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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

OO011ue moJI0KEeHu s

1. Hacrosiuee Ipunoxenne 1 (Tom 2) BepuUPHUKAIMOHHOTO OTYETA COJEPIKHUT TOJIBKO
IpUMeEpbI, TOBTOpsIONIME 3aAaul u3 BepugukammonHoro oryera [IK ACTPA-ADC 6.1, atte-
ctoBaHHoro B 1995 r., mia noareepxnaenus uaeHtuyHoctd ACTPA-ADC 2009 “crappiM” BO3-
MOKHOCTSIM.

[ToaTomMy B KauecTBE OAHOTO M3 “3TAJOHHBIX PEHICHHUH Bceraa (GUTYPUPYET YUCICHHOES
pemenne ACTPA-ADC 6.1 (7 — B matpune Bepudukanuu Nel). HecymecTBennsle oTiinuus pe-
3yJIBTATOB 10 BEPCUSM B HEKOTOPBIX 3aJadyax BBI3BAHBI OOJIBIICH TOYHOCTHIO U HOBBIMH BO3-
MoxHocTsIMH MojenupoBanus B ACTPA-ADC 2009 (nporpammHast peanu3anus 3HAaYUMBIX BbI-
YHUCIIUTENbHBIX AJITOPUTMOB U XpaHEHUE MACCUBOB C IBOMHOM TOYHOCTBIO, YUET Y3JIOBBIX CHUJ U
Macc HEMOCPECTBEHHO B y3JI€ CYIEep3IeMEHTHON MOEIH U JIp.).

2. “IlorpemHocTH” (pacxoXkIeHUs) MOJydeHHbIX pe3yibTaToB 1o ACTPA-ADC’2009 ¢
“ITaIOHHBIMU PELICHUSIMH OIIpeensTcs Kak (0,%)
60=|(A-B)/B]|-100,
rae A — pacuetHslii ACTPA-napamerp, B — BennunHa “3TanoHHOr0” pemeHus.

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




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

Martpuusbl Bepuduxanumn

ACTPA-ADC’2009. Matpuna Bepupuxkanun Nel, yacts 1

MaxkcumaJibHOe
Coueranune Tun npo- o
HaumeHoBaHue OunennBaemMblie pacxo:xaenue, %
Ne HArpy- BEePKH pe- DJIeMeHThI
TecTa s . napaMeTpbl
30K/BO3/1elicTBUIl | 3yJBTATOB Sranon ACTPA-
A3C 6.1
Pacuer KOHCOIBHOTO
nomykornsua (rub, Ko- [Mepememenns 0.64 0.00
JIEHO Gomposozaa 1), OrtBox (110, KO-
Tpybonposona) CocpenoTodueHHAs (1 A(
Ha COCPEIOTOYCHHYIO (2- JICHO), TIpAMast
1 craThyeckas Ha-
Harpy3Ky B IUIOCKO- rOVaKa ANSYYS), TpyOa, MepTBas
ctu. ComocTaBieHue ¢ Py @) onopa (3aaenka) 0
MTOPHBIC peaK-
AQHATUTHYECKIM H YHC- v 0.00 0.00
JICHHBIM PEIICHHEM
Pacuer koHCOJIBHOTO
moJiykosbia (rud, Ko-
ﬂeH(})f 1160(rl o;oua) OtBox (146, Ko- [lepememenns 0.87 0.00
A cocTI;}z,LOTOEeHH o CocpenoTodyeHHas (1), (2- JICHO), TIpsIMast
2 p Y CTaTHUYECKas Ha- ANSYS), TpyOa,
HATPY3Ky H3 IUIOCKO-
rpy3Ka @) MepTBas oropa
ctu. CormocraBieHue ¢ (sanenKa) OmODHAIE Deak
AHAITUTUYECKUM U YHC- P - P 0.00 0.00
JICHHBIM PEIICHHEM H
3amemiieHHOE  TI0JTy-
Pacripenenénnas OtBop (rud, xKo-
KOITBIIO NOJL COOCTBCH- CTaTI/lI)‘IéICKaH Ha (2- JIeHOI)I (11 Mast Hepevetternx 018 009
3 | veim Becom. Cormoc- ANSYYS), - 1P
TaBJICHUE C JAPYTHUMH rpy3Ka (coocTsen- 5), (7 Tpy0a, MepTBas OnopHele peak-
HEI BEC) ’ omopa (3aenKa) 3.81 0.00
porpaMMaMu UK
KoHconp, HarpyxeH-
Hasl CHJIOW Ha CBOOOJ- CrepxeHb He-
HOM KOHIIE (CeueHHe Cocpenorouennas KOJIBIIEBOTO Ce
4 cTaTH4ecKas Ha- (D, (7 INepememenus 0.00 0.00
obmero Buga). Cormoc- rDVaKa YeHUs, MEPTBas
TaBJICHUE C aHAJUTH- Py onopa (3aaenka)
YECKUM PEIICHIEM
Kouconps mox paBHO-
MEpHO pacmpesiescH- i
P pactpex Pacnipenenénnas Crep>keHb He-
HOH HArpysKoi (ceue- cTaThdeckas Ha KOJIBIIEBOTO Ce
5 | Hue oOmero BHIA). (D), (7 IepemereHust 0.01 0.08
rpy3ka (coOcTBeH- YeHHUsI, MepPTBas
ConocraBiieHHE ¢ aHa- N
HBIN BEC) onopa (3aaenka)
JUTHYECKIM pEIIeHH-
eM
Koncoapnas Oanka,
Harpy>XeHHasi Ha KOH- [psmas tpyOa,
ue Kpyramum MmomeH- | CocpenoroueHHas CTEepKEHb He-
6 | Tom (ceueHnue oOIiero | craTuyeckas Ha- (D), (7 KOJIBIIEBOTO Ce- [Tepememenus 0.00 0.00
Buaa). ComocraBieHue rpy3ka YeHUs, MepTBas
C aHAINTHYECKUM pe- onopa (3az1enka)
ICHUEM
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

