMIepaTyp 100.00 -
98.637
97.273 -
95.911
94.547
93.185 -
91.822 -
90.458 -
89.096 -
87.732 -
86.370 -
85.007 -
83.644 -
ANSYS
MODAL SOLUTTION AN
AUG 14 20089

STEP=1 14:23:44

SUB =1

TIME=1

TEMP {AVE)

R3Y5=0

SMN =B3.649

SMX =100

Puc. 27.7 Pacnipenenenue temneparyp mo TOJLIMHE CTEHKH HITyLepa, °C
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ACTPA-CTAIMO

CranmMoHapHAasl Safjada TeIlIoNpOoBOSHO T rpag, C
Mone wTeMIepaTyp 100.00 -
ST 98.637
97.273 -
95.911
94.547
93.185
91.822 -
90.458
89.096 -
87.732 -
86.370 -
85.007 -
83.644 -
|-
ANSYS
NOGOAL IODLUTION m
AUG 14 2009
STEP=1 14:32:22
sup =1
TIME=]
TEMD LAVE)
REYE=(]
SMN =03. 649
EMX =100
B3.649 B7.283 80.916 94.55 56.183
85,466 89.1 892,733 96,367 100

Puc. 27.8 Pacnpenenenue Temieparyp Ha BHYTpEHHEN OBEpXHOCTH, °C
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ACTPA-CTAJIU
OKEMEANEHTHOe HampstkeHMe (Mubsec) SsKE  [fw Mlla
Harpywxalooupe emmMHmMuHbe (arxTops: 31.584
Termeparypa (C-C) 28.970 -
26.354 -
23.739
21.123
18.507 -
15.892 -
13.275 -
10.661 -
SSmaE, 8.0452 -
5.4296 -
2.8141 -
0.198¢66 -
z/|Y\\
Min/Max mo moul=sm muTerpupoeaHms 0.198669 / 31.5851 Ma
ANSYS
HODAL BEOLUTION m
AUG 14 Z00P
ETEP=1 14:34:43
8up =1
TIME=1
BEQV {AVG]
DMX =, 714E=-03
MM =2, 352
aM¥ =31.02
2.952 9.18% 15.42e 01
6.07 12.308 31.02

Puc. 27.9 DxBuBanentHele HanpspkeHus (Musec) Ha BHemHel noBepxHocT, MIla
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ACTPA-CTA/IMO

OKEMBAaJNIEHTHOE Ha
Harpyxaloupie emguH
TemmepaTypa (C-

Mlla
31.584

28.970
26.354
23.739
21.123
18.507
15.892
13.275
10.661
8.0452
5.4296
2.8141
0.19866

ANSYS
NODAL SOLUTION Atmﬂﬂﬂ‘?
SEmE-L 14:34:51
aup =1
TIME=1
SEQV (V)
OHY =, T14E=-03
gMN =2.952

aWy =31.02

.02

Puc. 27.10 DxBuBanenTHble HanpspkeHus (Mu3ec) Ha BHENTHEH TOBEPXHOCTH B 30HE COCTMHE-
HUSI MarucTpaly U MTynepa
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ACTPA-CTAIMO

e (Musec) Ss=xe

ANSYS

AN

AUG 14 2009
14:35: 50

HODAL SOLUTION

STEP=1
EUB =1
TIME=]
SEQV [AVG)
DMX =, 714E-03
8MNH =2Z.952
EMX =31,D2

2.952 2.189

15.426 21.664 27.901
6,07 12,308 14,545 24,782 31.02

Puc. 27.11 DOxBuBasnienTHbIe HanpsbkeHus: (Musec) Ha BHyTpeHHel noBepxHoctu, Mlla
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ACTPA-CTAIMO

SKENEBANSHTE
Harpy#xaromps
TermmepaTyy

0.19866

Max md | Touxam MHTerpHporpaHua 0, 198669 31.585

ANSYS

NODAL SOLUTIO

BEER=1

aup =1
TIHE=]

apov (AW
DM =.T148-03
BMN =2, 952
aMM =31.02

Puc. 27.12 DxBuBaneHTHbIe HanpspkeHUs (Mu3ec) Ha BHYTpEHHEH OBEPXHOCTHU B 30HE COEIU-
HEHUSI MarucTpainu u mryuepa, Mlla
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CpaBHeHHE pe3ybTaToB

Taomuua 27.1

ACTPA-ADC’2009

o
ConocrasJ/isieMble HapaMeTpbl ACTPA-CTAJINO ANSYS 0 (%)

Temnepatypa Ha BHCUIHCH MOBEPXHOCTH | ¢3 c14 /9190 | 83.649/91.910 | 0.006/0.01
MarucTpaiu, Tmin/Timax, °C
Temneparypa Ha BHOIIHCH MOBEPXHOCTH | g4 559 /9] g 90.551/91.910 | 0.001/0.01
HTynepa, Tmin/TmaXa C
MakcumaibHble SKBUBaJICHTHBIC (110 Mu-
3€Cy) HalpsOKEHUSI B 30HE COCIUHEHUS 31.584 31.020 1.818
MAarucTpajid U IITYLEPA, Gy , MIIa

27.6 JlutepaTypa

1. 3enkeBud O. MeToa KOHEYHBIX 2JIEMEHTOB B TexHuKe. M. Mup, 1975, 539 c.
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IIpumep 28. YTouHeHHBIH pacyeT OPTOrOHAJIBLHOIO CBAPHOI0 TPOWHHUKOBOIO CO-
ennHeHns Ha ctatuyeckue Harpysku (ACTPA-CTAZTHNO)

2. Gwalthhey R.C., Corum J.V., Bolt J.W. Experimental stress
analysis of cylinder-to cylinder shell models and comparisons
with theoretical predictions, Trans. Of ASME, J.Press. Vess.
Techn., 1976, 11.

3. 3enkeBuu O. Meros KOHEYHBIX 3JIEMEHTOB B TEXHHKeE. M.
Mup, 1975, 539 c.

Tun 3agaum YTounenHslii ctatnueckuid pacuer HJC neranei

Tun(s1) Bepudpuuupye- | Odonoueunvie 8-mu ysnosvie CIIKO; 16, 20-mu y3r06vie 06b-
MBIX 2JIEMEHTOB emnvle UKD

Bxoanoii ¢aiin TEST28.ast

Hcerounuk(u)

28.1 IlocTanoBKka 3a1a4u

Paccmampueaemcss  OpTOrOHAJIBHBIN  HEPABHOMPOXOAHOM TOHKOCTEHHBIM CBapHOM
TPOMHUK C 3a4UIICHHBIM MIBOM (pHC. 28.1). YUUTHIBAIOTCS CIENYIOLINE TUIIBI HATPY30K:
— BHYTpEHHEE JIaBJICHMUE;
— u3rubaroluii MOMEHT B IUTYIEpe U3 IUIOCKOCTH TPOWHHUKA,
— u3rularoluii MOMEHT B IUTYIEpe B INIOCKOCTH TPOHHUKA.

Tpebyemcsa onpenenuts i Kaxnaoro tuna Harpyskenust HJIC, MakcumanibHble Hampsi-
XKEeHUS U KO3 (PULIMEHThl HHTEHCU(UKALUN HaIPSXKEHUI.

[TpoBecTu cpaBHEHUE C JaHHBIMH SKCIIEPUMEHTAIBHBIX UccienoBanuii [1].

Puc. 28.1 I'eomeTpuueckue napameTpbl TPOMHUKA

28.2 Ucxoannlie 1aHHBIE

T'eomempuueckue xapakmepucmuxu (puc. 28.1)
» TapaMmeTpbl OCHOBHOM TPyOBI (MAaruCTpasn):
O HapyxHbIil nuametp D = 220mm;
O TOJIIMHA CTCHKU S = 2.2MM;
O moJjioBuHHas gianHa L = 381 mwMm;
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» mapameTpbl mTylepa (OTBETBICHUS):
O wHapyxHbIil nuametp d = 110mm;
O TOJIIMHA CTEHKH § = 1.1MM;
0 mmHal =272 MmMm.

Dusuxo-mexanuyecKue XapaKmepucmuru
> wmoxyns ynpyrocti E = 2-10° MITa;
» ko3¢ ¢unuent Ilyaccona v=10.3.

Ilapamempuol naepysku
» BHyTpeHHee nasienue p = 1 MIla;
» M3rU0AONIUIl MOMEHT B IITYLIEPE U3 TUNIOCKOCTH TPOHHHUKA M,,, =1 MH-Mm;
» W3rubarIrii MOMEHT B IITYIEPE B IIOCKOCTH TpoHuKa M,,,. = 1 MH-m.

28.3 PacueTHass MojaeJIb

B cuiy cummerpun pacematpuBaercs 1/4 gacte TpoiiHuKa (puc. 28.2) ¢ HalOKEHHEM
COOTBETCTBYIOIIMX TPAHUYHBIX YCIOBUU cUMMETpuH (aHTUCMMMeTpuu). Pacuernas obmacte
pa30uBaiach Ha KOHEYHbBIE IEMEHTHI PU3MATUYECKON (OPMBI CO CTYIIEHHEM B 30HE CTHIKOBKHU
HITyLEpa U MarucTpaiy.

Jlnis perieHus 3aauu MPUMEHSUIUCH CIIEIYIOIINE TUITBI KOHEYHBIX AJIEMEHTOB:
— 000JI04eUHbIE CyNEepIapaMeTpUYEcCKOro CEMENWCTBA ¢ MPOMEKYTOUYHBIMU Y3Jia-
MU, peaju3yollye runoTe3bl THMOILIEHKO;
— TpexMmepHble 16-TH y370BbIE H30MapaMETPUYECKOTr0 CeMENCTBa, 3 ClIos Mo TOJ-
II1HE;
— TpexMepHble 20-TH y3JI0BbIE H30I1aPAMETPUUECKOIO CEMENCTBA C MPOMEKYTOU-
HBIMH y3J1aMH Ha BEPTHUKAIbHBIX CTOPOHAX, 3 CJI0s MO TOJILIUHE.

Pa3mepHOCTh 3amaun 711 KXKIOTO M3 YKA3aHHBIX KOHEYHBIX JJIEMEHTOB NPHUBE/ICHA B
Tabimue 28.1.

[TapameTpsl KOHEUHORIIEMEHTHON MOJIENN PAcCUETHOTO (hparMeHTa TPOWHHUKA BEIOMPAJIHCH,
UCXO0As U3 TpeOOBAaHUI TOYHOCTH ONPE/ICNICHNS] MECTHBIX HAIPSKCHUI B 30HE KOHLIGHTPALIUH:
— unciao KD Ha noiryokpyXHOCTH ceueHus — 18;
— pa3Mep ci0s 3JIEMEHTOB, NPUMBIKAIOIIETO K JIMHUU CTBIKOBKM MarucTpalu U
wryuepa: 0.1-/rs ,rae r — paguyc TpyObl;
— koa¢pdunmeHt crymenus 1.1 (OTHoOLIEHHE MPOAOIBHBIX Pa3MEpOB ABYX CMEX-
HBIX CJIOEB KOHEUHBIX JIEMEHTOB B 30HE CI'YILIECHUS CETKH).

Kpomku (B 30HE MPUIOKEHHS MOMEHTHOW HArpy3Kd) MOJICIUPYIOTCS ABYMS pa3iny-
HBIMU CIIOCOOaMMU:
—  “MArKre” KpOMKH (MaTepuall OTHOPOIHBII MO0 BCEMY TPOMHUKY );
—  ‘“KecTkHe” KPOMKHU (MaTepHal JUisi IPUMBIKAIOLIET0 K TPAHUIIE CJI0s 3JIEMEHTOB
npuauMaercs B 10 pa3 Gosee xKeCTKUM, YeM ISl OCTaIbHON YacTH TPOHHUKA).

Tao0muma 28.1
PasmepHoCTh 3a1aun

Tun K9
O06os109euHbIC Tpexmepubie UTIKD | Tpexmepubie UITKD
CIK3I(8 y310B) (16 y3J10B) (20 y3J10B)
Yuclio y3/10B 6634 25864 32458
Yucj10 371eMEHTOB 2125 6213 6213
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(=10

Puc. 28.2 Pacuetnas KD-moznens Tpoitnuka (1/4 yacts)

28.4 Pe3yabTaThbl

Ha puc. 28.3 — 28.11 noka3zaHbl pacnpeie/ieHUs] paCyeTHBIX HaNPsHKECHUM NI BapuaHTa
16-tu y3n0Bbix UKD 1 “Msrkux” KpoMox.
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Pacnpeoenenue oy

ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

HOpHARLIGE Hanpameine Sx

" oT ,HCP'ICTBPIH BHYTPCHHET'O JaBJICHUA

v

=107, 616 / 45T, 787 Mha
-1608.15 / 393,479 MNa

Puc. 28.3 PacnipeneneHnue pacueTHbIX HANPSIKEHU

Harpy=saowme epqwiname §axTop
MAN/HAX [0 TOMKAN WHTSTPRPONANKA
MAN/HAX [0 TOMKAN WHTSTPRPONARKA

Dannenwe (C-C)

Harpy=saowme epqwiname  §akTop

HOpHAnLIoe Hanpameine Sy "

Dannenwe (C-C)
Y
\

86
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Hapyoicnas nosepxnocmo

HOPHARLIOE IAnpameie i
Harpy=saowme epqwiname §axTop
Dannenwe (C-C)

w
]
o
b

159 9%
11861
71425
27,244
-16, 938

61119

L] | | [N

10% . 20

Buympennss noeepxnocmu

HOPHARLIOE IAnpameie i
Harpy=saowme epqwaname §aw
Dannenwe (C-C)

Min/Max

Puc. 28.4 PacnipenienieHre KOMIIOHEHT PACUETHBIX HANPSKEHUH Gy B 30HE CTBIKOBKH MarucTpain
u mwrynepa. CuiaoBoit ¢pakTop — BHYTpEHHEE JaBJICHUE
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Hapyoicnas nosepxnocmu

HOpHAnLIoe Hanpameine Sy " Wlla

334,82

Jl&:\n-un- u::;}

293,05
251,58
SIS T

]

16866

Buympennss noeepxnocmu

HOPpHARLNOS HanpHwseine 5|
HATpY=AMAS  STWHNT RS
Manneswe (C-C)

MMla
334,82

293,05

251,58
SIS T

]

16866

Puc. 28.5 Pacnpenienenrie KOMIIOHEHT PACUYETHBIX HANPSKEHUH O, B 30HE CTBIKOBKH MaruCTpan
n mrynepa. CuioBoil hakTop — BHyTpeHHEe JaBJICHUE
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Pacnpeoenenue oy

HOpHARLIGE Hanpameine Sx

pebddningiy -1-;:-mpu na cTM TpoiHMKa (AST)

¥

<

MAN/HAX N0 TOUKAN MHTOTPHpORANWA -3 S645TE=006 / ¥ S645TE+006 Mla

Pacnpeoenenue o,

HOpHAnLIoe Hanpameine Sy "

pebddningiy -1-;:-mpu na cTM TpoiHMKa (AST)

¥

<

Hin/Hax no Tomean F =3.TATIIE #2787 HIla

MMla
EEERR U

FOI0IE0T

L1BZATESOT
12185E«07

BL2ITE-D6

40618E+06
o oooa
- 40E1IHESOR
=.B123TE+06
=.12185E+07
- 16247E+07
- FOBOOE0T

- 24371E+07

MM
4124w« 07

FRATTIE0T

SRTVSVE+0T
1T062E+07
11375E-07
SEBTAE-DG

o oooa

- SERTAR+06
- 11375E+07
=, 1T062E+07
—. 22750407
- FHAFZTE0T

= 34124E+07

Puc. 28.6 Pacnipenenenue pacueTHBIX HAMPSHKEHUH OT IEHCTBUS NU3THOAIOIIET0 MOMEHTA B IITY-

1epe U3 MIOCKOCTH TPOHHHUKA
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HOpHARLIGE Hanpameine Sx

Har L e
MOMERT B OETYLEpE MY NACCKOOTH TpoRmaea (AST)

HOpHARLIGE Hanpameine Sx

Min/Hax no Tomkan

MOMERT B OETYLEDE HY NRCCKOSTH TPORKM,

Hapyoicnas nosepxnocmo

Buympennss noeepxnocmu

MMla
ELETRT TN

21418E+07
1E465E+07
15513E«07
12560E-07
607 LE+ 06
GELLAE D6
F1016E+06
74884 .0
=.22039E+06
~ BISGTE-0G
HLOBAES 06

- 11062E+07

MMla
ELETRT TN

21418E+07
1E465E+07
15513E«07
12560E-07
607 LE+ 06
GELLAE D6
F1016E+06
74884 .0
=.22039E+06
~ BISGTE-0G
HLOBAES 06

- 11062E+07

Puc. 28.7 PacnipenieneHrie KOMIIOHEHT PacueTHBIX HANPSKEHUH Oy B 30HE CTBIKOBKM MarucTpain
u mrynepa. CuioBoi GakTop — M3THOAIONIMI MOMEHT B IITYIIEPE U3 TUIOCKOCTH TPOHHUKA
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HOpHAnLIoe Hanpameine Sy "

Hapyoicnas nosepxnocmu

HMoment B s

HOpHAnLIoe Hanpameine Sy "

Buympennss noeepxnocmu

HMoment B s

15

Min/Hax no Fomean W

MMla
34124E.07

FALHGESOT

- ZAZGBE+DT

S 19340E-07

- L4412E+07

- H4B43E+0E
ASLE3E+D6

~371168. 0

=.5299TE+06
=.10228E+07
—-15156E+07
= #00BAE+07

= PR01FE+07

MMla
34124E.07

FALHGESOT

- ZAZGBE+DT

S 19340E-07

- L4412E+07

- H4B43E+0E
ASLE3E+D6

~371168. 0

=.5299TE+06
=.10228E+07
—-15156E+07
= #00BAE+07

= PR01FE+07

Puc. 28.8 Pacnpenienenrie KOMIOHEHT PACUYETHBIX HANPSKEHUH O, B 30HE CTBIKOBKH MaruCTpan
u mrynepa. CuiioBoi GpakTop — M3TUOAONIMI MOMEHT B IITYIIEPE U3 TUIOCKOCTH TPOHHUKA
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Pacnpeoenenue oy

HOpHARLIGE Hanpameine Sx M

THETREOG

HIrMOA0NMA HONERT B ETYLEDe B OHOCKG

6573006
CARLSBAESOE
3943BE«06
2629TE06
13146806
~ A125%0E-01

= 13146E+06

26292E+06

i

FNATIBEAO6

S25B4E-06

- BSTI0E+06

- THETGE+0R

>|'

Min/Hax o ToNKAM HHTETREHPORaRWA -B49763 / B49763 Mila

Pacnpeoenenue o,

HOpHAnLIoe Hanpameine Sy " Wlla

G2TIRES D6

u::-xdm-;u\ MOMEHT B mmrp; B Onoc
TT1213R+06
-G1BLBE+06
A6IGAE-06
I0909E+06
15455E+06
31250E-01

< 15488E+06

FO0IE+06

i

ARIGAESD6

GLBLBE-DE
= TIZ13E+06

= 92TIREL06

>|'

Min/Max no Toukan =1.021 / 1. 07146E+006 MMa

Puc. 28.9 Pacnipenenenne pacyeTHBIX HAPSHKEHUH OT JEHCTBUS M3THOAIOIIETO MOMEHTA B IIITY-
Lepe B INIOCKOCTH TPOMHUKA
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Hapyoicnasa nosepxnocmo

MOpRANLIOS WanpHwcie Sx
HAPpY=ARMMS AIWHNTHS §ARTOPM
HIrMOA0MMA HOMERT B OETYLeDs B OAOCKOCTH Tpolkmka (C-Ad

Buympennss noeepxnocmu

HOpHARLIGE Hanpameine Sx
Harpy=aoume aquHuiie §akTop
HOrHGAOMR HONERT B ETYLEDS B RO

Hin/Hax Mo TOMKAN HHTETPHPORARKA

MMla
TEETRE 06

ERNEOR 06
G1084E+06
SZ1BBE+06
A3291E«06

J4IEE-06

FRAVIES DR
TR T —

TT06L. O

=11902. 0

- 100BLE+DG

SETTET TS

PTRIVESDR

MMla
TEETRE 06

ERNEOR 06
G1084E+06
SZ1BBE+06
A3291E«06

J4IEE-06

FEAVVES DR

=

1EEDIE 06
TT06L. O
=11902. 0
- 100BLE+DG

SETTET TS

FTETVES DR

Puc. 28.10 Pacnpenenenne KOMIOHEHT pacyeTHBIX HAIIPSDKEHUN Oy B 30HE CTBIKOBKU Marucrpa-
u u mrynepa. CuioBoid (pakTop — U3ruOaronMii MOMEHT B IITYIEpe U3 TUIOCKOCTH TPOMHUKA
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Hapyoicnas nosepxnocmu

HOpHAnLIoe Hanpameine Sy "

u::mmmm ;m, ) -wmp;- B nEocRosTH Tpodmmca (C-A)

Buympennss noeepxnocmu

HOpHAnLIoe Hanpameine Sy "

u::mmmm ;m, ) -wmp;- B nmpoo)

[.

Hin/Hax no TouKAN WHTSTRHPORANKA

MMla
47106

BOZSOE+06
SETTH0E«DE
BEIZLEDG
-42B53E+06
~30IBLE+0E

TI915E406

544620
=70226.0
=.19401E+06
—.319G0E+06
= AS429E-05

EEERETET N

- LEROHEO6

MMla
47106

BOZSOE+06
SETTH0E«DE
BEIZLEDG
-42B53E+06
~30IBLE+0E

TI915E406

544620
=70226.0
=.19401E+06
—.319G0E+06
= AS429E-05

EEERETET N

- LEROHEO6R

Puc. 28.11 Pacnpenenenne KOMIIOHEHT PaCYETHBIX HANIPSXKEHUH Oj B 30HE CTBIKOBKM Marucrpa-
mu v mrynepa. CruiioBoid (hakTop — U3rudarmuii MOMEHT B IITYIEPEe B TUIOCKOCTH TPOWHUKA
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max

o
Koa¢ppunuent unrencudukanuu Hanpsoxenuit (em. [1]) e, = ,

HOM

rae o, — MAaKCUMAaJIbHBIC HAIIPSIKCHUA B 30HE PE3KOI0 U3BMCHECHUA I'COMETPUU;

m

Mym Mxm 1 4
O o= = = —=9.76-10"MIla HOMWHANILHOE HANPDKEHUE IS
W, W, 1.025-10

m

Clly4aeB Harpy>Ke€HHs U3rnOaloMMMU MOMEHTAMU B LITyLiepe TPOUHUKA My, ¥ My,

ws(d -s)’ _7-0.0011(0.11-0.0011)°

W, =
4 4

=1.025-10"° M’ — MOMeHT CONPOTHUBIICHUS

HITy1epa.

B tabnuue 28.2 npeacTaBieHbl MAKCUMAJIbHBIE PACYETHBIE HANPSIKEHUS U KOd(hUIm-
€HTbl HHTEHCU(UKALUK Ul Pa3IMuHbIX BapuaHToB KD-Mozenu U pa3inyHbIX TUIIOB Harpysok,
IIPOBOAMTCS COIIOCTABIIEHUE pe3ysbTaToB, Moayd4eHHbIX B ACTPA-ADC 2009 (nporpaMMHbIN
moayis ACTPA-CTA/INO), ¢ pe3yibratamMu SKCIIEPUMEHTAIBHBIX UCCIIETOBaHUM [ 1].

B Tabmuue 28.3 ans cpaBHEHUS NMPHUBEICHBI PE3yJbTAaThl JJIS PAa3lIUYHBIX CIIOCOOOB
MIPUBEICHUS HANPSHKEHUN B Y3J1bl B TpexmepHoit KO-monaenu.
Tabnuua 28.2
PacueTHble MaKcUMabHbBIE HAMPSDHKEHUS U KOA(D(PUIIMEHTH HHTEHCUUKALIUN

Msrkite” KpacBbIe y OB Kos¢ppuunenTol nHTEHCH PUKA-
Harpy- MakcumajbHbIe T3 HAPSACHUH
Ne ;1:;1::(1;101;)1/1 Tun K9 Haﬂll)\i/})ll;flﬂl/lﬂ, ACTPA- I?:;:E; .
CTAAUO (1] ’
O6ii0ueuHbIe Ox 437.3 -
CIIKS o, 396.5 -
1 BryTtpennee TpexmepHsble Ox 424.9 -
nagnenue | UITKD (16 y3noB) | o, 334.5 -
TpexmepHbie Ox 398.9 -
UTIKD (20 y3n0B) | o, 344.6 i,
6
o, . .
Vsru6ato- OGOS%IE;HHe 2.098 106 4381 36.26
U_H/Iﬁ MO' O-y 4.693'106
MEHT B TpexmepHble Ox 2.437-10
2 wrrynepe u3 | UKD (16 y3nos) | o, 3.412-10° 349 35.3 1.13
MIOCKOCTH 6
N TpexmepHbie Ox 1.761-10
OiHMKa 30.0 15.01
TpoHHH UIIKD (20 y3nos) | o, 2.926-10°
5
o, . .
VsruGaro- O6Jé(;[l}e<‘glble 7.970 106 2.1 21.00
U.U/H\/'I MO- O-y 1183105
MEHT B TpexmepHbIe Ox 7.888-10
3 wryuepe B | MITKD (16 ysnos) | o, 9273-10° 95 10.0 5.00
TUIOCKOCTH 3
9 TpexmepHbie Oy 6.381-10
TPOMHHKA 7.9 21.00
P UTIKD (20 y3noB) | o, 7.674-10°
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“XKectkne” KpaeBble YCJIOBHS