MaxkcumaJibHOe
Coueranune Tun npo- o
HaumeHoBaHue OunennBaeMblie pacxo:xaenue, %
Ne HArpy- BEePKH pe- DJIeMeHThI
TecTa s . napaMeTpbl
30K/BO3/1€licTBHIl | 3yJBTATOB Sranon ACTPA-
A3C 6.1
[psamas Tpyda
OnopHbele  KOHCTPYK- p pyod,
HaTPAaBJIIOIIAS [Tepememienus,
uuy, 3amaHaeie B Me- | CocpemoTodeHHas OIIODA. MEDTRAS €aKILH B OTIO
7 | ctHOM cucTeMe KOop- | cTaTudeckas Ha- 6), (7 pa, MEp p 0.00 0.00
. oropa (3azenka), | pax, HampsbKe-
muHat. Cratmdyeckuid Tpy3Ka
orropa o0IIero HUSA
pacuer
BHJA
CoOCTBEHHBIE YaCTOTHI [Mpsimas TpyOa,
NPSAMOJIMHENHON - HalpasJAoLIas
651 C ONOPHBIMH gl}; Cobersenbie wac- onopa Me iaﬂ CoOcTBeHHbIE
8 cT KIII/IS[I\EI/I 3a1aH TOTBL M hopMeL ©), (7) 0110 pa ESa[[I;JIKa) 4acTOThI 0.00 0.00
by Do KoJIeOaHmi P ’
HBIMH B MECTHOHM CHC- oropa o01ero
TeMe KOOpIHHAT BHIA
CoOCTBEHHBIE YaCTOTHI
CrepxeHb He-
CTEpXKHS C TMonepey- 0.09— 0.27—
CoOcTBeHHBIE Yac- KOJBLIEBOTO Ce-
HBIM CEUYCHHEM oOrie- CoOcTBeHHBIE HU3IINE | HHU3IIHE
9 TOTHI H (POPMBI D, 5), (N YeHHS, TpsAMast
ro Bumga. Comocrasie- . Y4aCcTOTHI 0.63— 3.97-
KoneOaHui TpyOa, MepTBas
HUE C aHAIUTHYCCKUM BBICIIE | BBICIIHE
omopa (3a/1enKa)
pemeHneM
CoOCTBEHHBIE YaCTOTHI [psmas TpyOa,
MIPOCTPAHCTBEHHOTO otBoJ (THO, KO-
KpHBoIJ)mHeﬁHoro Cobersenibie tac- HGHO? (Me :FBaSI CoOcTBeHHbIC
10 | P Totsr v dopmer | (1), (3), (7) » MCP 1.42 0.86
crepxHsa.  Comocrtas- N omnopa (3amenka), YaCTOTHI
KoJsieOaHui
JICHHE C aHaJUTHYe- HETIOJBIDKHAS
CKUM pelIeHUEeM oropa (1apHup)
BoeiHyX€HHBIE yCTa-
HOBHBIIHECS Koieba-
HUsI KOHCOJIBHO 3akpe- | CocpenoroueHHast [Mpsimas TpyOa,
11 | mneHHOrO CTEepIKHA JTUHAMHUYecKast (N, (7D MepTBas onopa ITepememenus 12.02 0.16
(ACTPA-BUBP). Co- Harpyska (3anernka)
MIOCTABJICHUE C aHaJH-