Ko>¢ppuuneHTsl KOHIEHTPALNH

Harpvskamommii MakcumajabHbIe HANpPILREHIH
Ne Py Hl Tun K9 HANPSKEHU T, IKcIe-
(axTop MIla ACTPA- pument | 8, %
CTAIHO > 70
[1]
O06nouyeuHbIe 3274 -
CIIKD 327.7 -
TpexmepHbie 445.8 -
| | BHyrtpennee UTIKD (16
JaBIIEHUE y3I10B) 344.8 -
TpexmepHbie 409.2 -
HIIKD (20
Y31108) 340.3 -
O060104eYHbBIE 2.104-10°
CIIKD 1.626.10° 47.4 34.28
Wsrubarommii TpCXMepHHe 2.430- 106
5 | MOMeHT B mTy- UIIK? (16 P 34.8 353 1.42
epe 3 IWIOCKo- y3110B) 3.394-10 ’
HIIKD (20 6 29.8 15.58
y3710B) 2.911-10
O06nouyeuHbIe 7.550-10°
CIIKD L189.10° 12.2 22.00
Wsrubarommii TpCXMepHHe 7.868- 105
3 | MOMeHT B ITYy- UKD (16 5 9.5 10.0 5.00
1epe B II0CKO- y3710B) 9.235-10 :
HIIKD (20 5 7.8 22.00
y3710B) 7.643-10
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Tabmauua 28.3
PacueTHble MakCHMaJIbHbBIC HANIPSDKEHHS IIPH PA3JIMYHBIX CIIOCO0aX MpuBeACHUs B y3ibl, MIla

“Msirkue” KpaeBble yCJI0BHs

BHyTpenHee naBieHue

M3rubaromuii MOMEHT B IITYLEPE U3 IIOCKO-

CTH TPOIHUKA

H3rubatonuii MOMEHT B IITYyIEpe B INIOCKOCTH
TpoiHuKa

HNIIKD 16

HIIKD 20

HIIKD 16 WIIKD 20

HWIIKD 16

HNIIKD 20

O

9y

O

9y

o o o

x y x

Oy

O«

Oy

O

gy

C Becamu
10 TOYKaM
HHTETPHPO-
BaHus 6e3
OCPEIHEHUS

440.6

362.9

399.0

344.6

2.479-10° | 3.545-10° | 1.761-10° | 2.926-10°

8.162-10°

9.709-10°

6.381-10°

7.674-10°

C Becamu
10 TOYKaM
HHTETPHPO-
BaHMA C
OCpE/IHeHU-
eM

424.9

3345

399.0

337.9

2.437-10° | 3.412-10° | 1.761-10° | 2.926-10°

7.888-10°

9.273-10°

6.381-10°

7.674-10°

Makc. o
MOJTyJIb
3HAYCHUE B
KD 6e3
OCpeJHeHNUs

457.3

393.5

464.3

403.9

2.565-10° | 3.738-10° | 2.323-10° | 4.208-10°

8.493.10°

1.021-10°

8.111-10°

1.134-10°

Tlo G-
JKanten
TOYKE HH-
TErpupoBa-
Hus Oe3
OCPEAHEHUS

457.3

393.5

464.3

403.9

2.565-10° | 3.738-10° | 2.323-10° | 4.208-10°

8.493.10°

1.021-10°

8.111-10°

1.134-10°

TTo G-
JKarTen
TOYKE MH-
TErpupoBa-
HUS € OC-
peHEeHHEM

4573

3935

455.0

386.1

2.538-10° | 3.707-10° | 2.323-10° | 4.184-10°

8.471-10°

1.021-10°

8.099-10°

1.127-10°

Maxkcumym

10 TOYKaM

HHTETPHPO-
BaHUS

457.3

3935

464.3

403.9

2.565-10° | 3.738-10° | 2.323-10° | 4.208-10°

8.493.10°

1.021-10°

8.111-10°

1.134-10°

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009

97




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

“JKecTkue” KpaeBbIe YCJIOBUS

BHyTpeHHee naBieHue

M3rubaroimuii MOMEHT B IITYLEPE U3 TNIOCKO-

CTH TPOIHMKaA

W3rubaromuii MOMEHT B IITYLEPE B INIOCKOCTH
TpOHHHUKA

HUIIKD 16

HNIIKD 20

HUIIKD 16 HNIIKD 20

HNIIKD 16

HNIIKD 20

o

X

Oy

o

X

Oy

(o o o)

x y X

Oy

o

X

Oy

o

X

Oy

C Becamu 110
TOYKAM
HHTETPUPO-
BaHus 6e3
OCpeTHEHHUS

462.5

375.2

409.2

348.8

2.473-10° | 3.526-10° | 1.759-10° | 2.911-10°

8.139-10°

9.673-10°

6.368-10°

7.643-10°

C Becamu 110
TOYKAM
HHTETPHUPO-
BaHMs C
OCpeIHeHHU-
emM

445.8

344.8

409.2

340.3

2.430-10° | 3.394-10° | 1.759-10° | 2.911-10°

7.868-10°

9.235-10°

6.368-10°

7.643-10°

Makec. o
MOJyJIb
3HAa4YEeHHUE B
KD 6e3 oc-
peJHEeHHs

479.8

407.7

482.2

425.8

2.558-10° | 3.718-10° | 2.318-10° | 4.186-10°

8.466-10°

1.018-10°

8.086-10°

1.130-10°

TTo Gumkaii-
LIeH TOYKe
HHTETPHUPO-
BaHus 6e3

OCpeTHEHHUS

479.8

407.7

482.2

425.8

2.558-10° | 3.718-10° | 2.318-10° | 4.186-10°

8.466-10°

1.018-10°

8.086:10°

1.130-10°

TTo Gumkaii-
mei Touke
HUHTETpUpo-
BaHUs C
OCpe/IHEeHH-
eM

479.8

407.7

472.4

420.9

2.531-10° | 3.688-10° | 2.318-10° | 4.163-10°

8.467-10°

1.018-10°

8.083-10°

1.123-10°

Maxkcumym

10 TOYKaM

UHTETPUPO-
BaHUS

479.8

407.7

482.2

425.8

2.558-10° | 3.718-10° | 2.318-10° | 4.186-10°

8.466-10°

1.018-10°

8.086:10°

1.130-10°

28.5 JlutepaTtypa

1. Gwalthhey R.C., Corum J.V., Bolt J.W. Experimental stress analysis of cylinder-to
cylinder shell models and comparisons with theoretical predictions, Trans. Of ASME, J.Press.
Vess. Techn., 1976, 11.
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IIpumep 29. YTo4uHeHHBbINI pacyeT KPUBOJIHHEHHOH TPyObl ¢ NMPHUMBIKAIOIIMMH
NPAMBIMH yuyacTkamu (ruda) Ha cratudyeckune Harpy3ku (ACTPA-CTAANO)

1. HopMbl pacdera Ha MPOYHOCTH 00OPYIOBaHUS U TpyOompo-
BOJIOB aTOMHBIX dHepreTuyeckux ycrtaHoBok (ITHAD I'-7-002-
86)/ T'ocatomduepronanzop CCCP. — M.: DHeproaToMusar,
1989.

2. PTM 108.020.01-75. Pacuer TpyOOIIpOBOAOB aTOMHBIX 3JIEK-
TPOCTAHIMI HAa IPOYHOCTb.

Tun 3agaum YTounenHslii ctatnueckuid pacuer HJC neranei

Tun(s) BepudpuuUpye-
MBIX 3JIEMEHTOB
Bxoanoii ¢aiin TEST29.ast

Hcerounuk(u)

Obonoueunvie 8-mu y3nosvie CIIKO

29.1 IlocTanoBKa 3a1a4u

Paccmampusaemcs KpUBOIUHEWHBIH y4acTOK TpyOONpOBOia € IUNIABHO CONPSKEHHBIMU
IPUCOEAVHEHHBIMU NPAMBIMU TpyOaMu (THYTBIH OTBOJI, cM. puc. 29.1). YuuteiBaroTcs cie-
JYIOLME TUIIBI Harpy30K Ha OTBOJ:

—  M3rubaroUIii MOMEHT U3 MJIOCKOCTH;
— M3rubaroLIi MOMEHT B IJIOCKOCTH.

Tpebyemcs onpenenuTh AN KXAOTO U3 yKazaHHBIX TuUoB HarpyxeHus HJC, makcu-
MaJIbHbIC HANPSDKEHUS, KOG UIIMEHTH HHTEHCU(UKAIMK HaNpspkeHu. [IpoBecTH cpaBHEHUE C
naHHbiMu, npuseaeHHsiMu B PTM 108.020.01-75 [1].

Puc. 29.1 'eomeTprueckue XxapakTEpUCTHKHN ruoda

29.2 Ucxoannle 1aHHBIE

TI'eomempuyeckue xapaxmepucmuxu
» HapyXHbII quamertp TpyOost Dy = 325 mwm;
> TONIMHA CTeHKHA S = 10 MM;
» JUIMHA TPsSMOTo ydacTka (mpuMsblkaromas tpy6a) L = 630mwm;
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» pamuyc ruda R = 450mmM;
» yrou pactBopa = 90°.

Du3uKo-mexaHuueckue xapaKmepucmuxu
> wmoxyns ynpyrocta E =2:10° MITa;
» ko3¢ ¢unuent Ilyaccona v=0.3.

Ilapamempuol naepysku
» u3ruOaroumMii MOMEHT U3 IIockocTH otBoaa My, =1 MH-m;
> U3rubaroluil MOMEHT B IU1ockocTu otBona M, = 1 MH-m.

29.3 PacueTHast MoaeJIbL

Ucnoneiyercs ob6onoueunas KO-monens (CIIKD 2-ro mopsiaka TOYHOCTH), MpPEACTaB-
JIeHHas Ha puc. 29.2.

PaccmarpuBaercs 1/4 wacts oTBona (puc. 29.3), cTaBATCS TpaHUYHbBIE YCIOBUS CUMMET-
pYUY WM QHTUCUMMETPHUH B 3aBUCUMOCTH OT TUTIA BO3/ICHCTBHSI.

[TapameTpbl KOHEUHOIIEMEHTHON MOJEIN pacy€THOTO (parMeHTa BHIOMPAIOTCS, UCXO-
I U3 TpeOyeMOoil TOUHOCTH MpPEICTaBICHHsI TOPLIEBbIX HAIpy30K M MHTEHCU(UKALUU HAIpsKe-
HUU:
O uyucino KD Ha nonyoKpyKHOCTH cedeHUsl — 24;
O pasMep ci0s JIEMEHTOB Y JINHUU CONPSIKEHUS NPSAMOJIUHENHOTO U KPUBOJIM-

HeltHoro yuactkoB: 0.1-/rs , tae r = D, /2 — paauyc TpyOs;
0 kodhduuueHt crymenus 1.2 (OTHOLIEHHE pa3Mepa JBYX CMEXKHBIX CIIOEB KO-
HEYHBIX HJIEMEHTOB B 30HE CTYLICHUS CETKH).

PaszmepHocThb 3aaun coctaBmia 1032 snementa u 3231 y3noB

[IpuMeHnstoTCsl 1Ba BapuaHTa MOJACIMPOBAHUS KPOMOK B 30HE MPHIIOKEHUSI COCPEAO0TO-
YEHHOW CTAaTUYECKOW HArpy3KH:
0 “‘msrkue” (MaTepuasn OJHOPOJHBIN MO BCEH AeTalN);
O ‘“KecTKue” (ECTKOCTh MaTepuaa Jjisi IOrPaHUYHOIO CIIOs DJIEMEHTOB Oepercs
B 10 pa3 GosbLieii, 4eM aJs OCTaIbHON YacTH JeTaH).
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Puc. 29.2 Pacuetnas obonoueunas K9-monens (ACTPA-CTAINO)

Puc. 29.3 ®parment K3-monenu (1/4 gactp)
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29.4 Pe3yabTaThl

Hapyoicnas nosepxnocmu

Min/Max mo Touxamn uBEEerpuporaHmMa -21029.4 22351.8 a

Puc. 29.4 PacueTHble NpO0IbHBIE HAMIPSKEHUS (Ox) OT ACHCTBHSI M3THOAOLIEr0 MOMEHTA U3
wiockocTy otBoa, Mlla. BapuanT "Markux" kpomok
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Hapyoicnas nosepxnocmu

Puc. 29.5 PacueTHble OKpYKHBIE HANIPSKEHUSA (Gy) OT I€HCTBUS N3rHOArOIEr0 MOMEHTA M3
mwiockoctu otBoAa, MIla. BapuaHT «MATrKux» KpoMOK
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Hapyoicnas nosepxnocmu

Puc. 29.6 PacueTHbie poa0bHBIC HAPSOKEHUS (Ox) OT JEHCTBUS U3THOAIOIIET0 MOMEHTA B
IJIOCKOCTH 0TBOJA, MIla. BapuaHT «MATKuX» KpOMOK
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Hapyoicnas nosepxnocmu

N

—
—

Y
e,
7

B
L
N
.....

77
OO0,

'—Jz 1§
upopaunss -§270.38 / 6628.6 Mla
Puc. 29.7 PacueTHble OKpY KHbIE HAPsKEHUS (Gy) OT JIeHCTBUSA U3rHOAIONIEro MOMEHTA B I1JI0C-

Min/Max no ToukaM MHTET P!
kocTu oTBOoAa, MIla. Bapuant "Markux" KkpomMox
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Ha puc. 29.4 — 29.7 nokasassl pacnpeneaeHuss pacueTHbIX NPOAOIbHBIX U OKPYKHBIX
HaIpsDKEHUH Ha HApY’KHOM M BHYTPEHHEH MOBEPXHOCTSAX OTBOJA JJIS BapHaHTa “MATKUX’ Kpo-
MOK. HanpsikeHust IpuBOASTCS K y3/1aM CyMMHPOBAaHUEM C BECAMM 110 TOUKaM MHTEIPUPOBAHUSA,
11t Habopa 3JIEMEHTOB, BKJIIOYAIOIINX KOHKPETHBIN y3el, Oepercs cpenHee apupMeETHUECKOe
3HAUEHUE HANPSIKCHUMN.

Ha puc. 29.8 anst cpaBHEHUS MpHUBENEHBI paclpeieieHns] HaPsHKEHUH OT W3rHbaromie-
ro MOMEHTa B IUIOCKOCTH OTBOZA IPU Pa3INYHbIX “aJIbTEPHATUBHBIX BapHAHTaxX NPHUBEICHUS
WX B y3JIBL:

a — .CYMMHPOBAaHHE C BECAMU 110 TOUKaM MHTETPUPOBAHUS, OCPEIHEHUE;

0 — makcumainbHble 3HaueHus B KO ¢ ocpennenuem;

B — MakcuMalbHble 3HaueHus B KO 6e3 ocpenHeHus;

T — 1o OrKaifieit Touke HHTErpupOBaHUs 0€3 OCpeTHEHHS.

Min/a e wousse maver g - ANTE ET /433104

Puc. 29.8 ConocraBienue pa3inyHbIX cIOCOOOB MPUBEIEHNUS PACUETHBIX HANPSKEHUH B Y3JIbI

B tabnuue 29.1 npuBeneHbl MakcUManbHbIEe (IO MOJYJIIO) MPOAOJIBHBIE (Cx) U OKPYXK-
Hbl€ (Gy) pacueTHble HanpsbkeHus, nonydeHHslie B [IK ACTPA-A2C 2009 no npocTpaHCTBEHHOM
o0oJoyeueyHoil Moenu oTBoja (ruba), Ui ABYX BapHaHTOB MOAEITUPOBAHUS PabOTHI KPOMOK

99 <€,

NP MPUIIOKEHUH K HUM CTaTHYECKON HArpys3ku (“msarkue”, “xectkue”).
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Tabnuua 29.1

Tuno monenu-
Harpy»xenue poBaHMsl Kpo- | MakcumanbHble HanpskeHus (1o Moayo), MIla
MOK
. . Ox 7850.6
. MSTKHE
H3rubarommii MOMEHT 13 Oy 8443.8
IUIOCKOCTH OTBOJIA . ., Ox 8324 .5
KECTKHE
Oy 9224.6
« " Ox 4858.6
MSTKHE
M3rubarommii MOMEHT B Oy 8155.3
IJIOCKOCTH OTBOJA « . Ox 4764.1
KECTKHE
Oy 7987.8

CpaBHenue ko03(pPUIMEHTOB MHTEHCU(UKAIMU HANpPSDKEHUM MPOBEACHO JUIS clyyas
HarpyeHus: U3rudaroIiiM MOMEHTOM B IIJIOCKOCTH T'H0a.

Koadpounuent nuTeHcupukanuu HanpsokeHui (eM. [1])

(o)
o = mex
c
O on
rac:
O, — MAKCHUMAJIBHBIC HAIPSIKCHUA B 30HC PC3KOT'O U3MCHCHUS I'COMCTPHH,
M 1

Ouomn=—=—— - —;=1314.1 MIla — HOMUHa/IbHBIE HANPKEHUs A Cllydas Harpy>KEHUs
"W 761107 P g Py

M3rH0AaroM MOMEHTOM B IUIOCKOCTH I'rba MX,

rie
2 2

y_#S(D, =) _7-0.01-(0.325-0.01)° ., ;

4 4

3 4 3 4
W=”D" (1=t7)_3.142.0.325 (1-0.93%") =7.61-10"' M — MOMEHT COTPOTHBIICHHSI CeUe-

32 32
HuUs ruoda,
‘o D,-2-S _ 0.325-2-0.01 0,938

D, 0.325

CpaBuenne kodpduimeHToB nHTEeHCUHKaIMK, moiydeHHbIx no [1IK ACTPA-AD2C 2009 w
B3sThIX 13 PTM 108.020.01-75 [2], npeacraBneHo B Tabnuie 29.2.
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Tabnuua 29.2
KoadduiimenTsl HHTCHCU(PUKAIIMN HANPSDHKESHUI 171 M3riu0da 0TBOA B €ro IJIOCKOCTH
N | KOPUIICHT —f pry )60 600.01-75 (2] [ACTPA-AICT2009 |5 o,
WHTeHCU(pUKaAUN THII KPOMOK
“markue” 3.7 5.71
I B 33 “wectkue” | 3.6 2.86
“« ” 6.2 12.73
2 y . MIATKHC
" 33 “xectkue” | 6.1 | 10.91

Otrnuuue B 3HaueHUsX KodpdunmentoB 10 13% cBs3aHO, TPEkKAE BCETO, C TOYHBIM
yuétoM (1o ACTPA-AD2C’2009) BusiHUS IPUCOSAMHEHHBIX PSMBIX TPYO IS OTBOJIA.

29.5 Jlutepatypa

1. HopMbl pacueTa Ha MPOYHOCTH OOOPYIOBAHHS U TPyOONPOBOJOB aTOMHBIX JHEpTe-
truecknx ycranoBok (ITHAD I'-7-002-86) I'ocaromauepronanzop CCCP. — M.: DHeproaroMus-

nat, 1989.
2. PTM 108.020.01-75. Pacuer TpyOOmpOBOIOB aTOMHBIX JJIGKTPOCTAHIIMKA HA TMPOY-

HOCTB.
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IIpumep 30. YTouHeHHBII pacyeT KOHMYECKOIro IepexoJa HAa CTaTHYeCKHe Harpy3KH
(ACTPA-CTAIHNO)

HNcrounuk(u) 1. ANSYS 11. Verification manual. 2007.

Tun 3agaun Yrounennsiid cratndeckuii pacuetr HJC neraneit
Tun(pl) BepupuuMpyemMbIxX
yj1eMmeHTOoB (KJ)

BxoaHoii ¢aiia TEST30.ast

Obonoueunvie 8-mu y3noevie CIIKD

30.1 ITocTanoBKa 3aga4u

Paccmampusaemcs xonmueckuii nepexonuuk tpyoomnposoga ADC (puc. 11.1). YuureiBarorcs
CJIETyIOIINE TUIIBI HATPY30K:
— BHYTpEHHEE JaBJICHHE;
— U3ruOaroUIil MOMEHT.

Tpebyemcs MO YTOYHEHHOW METOJMKE METOJAa KOHEYHBIX JJIEMEHTOB MOJYYUTh HANPSKEHHO-
ne(OpMUPOBAHHOE COCTOSIHUE B MIEPEXOTHUKE JUIS KAXKIOTO U3 YKa3aHHBIX TUIIOB HArpy’>KEHUS B OTAEIb-
HOCTH.

Bepudukanus pe3ynpTaToB 3aKIHOYAETCS B CPABHEHHHM TAaKOBBIX C COOTBETCTBYIOIIUMH pellie-
HusMH 1o arrectoBanHomy [TK ANSYS[1].

Puc. 30.1 I'eomeTpuueckue XapakTEpUCTUKU NEPEXOTHUKA

30.2 Ucxoanble JaHHBIE

I'eomempuueckue xapakxmepucmuxu
» HapyxHble tuameTpsl TpyO: Dy = 325 MM, Dz = 219 MM;
»  TOJNIIUHBI CTeHOK TPyO S7 = 10 MM, S7 = 10 MMm;
» nnuHA nepexoaHoro ydactka L = 180 mwm.

Dusuro-mexanuyecKue XxapaKmepucmuxu
> Moxyis yrpyroctu E=2.05-10° MITa;
» kodddurment [lyaccona v=0.3;
> IIOTHOCTH MaTepuana p = 7.8 T/m’.

Ilapamempwi Hazpy3sku
» BHyTpeHHee aaBienue p = 1 MIla;

» wusrudaromii MomenT M =1 MH-Mm.
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30.3 PacueTHas MoaeIb

B cuny cummerpun pacemarpusaercs 1/4 wacts nepexonnuka (puc. 30.2, Ha puc 30.3 nokasana

MIOJTHAsl MOJIEITb) C HAJ0)KEHHEM COOTBETCTBYIOIIMX IPAaHHYHBIX YCIOBUH CHUMMETPHH (aHTHCUMMETPHH).
Pacuetnast o6macte pazbuBanach Ha 000JI0U€UHbIE CylIepIIapaMEeTPUUECKHE KOHEUHBIE 3JIEMEHTHI, peau-
3yIoIue ruroTe3sl TUMOLIEHKO, CO CTYIICHHEM B 30HAX Pe3KOro n3MeHeHus reomerpuu (puc. 30.4).

Pasmepnocts 3anaun coctaBuia 1008 anemenToB u 3217 y310B.

[TapameTpsl KOHEYHOIIEMEHTHON MOJeNU pacuéTHOro QparMeHTa MepexoiHHKa BHIOMPAIHUCH,
UCXOJS U3 TPeOOBaHUI TOUHOCTH ONPEIEIIEHNS] MECTHBIX HANPSKEHUH B 30HE KOHIIEHTPAIUH:
— yucno KD Ha noiayokpyXHOCTH cedeHus — 12;
— pasMep cJos DJIEMEHTOB, NMPUMBIKAIOUIETO K JIMHUU CTHIKOBKM MAarucTpajid U LITyLe-
pa: 0.1\/rs ,tne r — panuyc TpyOsI;
— ko3¢ duuuent crymenus 1.1 (oTHOIIEHHE TPOAOIBHBIX Pa3MEPOB ABYX CMEKHBIX CIIOEB
KOHEYHBIX 3JIEMEHTOB B 30HE CTYILIEHUS CETKH).

XKecTtkocTh MaTepuasia IpUHUMAaIach OAMHAKOBON IO BceMy 00beMy IEpEeXOHUKA.

CHES

Puc. 30.2 Pacuernas KO-monens konndeckoro nepexoanuxa(1/4 yacts)
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IS

Puc. 30.4. 30Ha cryuieHus ceTku
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30.4 PesyabTaTsl

ACTPA-CTAJIHO

EyHHapHe NeperemeHna
Marpywaomoe e ganropa;
Hapnexms

n
L POGTTE-04

L 10269E-04
15061E-04
J1F454E-04
. 11046E-04
JHBO3IBIE-05

LBZIADTE-DS

AHZI0E-D5

ANSYS

AN

B SER 17 2009
STEP=1 19:31:22

-411E-05 .753E-05 -10%E-04 .144E-04 .178E-04
.SBEE-05 .9Z4E-05 .1Z7E-04 .161E-04 .155E-04

Puc. 30.5 PacyetHble mepemMenieHus OT IeHCTBUS "eIUHUYHOTO" BHYTPEHHETO JaBiIeHUs (M)
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ACTPA-CTAJIHO

{Muzec) Szke { "

pup 6.47775 / 14.9805 MIa

ANSYS
NODAL $OLUTION AN
SED 16 2009
BTER=1 20:28:44
SUE =1
TIME=1
SEQV (AVG)

DM¥ =.179E-04

SMN =7.116
SMX :16.4134
~

5.14% 10.217

|
7.116 5.183 11.251 13.318 15.385
12.284 14 16.419

Puc. 30.6 PacuerHble 3kBUBaj€HTHbIE HaNpsikeHUs (kputepuid Museca) Ha BHenHel noBepxHoctu, Mlla.
CuoBoii (hakTop — BHyTpEHHEE J1aBJIeHUE
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ACTPA-CTAJIHO

CYMMAPHEES TepeHeusHns -
st 0.10914
0.10006

LB0962E-01
L H1HAGHE-0]
L127T74E-01
L BIGTYE-0]
L 54505E-01
LASA%1E-01
LA6I96R-01
L2TI02E-01
. 1THZ0HE-01
+21133E - 02
. 1H993E-04

ANSYS

AN

SEE 16 2009
S == 20:33:21
SUB =1
TIME=1
USUM

REvE=11
DMX
M

NODAL SOLUTIOCN

0 DEZ557 045154 LDeTIRE 050385
.011z255 .033856 .056453 .07505 .10less

Puc. 30.7 PacueTHble nmepemeIieHus oT JeHCTBUS U3rHOal0Iero MOMeHTa (M)
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ACTPA-CTAJIAO

IEBMBANGHTHOS Hanpaweane (MMOec) Ho9kE (ROPXHAA H HHSHAA DOBAPXHCCTH)
Harpywamupne e "
MarHtaoumi wosoivn B BlHZ.0

56T2.0

5163.5
4654.3
4145.0
3635.0
3126.5
2617.3
2108.0
1598.08
108%. 5

580,30

[ | | [ IR

71.057

Hin/Max no rouran wwrerpuponams 37,7195 / 6182 Mlla

ANSYS
NODATL SOLUT AN
SEP 16 2009
STER=1 20:45:56
3UB =1
TIME=1
SEQW
DM =.1007%
SMN =1.461
EMX =5966
1.461 1327
664.207 1590 4641 5366

Puc. 30.8 PacueTHble 3KBUBaJICHTHbIE HanpshkeHUs (kpurepuit Muzeca), Mlla.
CunoBoii haktop — u3rubaromuii MOMEHT
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Ha puc. 30.5 — 30.8 u B Tabnure 30.1 mpencTaBieHbl U COMOCTABISAIOTCS PE3YyIbTaThl (pacUeTHBIC
TepeMeInIeHus1, SKBUBAJICHTHBIC 110 KpUTEpHI0 Mu3eca HanpspKeHUs ), TOJTyYeHHBIC ISl pacCMaTPHUBAEMO-
ro KOHUYECKOT0 MepPexXoHrKa B porpaMMHbIX koMiiekcax ACTPA-A2C 2009 (mporpaMMHBIi MOIYTb
ACTPA-CTAIMO) u ANSYS [1].

Taomuma 30.1
MaxkcumanbHbIe pacYeTHbIE SKBUBAJICHTHBIE HanpskeHus, MIla

ACTPA-ADC’2009 ANSYS 0, %
JlaBrienue 14.6 16.4 11.00
M3rubarommii MOMEHT 6182 5966 3.62

MakcumanbHOe pacxoxxaeHue coctaBuio 11 %.

30.5 Jlutepatypa
1. ANSYS 11. Verification manual. 2007.
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IIpumep 31. YTOUHEeHHBII pacyeT JMH30BOI0 KOMIIEHCATOPA HA CTATHYECKHE HATPY3KH
(ACTPA-CTAIHNO)

Hcrounuk(n) 1. ANSYS 11. Verification manual. 2007.
Tun 3agaun Yrtounennslii cratudeckuit pacuetr HJ{C neraneit
Tun(s1) Bepupuumnpye-
MBbIX 2JIEMEHTOB
Bxoanoii ¢aiin TEST31.ast

Obonoueunvie 8-mu y3noevie CIIKD

31.1 IlocTanoBKa 3aga4u

Paccmampusaemcs nunzoBeiit komneHncatop tpyoonposoga ADC (puc. 31.1). YaursiBarotcs
CJIEYIOIINE TUIIBI HATPY30K:
— BHYTpPCHHEE JIaBJICHHC,
—  U3rubaromuii MOMEHT.

Tpebyemcs N0 yTOUHEHHOW METOAMKE METOJa KOHEUYHBIX 3JIEMEHTOB MOIYYUTh HAMPSKEHHO-
neOpMUPOBAHHOE COCTOSIHHE B KOMIIEHcAaTope. Bepudukanus pe3ynbTaToB 3aKI0YaeTCcsl B CpaBHE-
HHUM TaKOBBIX C COOTBETCTBYIOIIUMHU pelieHussMH 1o arrectoBanHomy [IK ANSYS [1].

DHA1 S1

s2 R
R /

Puc. 31.1 'eomeTpuyeckue XxapakTepUCTUKH TUH30BOTO KOMIIEHCATOPA

31.2 Ucxoanble JaHHBIE

TI'eomempuueckue xapaxmepucmuxu

HapyXHbIH Auametp TpyOsl D, =219 Mm;
TOJIIIMHA CTEHKH TPYOBI S7 = 6 MM;
Hapy’KHbII auameTp auH3 Dy, = 370 mm;
TOJIIIMHA CTEHOK JIUH3 7 = 6 MM;
paauycsl conpsbkeHu Ry = 14mm;

YHCJIO JUH3 K =2.

VVVYYY

Dusuko-mexaHuueckue XapaKkmepucmuKku (U30mponHulil Mamepudar,)
» wmoxuynb ynpyrocta E = 2.05- 10° MITa;
» ko3ddurment [lyaccona v=0.3.

Ilapamempwi naepysxu
» BHyTpeHHee naBicHue p = 1 Mlla;
> wnsrubarommii MomenT M = 1 MH-m.
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31.3 Pacuérnas moaeasb (puc. 31.2)

B cuity cummerpun paccMmarpuBaercs 1/8 dacth kKoMreHcaropa (¢ HaJOKEHHEM COOTBETCT-

BYIOIIMX TPAHUYHBIX YCIOBHH CHUMMeTpuu (aHTUCMMMeTpuu). PacuetHas obnacte pa3duBanach Ha
00o0Ji0ueYHbIE CyleprnapaMeTprUuecKue KOHEUHbIE 3JIEMEHTHI, Pealu3yIolue TunoTe3sbl THUMOIIeHKO,
CO CT'YLIIEHHEM B 30HaX PE3KOro U3MEHEHUS FEOMETPUH.

Pa3zmepnocTts 3aaun cocraBuia 708 aieMeHTOB U 2267 y3710B.

[TapameTpsl KOHEUHODJIEMEHTHONW MOJENIN pPacdyEéTHOro (hparMeHTa KOMIIEHCaTopa BhIOHMpa-
JIMCh, UCXOJIs U3 TPEOOBaHUN TOYHOCTH ONPE/IEICHUS MECTHBIX HAIIPSKEHUH B 30HE KOHIICHTPALIUU:
— uncno KD Ha nosryokpyKHOCTH ceueHus — 12;
— pa3Mep cJI0sl DJIEMEHTOB, IIPUMBIKAIOIIETO K JIMHUM CTHIKOBKM MarucTpalu U LITyle-
pa:0.1\/rs ,Tne r — paanyc TpyOsI;
— koddpdumment crymenus 1.1 (OTHOImIEHHE NPOJOIBHBIX PAa3MEPOB IBYX CMEXKHBIX
CJIOEB KOHEUHBIX JIEMEHTOB B 30HE CT'YILICHHS CETKH).

[IpuHATHI “MsIrkue” rpaHUYHbIEC YCIOBUS MO TOPLY MOJEIH KOMIIEHCATOpa — OTCYTCTBHUE yXKe-
CTOYAIOIIETO BIUSHUS MPUCOCTUHEHHBIX TPYO.

CIIK3

S

Puc. 31.2 Pacuernas o6onodeunas K9-mMoaens TMH30BOr0 KOMIEHCATOPA
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31.4 Pe3yabTarsl

ACTPA-CTAZIHO

EYHHAPHLE Tepaeuamia =
pare ¢ Sz 1H709E-02
laBnanne * =

LATYIZE-02

+15634E-02

L 1A096E-02
L 12550E-02
S 11021E-02

=]
=]
.94029E-03 -
LT9451E-03
. BA0TIE-03 =
. ABEYSE-D3
.33318E-03
-17940E-03
- 25623E-04

ANSYS

AN

SEP 25 2009
17:35:09

NODAL SOLUTION

STEP=1
3UB =1
TIME=1
TaUM

REYE=11
DM¥ =
SMN =,
BM¥ =

-440E-04 L40ZE-032 .760E-03 .00l11s .001475
LZZ3E-032 L5E81E-02 L 938E-02 LO012596 001654

Puc. 31.3 PacueTHble mepeMenieHus OT ISUCTBUS “CAMHUYHOTO” BHYTPEHHETO JaBJIeHUs (M)
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ACTPA-CTAZIHO

PrEMPaNeHTHOe HanpmweHnue (Musec) 5oKB (PepXHAS M HMAMHSA NOREPXHOCTH) Mila
[arp 2

Taenenme SSLEE

338.05

N
__inﬁwo‘mam MHTErpupoBanua 10.525 / 369.632 MIa

ANSYS

NODAL 2QLUTION AN
SEP Z9 2009
17:45: 26

STEP=1

SEQV (AVE)
DM¥ =.001654
SMN =11.526

BME :377.6522

N
11.526 92.854 174.262 255.63 336.008
52.21 133.578 214.%4¢ 296.314 377.682

Puc. 31.4 PacuerHble 3kBUBajeHTHbIE HanpsikeHus (kputepuid Museca), MIla.

CunoBoii ¢pakTop — BHYTPEHHEE JaBJICHUE

3A0 HULL Cra/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 120




ACTPA-ADC’2009. Bepudukaunonnsiii ordet. Tom 3 (HoBbIe Bo3moxkHOCTH 2009)

ACTPA-CTAJTHO

[rvmmapmmn nopenommm "
fiarpywanmoee opassmnee garTop.;
MaruSanms woneuT My 11863
1. 0621
0.96794
0. 87370
0. 17947
0. 6A%FY
0. 59099
0.49674
0. 40250
0. 30021
0. 21402
0.1197%
LZ5554E-01

A~

ANSYS

NODAL SO0LUTION AN
SEP 29 2009
RIS 17:52:07
SUB =1
TIME=1
UsSUM (AVG)
Rayg=11
DM =.73271
SMM =.024B15
BMX =.73271
024815 .18zl .3354 .456745
; 73271

Puc. 31.5 PacuerHbie nepemMenieHust OT JeHCTBUS N3rHOArOIIero MOMEHTa (M)
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ACTPA-CTA/IMO

T promanen (Hntec] Saes T

M e RORGHT M

nlndfi: nE Toukan WiTerprponass 80,3354 / B6894.1 Mila

MIla
059900

THRAS. 0
TIEBY. 0
645350
ETT
50226.0
43071.0
35517.0
2UTES. 0
G000
14454.0
19994

EEEE @

ANSYS

NODAL SOLUTION

STED=1
SUB =1
TIME=1
SEQV (AVE)
DMx =.73271
SMN =52.433
SM¥ =8§9%9225

52.433

AN

SEP 29 2008
17:55:55

§5225

Puc. 31.6 PacuerHble 3kBUBaNIeHTHbIE HaNpsbKeHUs (kputepuil Museca), MI1a.
CunoBoii ¢pakTop — U3rudarOINil MOMEHT
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PacueTHble mepeMenieHusi OT ACUCTBUS BHYTPEHHErO JABIEHHS M M3THOAIOLIEr0 MOMEHTA,
noyueHusie 1o [IK ACTPA-A2C 2009 (nporpammusiii monyiabs ACTPA-CTAJIMO) u ANSYS nns
paccmMaTpuBaeMoOro JIMH30BOI0 KOMIIEHCaTopa noka3aHsl Ha puc. 31.3 — 31.5. PacueTHble SKBUBaJICHT-
HbIE HanpspKeHHs (1o kputeputo Museca) npeacrasiensl Ha puc. 31.4 —31.6 u B Tabmune 31.1.

Tabmuua 31.1
MaxkcuMajbHbIe PacueTHBIC IKBUBAJICHTHBIC HanpshkeHus, MIla

ACTPA-ADC’2009 ANSYS 0, %
JlaBnenue 367.8 377.7 2.62
H3rubarommii MOMEHT 85998.0 89225.0 3.62

MakcumanbHOE pacXoKJIECHUE PE3yIbTaTOB COCTABUIIO 3.62%.

31.5 Jlutepatrypa
1. ANSYS 11. Verification manual. 2007.
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IIpumep 32. CynepaJjieMeHTHBI JMHAMHYECKHII pacdyeT TPyOONpoOBOAHOI cucTe-
Mbl. AuaroputMm Kpeiira-bemnrona (popmupoBanue u ydyer pe1yuMpoBaHHbIX MATPHILL)

1. benocronxkuit A.M., Kienen O.10. Bepudukanus anropurma
Kpeiira-bemnrona Ha npumepe CynepIieMEHTHOTO JWHAMUYe-
Hcrounnk(u) CKOro pacuera TpyOOHpOBOIHBIX cucTeM. // Bompocsl mpu-
KJIQJIHOW MaTeMaTUKU M BBIYMCIUTENbHON MexaHuku: CO. Ha-
yuH. Tp. Nel0. — M.: MI'CY, 2007, c. 80-86.

Pacuer co6cTBeHHBIX 4acTOT U (HopM (MOAIbHBIA CUHTE3 MO-
KOHCTPYKLUH)

Illpamas mpyba, cmepoiceHb HEKONbYEBO20 CeyeHUs, OMmE00
Tun(s) BepuduuMpye- | (2ub, KONEHO), MPOUHUK, APMAMYPA, NPYICUHHASL NOOBECKA,
MBIX JIEMEHTOB O0OHOCMOPOHHSAS ONOpA MpeHus, Mepmeds onopa (3aoeika),
mampuunsii cynepanemenm Kpeuea-bemnmona
TEST31VI1(full).dat — ucxonnas (enuHas ) MOACIb

Bxoanble daiinbl TEST31V2(pipe).dat — pexynupoBaHHast MOJIEIb
TEST31V3(sp).dat — nuHAMUYECKU CynepITEMEHT

Tun 3agaun

32.1 IlocTanoBKAa 3aa4u

Paccmampusaemcsa cucreMa «TpyOOnpoBOJbl — 000pyAOBaHHE (cemapaTropsl mapa) —
onopuble KoHCTpyKum» ADC ¢ PBMK.

Tpebyemcs Boraucanth 400 HU3MIUX COOCTBEHHBIX YacTOT U GOPM KOJICOAHUN CHCTEMBbI
METOJIOM JTMHAMHYECKOIro cuHTe3a noakoHcTpykiuil (Kpeiira-bemnrona) uist BapuaHTOB yuera
Pa3IMYHOIO KOJMYECTBAa BHYTPEHHUX CTENEHENH cBOOObI MOICUCTEMBI-CyTiepaieMenTa (2 cena-
paTopa mnapa Ha OMOPHBIX KOHCTPYKIIHSIX).

IIpoBecTu cpaBHEHHE ¢ pe3ybTaTaMH JUHAMHYECKOrO pacyeTa eMHON CUCTEMBI “Tpy-
001poBoBI — 000pyI0BaHKE (CEMapaTOphI Mapa) — ONOPHBIE KOHCTPYKIIUU .

32.2 Ucxoaublie JaHHBIE

Bo BxoaHbIX daiinax.

32.3 PacueTrHas MmoaeJb

[Tonnast MoAeNnb CIOXKHON cucTeMbl “TpyOompoBOAbl — 000OpyaoBaHuEe (cemapa-
Topbl napa) — onopHele KoOHCTpYKK® ADC ¢ PBMK u ee penyuupoBanHblil aHasor “rpy0o-
npoBoabl — MaTpullbl K-b 0060pynoBaHHs M OMOPHBIX KOHCTPYKIMI® TMpEACTaBIEHBI Ha PUC.
32.1. ITosnHas moxenb conepkut 119 cynepasieMeHTHBIX y3110B, 182 y4acTKOB-Cynep3JIeMEHTOB,
1834 snmemenToB, 2375 nMHAMHUYECKHX CTENECHEH CBOOOJBI; “MaTpuyHas’ MOACUCTEMA, UMUTH-
pyrolas cenapaTopsl apa Ha OHOPHBIX KOHCTPYKUMSX (C ABYMsl YpaBHUTEJIbHBIMHU TpyOamu) —
25 BHENIHUX U 25 BHYTPEHHUX Y3II0B, 212 anemenToB, 150 nuHaMU4YecKuX cTeneHeil cBOOOIbI.

32.4 PacueTHas MeTOAUKA

IIpuMeHeH ecTeCTBEHHBIM U NCYEPIBIBAKOIINN KPUTEPUH COOTBETCTBUS PEAIN30BAHHOU
penyuupoBaHHoi monenu ¢ Marpuinamu Kpeiira-bemnrona (K-bB) “HaType” — HMIEHTHYHOCTB
BBIYHMCIICHHOTO CIIEKTpa COOCTBEHHBIX YaCTOT U (OPM KoJIeOaHUN TaKOBOMY JUIsl TIOJTHOM MOJIe-
JIM C TIOJICUCTEMaMH, Ha OCHOBE KOTOPBIX 3TU MATPHUILIbI U OBLITU MOTYYECHBI.

Pemenne yacTuuHbIX npobaeM COOCTBEHHBIX 3HAYEHUI — pacyeT COOCTBEHHBIX YACTOT
U (popm KonebaHuil MONHON CHCTEMBI, ONpeieseHne "BHYTPEHHUX" cTeneHel cBOOO bl 3aKper-
JIEHHON moJicucTeMsl (s GOPMUPOBAHUS PENYLIUPOBAHHBIX MAaTpPUI) U CIEKTPAJIbHbIN aHaIu3
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cuctembl ¢ peayuupoBaHHbiMM MaTpuniamu K-b — Bemonssuiocs no IIK ACTPA-A2C°2009
6s10uHbIM MeToZIoM Jlannoma (6104HOCTh — 10, TOUHOCTH BBIUMCIIEHUS BbICIIEH COOCTBEHHOU
qacToThl — 5-107).

TPEMPECCOP

" uy : #
ACTPAASE

9

Puc. 32.1 CynepaneMeHTHbIE MOJIEIIA CUCTEMBI ““TPyOOIPOBOABI-000pyI0BaHHE .
a) moJiHast MoJieNb; 0) Monenb ¢ marpuyHbiM C3 K-b (06opynoBanue Ha onopax)
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32.5 Pe3yabTaThl

Tabmnuua 32.1

BrruncieHHble COOCTBEHHBIE YACTOTHI KOJIEOAHHI CHCTEMBI

"TpyOOmpoBOIBI — cemapaTopsl napa Ha onopax", ['i

Ne gacto- | Ilonnas . Mopnenu TpyOOnpoBOIOB C MPUCOETUHEHHBIMUA MaTpUY-
CO Kpeiira- o
THI (hop- MOJIENb BeMIToma HbiMu CO (Kpeiira-bemntona)

MBI CHUCTEMBI N=0 N=2 N=35 N=10 N =20
1 0.402 0.402 0.402 0.402 0.402 0.402
2 0.415 0.415 0.415 0.415 0.415 0.415
3 0.619 0.619 0.619 0.619 0.619 0.619
4 0.689 0.689 0.689 0.689 0.689 0.689
5 0.728 0.728 0.728 0.728 0.728 0.728
6 0.807 0.807 0.807 0.807 0.807 0.807
7 1.033 1.033 1.033 1.033 1.033 1.033
8 1.100 1.100 1.100 1.100 1.100 1.100
9 1.220 1.220 1.220 1.220 1.220 1.220
10 1.319 1.319 1.319 1.319 1.319 1.319
85 4.506 4.506 4.506 4.506 4.506 4.506
86 4.533 4.529 - 4.533 4.533 4.533 4.533
87 4.642 4.642 4.642 4.642 4.642 4.642

142 6.523 6.523 6.523 6.523 6.523 6.523
143 6.569 6.629 - 6.570 6.570 6.569 6.569
144 6.599 6.599 6.599 6.599 6.599 6.599
198 10.367 10.367 10.367 10.367 10.367 10.367
199 10.498 10.500 - - 10.499 10.499 10.498

200 10.536 10.536 10.536 10.536 10.536 10.536

338 17.872 17.872 17.872 17.872 17.872 17.872

339 18.022 18.118 - - 18.029 18.029 18.023

340 18.172 18.172 18.172 18.172 18.172 18.172

366 21.533 21.533 21.533 21.533 21.533 21.533

367 21.538 21.546 - - 21.540 21.540 21.538

368 21.959 21.959 | 21.959 | 21.959 21.959 21.959

400 23.126 23.126 | 23.126 | 23.126 23.126 23.126
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Puc.32.2 CobctBeHHbIe OpMBI KOTIEOAHUN TTOTHOM (MCXOMHON) MOACITH

a) obmecuctemusie; 0) 86-s1 u 199-5 nokanpHBIE (YpaBHUTENbHAS TPYOa)
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Puc.32.3 CobctBeHHbIE GOpMBI KOJIeOaHUI peylIMpOBaHHONW MOJENIN

a) obuiecuctemHsle; 0) 86-s1 u 199-1 — BHyTpeHHue marpuyHoro CO (He BUAHBI)
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Pe3ynbpTaThl CpaBHUTENBHBIX PAcueTOB COOCTBEHHBIX 4YacTOT M (PopM KolebGaHWil MOJ-
TBEPXKIAIOT KOJMYECTBEHHBIC BHIBOABI M PEKOMEHJAIMH, TMOJyUYCHHBIE Ha 00Jiee MPOCTHIX MO-
JEeNbHBIX 3aaauax (tabmuua 32.1, puc. 32.2 — 32.3), u cornacyioTcsi ¢ BBIBOAAMH, OIyOIMKOBaH-
HbIE paHee psioM aBTopoB (B yacTHOCTH, 10 [IK NASTRAN u ANSYS).

Tak, HeyueT JOCTaTOYHOTO YUCJIa BHYTPEHHUX CTeNeHell cBOOOIbI MOACUCTEMBI BEIET K
IPOrHO3MPYEMON HETOUYHOCTH B ONPEJCIICHUU JUHAMUYECKHX XapaKTEpUCTUK BCEHl CUCTEMBI
(cM. Tabn. 32.1). DT pe3ynbTaThl €lle pa3 MOKa3bIBAIOT PEATbHYIO LIEHY BBIHY)KICHHO YIpO-
[IEHHBIX MOJIXOJ0B K JMHAMUYECKOMY CUHTE3Y HNOJKOHCTPYKLHUH, MPU KOTOPBHIX HE B MOJIHOU
Mepe YUUTHIBAJIUCh UX TUHAMUYECKHE XapaKTepUCTUKU. OTMETUM TakXKe BbISBICHHBIN U (pu3n-
YECKU OCA3aeMblil UMCIICHHBIN Pe3yJIbTaT: KOJeOaHHUs CUCTEMbl HE UyBCTBUTENBHBI K IPOIYCKY
napuuanbHbIX (OPM MOACUCTEM, HOCSIIMX BBIPAXKEHHBIA JIOKAIBHBIA XapakTep (CM. 4acTOTHI,
OTBEUalolMe KoJIeOaHUsIM YpaBHUTEIbHOU TpyOBl B COCTaBe ‘““MaTpUYHOI’ MOJCUCTEMBI B Tal-
auue 32.1).

[TpencraBisier UHTEpEC U CpaBHEHHE ‘‘MALIMHHOIO” BPEMEHM cueTa MpHU aHaJIU3€ I0JI-
HOW M pefylHpoBaHHON Mozeneil. Kak u oxkuaanoch, peaylupoBaHHas MOJEIb BIYMCIUTEIBHO
KOHKYPEHTHA [a)ke B OTHOCHUTEIBHO HEOJIaronpusTHOM il ce0s pacCMOTPEHHOM Cilydae —
OO0JIBIIIOM KOJMYECTBE BHELIHHMX Y3JI0B U ONpEIENsAeMbIX “BHYTPEHHHX YacToT U (opM, Mpo-
ctore KD-Moznenu noacucremsl. BrieuaTiisiroruii BBIYUCIUTENbHBIN BHIMTPHILI ObUT OB JOCTHUT-
HYT, eciau Obl, Hampumep, 000pyAOBaHHE (cemapaTropsl mapa) HoJpOOHO MOJAEIMPOBATIOCH IO
00oJi0ueyHON 1K TpexmepHoi cxemam MKDO.

PesynbraThl mpoBeneHHON BepU(UKALUMU NPOTPaMMHO PEATHM30BAHHOTO aJITrOPUTMA
Kpeiira-bemnrona KoiauMuecTBEHHO MOATBEPXKJIAIOT 3PPEKTUBHOCTh HEOOXOIUMOro, B MPAKTU-
YEeCKM BA)XKHBIX CIIy4yasiX (MHOTOKOMIIOHEHTHbIE, OTBETCTBEHHBIE, TSDKEJIO Harpy>KeHHbIE, JOCTa-
TOYHO T'MOKHE CUCTEMBI), IEPEX0aa OT TPAAUIIMOHHOTO pacuyera cOOCTBEHHO TPyOONpOBOJIOB K
COBPEMEHHOMY  MOJICIMPOBAaHMIO  JMHAMHUKM  CBA3aHHBIX  CHCTEM  “TpyOOINpOBObI—
000py10BaHUE—CTPOUTEIHHBIC KOHCTPYKIHH .

32.6 Jluteparypa

1. benocronkuit A.M., Knenery O.1O. Bepudukamnus anropurma Kpeiira-bemnrona na
IpUMepe CyNep3JeMEHTHOIO AMHAMUYECKOro pacuera TpyOONpoBOAHBIX cucTeM. // Bompocsl
NPUKIAJHOW MAaTeMaTHKH M BBIYHCIUTEIbHON MexaHuku: CO. HayyH. Tp. Nel0. — M.: MI'CY,
2007, c. 80-86.

2. benocronkuit A.M., lyounckuii C.U., Iloranenko A.JI. MeToapl JTUHAMHYECKOTO
CHHTE3a MOAKOHCTPYKIHH B 3a7a4aX MOAEIUPOBAHUS CIIOKHBIX MHXXEHEPHBIX cucteM. “Ctpou-
TeJbHAsI MEXaHUKA U pacyeT coopykenuii”, 2006 r., Ne 6, c. 45-51.

3. benocroukuii A.M., Ilorannenko A.JI., Kneneny O.}0. Peanuzanus u Bepudukanus
anroputMma Kpeiira-bemnrona B nporpammusix komiuiekcax CTAIMIO u ACTPA-HOBA. Tpy-
ae1 XXII MexaynapoaHoit koHdepeHnn “MareMaTnueckoe MOJICTUPOBAHHE B MEXaHUKE
CIUIOIIHBIX CpEJl Ha OCHOBE METOAOB I'PAHUYHBIX U KOHEUHbIX 371eMeHTOB”. BEM&FEM-2007,
C-ITerepOypr, 2007 1., c. 65-69
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Ipumep 33. lIpuMeHeHNe MATPUYHBIX CyNep3JIeMEHTOB [JIsi MOJeJIMPOBAHUS Je-
TaJsiedl TPyOONPOBOAOB (HA MpUMepe KPMBOJIUHEHHBIX TPYO)

Hcrounuk(m) —

Craruueckuii pacuetr HIC (dhopmupoBanre u UCIIOIb30Ba-
HUE MaTPUYHBIX CYNEPITEMEHTOB)

Tun(s1) Bepupuumupye- Omeoo (eub, koneno), npamas mpyba, mepmaeas onopa (3a-
MBIX 3JIEMEHTOB 0elIKa), Mampu4nslii cCynepaieMenm

Bxoanoii ¢aiia

Tun 3agaun

33.1 ITocTanoBKAa 3aga4u

Paccmampueaemc;z CTaTUYCCKOC HaHpH)KeHHO-I[C(bOpMI/IpOBaHHOG COCTOSAAHHUE THYTOI'O
0TBOJZIa C IPUMBIKAOIIIMUMHU MPSAMBIMH YHAaCTKAMMU.

Tpebyemcs TPOBECTH MOJICTUPOBAHUE OTBOJIA MPU IMTOMOIIM MAaTPUYHOTO CyIEepPIJIEMEH-
Ta, copmupoBanHoro B ACTPA-A2C 2009 (monyns ACTPA-CTA/IMO) mo npocTpaHCTBEHHO-
o6onoueyHoit KO-monemu. CpaBHUTH MOBEJICHHE MOJTYUYSHHON TaKUM 0Opa30oM MOJIEIH C IOBE-
JIEHUEM CTaHJapPTHOU CTEPKHEBOM MOJIENIM OTBOJIa C YUETOM U 0e3 yueTa MoAaTINBOCTH.

Jlis GonpIiel «IpeacTaBUTEIbHOCTHY PacCMaTpPUBAETCS HECKOIbKO BApUAHTOB 33/1a4u:
— BapuanT Nel (puc. 33.1 a): kK OTBOY MPUMBIKAIOT MPAMbIE TPYyObI OJUHAKOBOM
JUTMHBI, JIJIS KOTOPBIX 3a/JlaHa Pa3HOCTh Temriepatyp. KoHIbI mpsMbIX TpyO xke-

CTKO 3aKpEIICHBI;

— BapuanT Ne2 (puc. 33.1 6): kK OTBOAY MPUMBIKAIOT TPSIMbIE TPYObI OJUHAKOBOM
JUTMHBI, K OJTHOMY M3 KOHIIOB TMPWJIOXKEH COCPEIOTOYCHHBIM M3THOAIOIINNA MO-
MEHT, BTOPOW KOHEII JKECTKO 3aKPEIUICH;

— BapuanT Ne3 (puc. 33.1 B): oTinnuaercst oT BapuanTa Ne2 cpaBHUTENIBHO Majou
JUIMHOM y4yacTKa NpsIMON TPyOBbl, IPUMBIKAIOIIETO K 3aJ€JIKE, YTO MO3BOJISET HC-
KIIFOYUTH (C OINpeAeNIeHHON MOTPELUIHOCTHI0) BIMSHUE MOAATINBOCTU YKa3aHHO-
ro y4acTKa Ha paboTy BCEH CUCTEMBI.

B kadecTBe mapameTpoB s CPAaBHEHHS MOBEICHHS PA3JIMYHBIX MOJEICH MpH BhIIIE
YKa3aHHBIX TUNAX HArpyKEHUs MPHUHUMAIOTCS IEPEMEIICHUs KOHIIA OTBOJA U KOHCOJIBHOTO
KOHIIA MTPSIMOM TpyOBI (ITPH HAJIMYKUU TAaKOBOTO).

E N — =i NPETPOLECTOP

or Il L,
+

Puc. 33.1 BapuanTsl 3agauun
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33.2 UcxoaHble JaHHBIE

I'eomempuueckue xapaxmepucmuxu
» pamuyc ruda R =400 mm;
» HapyXHbIil tuamerp Tpyost Dy, = 273 mm;
» TommmuHA CTeHKU S = 11 MMm.

Du3suxo-mexanuyecKue XapaKmepucmuKu
> wmomyis yapyrocrd E = 2.00-10° MITa;
» kod¢p¢unuent Ilyaccona v=0.3;
> Kko3(duEenT TeroBoro pacumpenns ' = 1.15:107,

Ilapamempol nacpy3xu
»  u3rubaromMii MOMEHT B I1ockoct otBojga M = 100 kH-m;
» mepenaj remnepatyp AT = 180°C.

33.3 Pacuernas Mmoaejnb

B pamkax 1aHHOTO TeCTOBOTO IPUMEPa CTPOSTCS TPU MOJICITH OTBOJIA!
— CTepXXHEBas MOZEIb 0e3 ydueTa MOAATIMBOCTH: THO MOJEIUPYETCs MOCIea0Ba-
TEJILHO COCTMHEHHBIMHU T0J] HEKOTOPBIM YIJIOM OTpe3KaMH MpsSIMbIX TpyO (puc.
33.2 a);
— CTEepXXHEBask MOJEIbh C YY4ETOM MNOJATIMBOCTH: THO 3a7aeTcsl KaK CTaHJIapTHBIH
kpuBosnnHeNHbIH 3nemMeHT ACTPA-A2C 2009 (puc. 33.2 6);

— MOJEJb, BKJIIOUAIOLIasi MaTPUYHbIN cynepanemMenT (puc. 33.2 B).

Marpuua keCTKOCTH CyIepajeMeHTa 0TBoia (popMuUpyeTCs Ipu MOMOIIN KPUBOJIUHEH-
HBIX 8-y3510BBIX 0OojoveuHbix KO cynepnapamerpuueckoro cemeiictBa (CIIKD). Jlns cBsizu
000J104eUHONH MOJEIN OTBOAA CO CTEP’KHEBOW MOJENBIO HUCHOJb3YIOTCA cTepikHeBble KO, mMo-
y/Tb yIPYrocTH KOTOPsIX B 10° pa3 Gomblie, ueM MOMyNb MaTepHaga caMoro OTBOAA (pHC.
33.3).

TFEFIPOLECC0P TFEFIPOLECC0P TFEFIPOLECC0P

¢ ¢ ¢
- - « .Y
B

a 0
Puc. 33.2 Tpu cnocoba moaenupoBanus orsoja B ACTPA-HOBA(ADC)

a) OtBoj 6e3 yueta noxatiimBoctu; 6) OTBOA € y4ETOM MOAATINBOCTH;
B) MojenupoBaHue 0TBOJIa IPU MOMOLIN MAaTPHIIbI XKECTKOCTH o0osioueyHoro CO
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CEH

Mapamerpw K3-mopeny oTeona [ %]

[eoreTpHA EITBD.CLEII Cetka Pacuer |

— Bua pacueta
" Pacuet HIC u npoyHocTH
& {P OPMUPOBAHME MATOMLL CYNENE NEMEHTS

—MeTon pacuera
&) [ A
) MirepapEHe

= | penstusnas AHEaHHe AnE T eR et

OTHOCHTEAEHAA TOMHOCTE I'I e-003
MpEgEnEHOE YHEND UTERALMA |1 noo

(] 4 I OTraeHa Crnpaska

Puc. 33.3 Mogenb 0TBO/A C IPSIMBIMH Y4aCTKaMH [Tt (YOpMUpPOBaHHS MaTPUIlbI )kecTkocT CO

33.4 Pe3yabTaThl

B tab6aumnax 33.1 — 33.5 npuBeneHbI IepeMeIIeH s TOUEK KOHIIAa OTBOJIA (@ TaKKe TOUKH
NPWIOKEHUS MOMEHTA MTPU HAJIMYKK TAKOBOTO) ISl pa3IMUHbIX BAPUAHTOB 33Ja41 U Pa3IUYHBIX
MOJIeJIei OTBO/IA B 3aBUCHMOCTH OT JJTMHBI IPUMBIKAIOIIUX MPSMBIX TPYO.

[Ipoananu3upoBaB U CONOCTABUB IOJyYEHHBIE PE3YJIbTaThl, MOXKHO CHE€JIaTh BBIBOJ O
XOpOIIEM COOTBETCTBHM MEXIY CTEP)KHEBOW MOJENbI0 KPUBOJIMHEHHOro 3jeMeHTa (ruba) c
YYETOM IOJATIIMBOCTH M KOMOMHUPOBAHHON 000JI0U€UYHO-CTEPKHEBON MOJIENH, IOCTPOSHHOH ¢
MCIIOJIb30BAHUEM MAaTPUYHOIO CYIEPAIIEMEHTA.

Tabnuua 33.1
IIepemenienust kKOHIA 0TBOAA 1 BapuaHTa Nel

[lepemenienus, Mmm
bes momarmuBo- C nonmarimBo-
CTH CTBIO MCD &%,
Jnuna nneya, oY, Ilo Z, IloY, ITo Z, IloY, ITo Z,
MM MM MM MM MM MM MM Y Z
1000 2.72 0.38 2.65 0.48 2.67 0.46 0.75 | 4.35
2000 5.98 0.31 5.82 0.49 5.85 0.46 0.51 | 6.52
3000 9.23 0.25 9.05 0.46 9.07 0.43 0.22 | 6.98
5000 15.69 0.17 15.49 0.39 15.51 0.37 0.13 | 541
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Tabmnuua 33.2

[Tepemenienus koHa 0TBOJA J1sl BapuaHTa Ne2

[Tepemenienus, Mmm
bes noie;TJmBo- C HO(,:I[Ta:}J;I/IBO- MCD 3, %
JlnuHa 1iey4a, IIoY, Ilo Z, IIoY, Ilo Z, IIoY, Ilo Z, v 7
MM MM MM MM MM MM MM
1000 -11.07 1.30 -17.49 -1.96 -17.41 -1.91 0.46 | 2.62
2000 -23.98 8.47 -30.40 5.21 -30.09 5.26 1.03 | 0.95
3000 -41.68 | 20.43 | -48.10 17.17 | -47.55 17.22 1.16 | 0.29
5000 -91.39 | 58.67 | -97.82 | 5541 -88.84 | 63.43 | 10.11 | 12.64

HepeMeH.[eHI/ISI TOYKHU IMPHUIIOKCHHUA MOMCHTA IJIs1 BapHaHTa Ne2

Tabmauua 33.3

Ilepemenienus, Mm
bes nomatnuBocTu C nogaTianuBOCTRIO MCD d, %,
Jmmaa mieda, MM | IIo Y, Mm | IIoZ, MM | IIo Y, MM [ IToZ, MM | ITo Y, MM | IIOZ, MM | Y Z
1000 -23.14 -10.78 -40.26 -24.73 -41.15 -25.65 ]2.16 ] 3.59
2000 -62.47 -30.02 -90.29 -54.68 -91.91 -56.56 | 1.76 | 3.32
3000 -120.94 -58.83 -159.47 -94.2 -161.83 -97.05 146 (2.94
5000 -295.16 -145.11 -355.1 -201.87 -358.94 -190.75 |1 1.07 | 5.83

Tabnuua 33.4

IIepemenienust KOHIIA 0TBOAA 1 BapuaHTa Ne3

[Tepemenienus, Mm
Bes nocszzi/ITnHBo- C nocz[TzLTIJ(I)HBo- MED 3, ,%
Jnuna nneye, IIoY, Ilo Z, IloY, Ilo Z, IloY, Ilo Z, e 7
MM MM MM MM MM MM MM
200 -3.54 -1.07 -9.96 -4.33 -10.1 -4.28 1.39 | 1.17
500 -3.54 -1.07 -9.96 -4.33 -10.1 -4.28 1.39 [ 1.17
800 -3.54 -1.07 -9.96 -4.33 -10.1 -4.28 1.39 | 1.17
1000 -3.54 -1.07 -9.96 -4.33 -10.1 -4.28 1.39 | 1.17
2000 -3.54 -1.07 -9.96 -4.33 -10.1 -4.28 1.39 | 1.17
3000 -3.54 -1.07 -9.96 -4.33 -10.1 -4.28 1.39 | 1.17
5000 -3.54 -1.07 -9.96 -4.33 -10.1 -4.28 1.39 | 1.17
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Tabmauua 33.5
[TepemernieHust TOYKU TPHIIOKCHUS MOMEHTA JiJ1si BapuaHTa Ne3

[Iepememenust, Mm
0
bes Ho(iaHTHHBO- C NogaTiInBOCTBIO MCO 0%
JnvnHa nneue, IlIoY, Ilo Z, IloY, Ilo Z, IIoY, Ilo Z, v 7
MM MM MM MM MM MM MM
200 -4.71 -2.24 -13.27 -7.64 -13.6 -7.78 243 1 1.80
500 -6.82 -4.36 -18.59 -12.97 -19.22 -13.4 3.28 |3.21
800 -9.37 6.9 -24.35 -18.72 -25.26 -19.44 | 3.60 | 3.70
1000 -11.3 -8.84 -28.43 -22.8 -29.53 -23.71 3.73 | 3.84
2000 -23.85 | -21.39 -51.68 -46.05 -53.74 -47.93 3.83 |3.92
3000 -41.19 | -38.72 -79.72 -74.09 -82.75 -76.93 3.66 |3.69
5000 -90.19 | -87.72 | -150.11 | -144.48 | -155.07 | -149.25 | 3.20 | 3.20

* ~ v
0 - paznuyue MeXIy pe3yIbTaTaMe JUI MOJICITH, BKITFOYAOMICH CyIep3JIeMEHT, U CTePKHEBOU MOJICITH C YIETOM
000JI0YE€YHOH ITOIaTIIMBOCTH

MakcumanbpHOe paznuuue cocraBuio 12,64 %.
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IIpumep 34. TecTbl Ha pa3MepHOCTH 3a1a4H

HUcTounuk(un) —

Tun 3apauun Pacuer coOCTBEHHBIX YacTOT U (opM KoJeOaHHH

Illpamas mpyba, cmepoiceHb HEKONbYEBO20 CeyeHUs, OMmE00
Tun(s) BepuduuMpye- | (2ub, KOIEHO), MPOUHUK, ONOPA MPEHUsT OOHOCMOPOHHSS, ONO-
MBIX JIEMEHTOB pa mpeHusi 08YCMOPOHHAA, MEPMBds Onopa, apmamypa, npy-
JHCUHHAS NOOBECKA

TEST34V1.dat — 8355 nuHaMudecKkux crerneHeil cBOOOIbI
Bxoauoii daiia TEST34V2.dat — 13467 nuHAMHYECKHUX CTETICHEW CBOOOIBI
TEST34V3.dat — 23475 nuHaMU4eCcKUX cTeleHEN CBOOO MBI

34.1 IlocTanoBKAa 3aa4u

Paccmampusaemcs cnoxxnasi IpOCTPAHCTBEHHO Pa3BETBJICHHAsS TPYyOOIPOBOIHAS CHUC-
TeMa C OOJIBIITNM KOJIUYECTBOM (24) MOBTOPSIONINXCS OJIOKOB.

Tpebyemcs IPOBEPHUTH CXOJUMOCTh AJITOPUTMA pacdeTra COOCTBEHHBIX YACTOT, PEalv-
3oBaHHOTO B [IK ACTPA-A2C 2009 (6n04HbI# JlaHomnt), Ipy MOCIEA0BATEIIEHOM YBEIHUYCHUH
Yyucia TMHAMUYECKUX CTEeTeHel cBOOO bl (Macc).

34.2 Ucxoaublie JaHHBIE

Dusuko-mexaHuueckue XapaxKmepucmuKu
» wmoxuyib ynpyrocta E = 188600 MIla;
» xoa¢p¢umment Ilyaccona v=10.3.

I'panuunsvie ycrosus (onopwt)
JIBYXCTOPOHHHE OTOPHI, 3aMPEIIAIOIINE BEPTUKAIBHBIC MIEPEMEIICHUS

(U.=0);
> OAHOCTOPOHHHUC OIIOPbI, 3allpCHIatOmMMUE BCPTHUKAJIbHBIC IMCPEMCIICHUSA BHH3
(U= 0);

» MEpTBBIC OIOPBHI, 3aIPEIIAIOIINE BCE TEPEMEIICHNUS (JTMHEHHBIE U YTIIOBBIC);
» TIpY>KUHHBIE MTOJIBECKHU C KeCTKOCThIO k = 114,286 xH/m.

Ilapamempor nacpy3xu
» BHYyTpEHHEE JaBlICHHE:
0 B maructpanu p; = 1.35 Mlla;
O B Onokax p; = 0.5 MIla — 6mokwu.
» TeMieparypa B pabouem coctossuun T, = 214°C, B xonogHom — T = 20°C
» pacrpeneieHHasi BecoBas Harpy3ka (110 COpTaMeHTaMm):
0 m;=-0.50 xH/m (TpyOBI ¢ HApYKHBIM TUAMETPOM 273 MM);
0 m;=-1.00 kH/m (TpyOBsI ¢ HapYy>XKHBIM AUaMeTpoM 219 Mm);
0 m;3=-1.20 xH/m (TpyOsI ¢ Hapy>KHBIM aHaMeTpoM 133 mm).
» COCPEIOTOYCHHBIC CHIIBI B TIPOMEKYTOUHBIX CCUCHUSX:
o F;=-04xH;
o F,=-2xH.

T'eomempus (mpacca, ceuenus, snemenmot) — Bo BXogaoM (Paitnme TEST34V1.dat.

34.3 PacueTrHas Moaejab

Pacuernas monens, nocrpoennas B [IK ACTPA-A2C 2009 u noka3anHasi Ha puc. 34.1 —
34.3, conepxkut 745 cynepaneMEHTHBIX y370B, 768 ydacTKOB-CynepaJeMeHTOB, 7128 sneMeH-
TOB. B cocTaBe aHanu3upyeMoit Mojenu uMeroTcst 24 0AMHAKOBBIX 0JI0Ka, BKIIFOUEHHBIE C LIEIIbIO
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npoBepku 2P(HEKTUBHOCTH ONPECICHUS KPaTHBIX COOCTBEHHBIX 4acTOT. PaccMarpuBaercs Tpu

BapHaHTa JaHHOW MOJIEIH C Pa3IMYHBIM KOJMYECTBOM JIMHAMUYECKUX CTeneHeil cBoOo bl (8355,
13467 u 23475).

MPEMPOUECC

MPEMPOUECC

=

A 6
ACTRAADE ;

Puc. 34.2 Kpaiinuii 610k ACTPA-monenu TpyOonpoBOIHON CHCTEMBI
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s LI i “x}q;.-,{

ACTRAADE

MPEMPCLE OO

745

b
Puc. 34.3 Tunosoii 6110k ACTPA-monenu TC

34.4 PacueTHast MEeTOANKA

Jis pemieHus 4acTUYHOW TpPOOJIEeMbl COOCTBEHHBIX 3HaueHWH (ompemeneHue S50-Tu
HU3IIHUX COOCTBEHHBIX YacTOT paccMaTpPUBAEMON TpyOONpPOBOAHOW CHUCTEMBI) MPUMEHSIETCS
Onounblii MeTox JlaHmoma ¢ 61049HOCTBIO 10 M TOYHOCTBIO BBIYMCICHHS BBICIICH COOCTBEHHOM
gactotsl 5-107.
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34.5 Pe3yabTaTsl

B tabnuue 34.1 npuBeneHs! pacueTHble 3HaUeHUS S0-TH HU3MIUX COOCTBEHHBIX YACTOT
JUISL PA3IMYHOTO YMCia JUHAMUYECKHUX cTereHell cBo0obl. [lokazaHa cXxoquMoOCTh pe3yibTaToB
Py YBEIMYCHUH YHCIIa JTUHAMHYECKHUX cTereHed cBoOojbl. Takke ykazaHO Bpems cyeTa s
[I9BM co crenyromuMu XxapakTepuCTUKaMHU:
O TakToBas yactora npoueccopa 3.00 I'T';
o O3V 2.00TB.

Tabmuna 34.1
PacueTHble COOCTBEHHBIE YaCTOTHI, 111

No 4acTo- Bapwuanr 1. Bapwuanr 2. Bapwuanr 3. d12, % 023, %
151/dopbI (8355 munam. (13467 nunam. (23475 nuram. Bap.l vs. Bap. 2 vs.
CT. CB.) CT. CB.) CT. CB.) Bap. 2 Bap. 3
1 0.5584 0.5639 0.5647 0.98 0.14
2 0.6292 0.6357 0.6366 1.03 0.14
3 0.6300 0.6364 0.6374 1.02 0.16
4 0.6312 0.6377 0.6386 1.03 0.14
5 0.6329 0.6394 0.6403 1.03 0.14
6 0.6350 0.6415 0.6424 1.02 0.14
7 0.6376 0.6441 0.6450 1.02 0.14
8 0.6405 0.6470 0.6479 1.01 0.14
9 0.6437 0.6503 0.6512 1.03 0.14
10 0.6473 0.6539 0.6547 1.02 0.12
11 0.6510 0.6576 0.6585 1.01 0.14
12 0.6550 0.6616 0.6624 1.01 0.12
13 0.6590 0.6656 0.6665 1.00 0.14
14 0.6631 0.6697 0.6705 1.00 0.12
15 0.6671 0.6737 0.6746 0.99 0.13
16 0.6711 0.6777 0.6785 0.98 0.12
17 0.6749 0.6814 0.6823 0.96 0.13
18 0.6784 0.6850 0.6858 0.97 0.12
19 0.6817 0.6883 0.6891 0.97 0.12
20 0.6846 0.6912 0.6920 0.96 0.12
21 0.6871 0.6937 0.6945 0.96 0.12
22 0.6892 0.6957 0.6965 0.94 0.11
23 0.6906 0.6971 0.6979 0.94 0.11
24 0.6916 0.6980 0.6988 0.93 0.11
25 0.8809 0.8442 0.8448 4.17 0.07
26 0.9450 0.8868 0.8878 6.16 0.11
27 0.9450 0.8868 0.8878 6.16 0.11
28 0.9451 0.8869 0.8879 6.16 0.11
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No 4acTo- Bapwuanr 1. Bapuanr 2. Bapwuanr 3. d12, % 023, %
TB1/dopbI (8355 munam. (13467 nunam. (23475 nunram. Bap.1 vs. Bap. 2 vs.
CT. CB.) CT. CB.) CT. CB.) Bap. 2 Bap. 3

29 0.9451 0.8870 0.8880 6.15 0.11
30 0.9452 0.8871 0.8881 6.15 0.11
31 0.9453 0.8873 0.8882 6.14 0.10
32 0.9455 0.8874 0.8884 6.14 0.11
33 0.9456 0.8876 0.8886 6.13 0.11
34 0.9457 0.8879 0.8888 6.11 0.10
35 0.9459 0.8881 0.8891 6.11 0.11
36 0.9461 0.8883 0.8893 6.11 0.11
37 0.9462 0.8886 0.8896 6.09 0.11
38 0.9464 0.8889 0.8899 6.08 0.11
39 0.9466 0.8891 0.8901 6.07 0.11
40 0.9467 0.8894 0.8904 6.05 0.11
41 0.9469 0.8897 0.8907 6.04 0.11
42 0.9470 0.8899 0.8909 6.03 0.11
43 0.9471 0.8901 0.8912 6.02 0.12
44 0.9473 0.8903 0.8914 6.02 0.12
45 0.9473 0.8905 0.8915 6.00 0.11
46 0.9474 0.8906 0.8917 6.00 0.12
47 0.9475 0.8907 0.8918 5.99 0.12
48 0.9475 0.8908 0.8918 5.98 0.11
49 1.4004 1.3330 1.3344 4.81 0.11
50 1.7396 1.6879 1.6872 297 0.04

cfé’f;f . 31.28 72.42 864.35

CrnenyeT OTMETUTD, YTO KOJIMYECTBO KPATHBIX (MM OJIM3KUX K TAKOBBIM) COOCTBEHHBIX
4acTOT MO pe3yJibTaTaM pacdera cocTaBuio 22 (IpU YHclie TOBTOPSIOMUXCS 610koB 24). 3TOoT
bakT MOXHO OOBSICHUTH PACIOIOKEHHEM 2-X U3 OJIOKOB MO KpasiM paccMaTpuUBaeMoi Tpyoo-
MIPOBOJIHON CHCTEMBI, YTO OOYCJIABIMBAET UX OTIMYHBIC OT OCTAIBHBIX MOBTOPSIONINXCS (par-

MEHTOB JIMHAMHUYECKHE CBOICTBA.
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