TUYECKHM pPELICHHEM
BeinyxeHHbIE HeEyc-
TAHOBHBILIMECS KOJe-
O6aHus KOHCOJBHO 3a- | CocpernorodeHHas (2-ANSYS) [psmas TpyOa,
12 | KpemIeHHOTO — CTepiK- TUHAMHAYeCKast 1) MepTBas oropa [Mepememenus 4.53 0.00
. ComocTaBiieHHE C Harpyska (3amenka)
IPYTHMH TIpOTpaMMa-
MU
Pacuer coOCTBEeHHBIX [psmas TpyOa,
gactoT U (opMm pasz- o1BoJ (THO, KO-
BETBJICHHOM npo- JIEHO), TPOMHHK,
. CoOcTBeHHBIE Yac-
CTPAaHCTBEHHOW  Tpy- (2 -PAM- | mpyxuHHas MOA- CoOcTBeHHBIC
13 N TOTHI ¥ (HOPMBI 12.45 1.50
OONpPOBOIHON  CHCTE- N ITA), (7) BecKa, MepTBast YaCTOTHI
KoJsieOaHui
Mol ADC ¢ PBMK onopa (3azaenka),
(momBoma W cbpoca oropa o01ero
napa 3a ['TIK) BHJA
[Ipsamas Tpyda
Pacuer coOCTBEeHHBIX p pyoa,
oTBOJ (THO, KO-
gactor U (opMm pas- .
o JICHO), TPOWHUK,
BeTBIIeHHOW  TpyOo- | CoOcTBEeHHbIE Yac- (2- MepTBAs ooba CoBeTBeHHbIe
14 | npoBomHON  cHCTEMBI TOTHI ¥ (HOPMBI PAMIIA), (3:z(em<a) HE 4ACTOTEI 24.49 0.95
ADC ¢ PBMK (mpuema KoJie0aHui @) ’
MpaBJISIOIIAs
MapoBEIX CcOpPOCOB OT
oropa, oropa
I'TIK)
o01ero Buzia
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

MaxkcumaJibHOe
Coueranune Tun npo- o
HaumeHoBaHue OunennBaeMblie pacxo:xaenue, %
Ne HArpy- BepPKH pe- DJIeMEeHThI
TecTa > N napamMerpsbl
30K/BO3JEICTBUI | 3yJbTATOB Sranon ACTPA-
A9C 6.1
IIpoBepka mpaBUIIBLHO- Temneparypa, [psmas tpyOa,
CTH ONpeNesIeHus pac- | JaBleHUE, pacipe- oTBOJ (THO, KO-
15 | gyeTHBIX ycHIWi W Ha- | IenEHHAs cTaTH4e- (D), (7 JIEHO), TPOMHHK, Hampsokenus 0.04 0.00
MPsDKEHUH B 3JICMCH- CKas Harpy3ka MepTBas oropa
Tax TpyOonpoBoaa (cobcTBeHHBIH Bec) (3amenka)
IIpoBepka npaBUIIBLHO-
poBep P [Mpsimas TpyOa,
CTH Pactetra Hactot Ceilicmuueckoe (2- otBoJ (Tud, KO- CoOcTBeHHbIE
16 | dopMm  cOOCTBEHHBIX N CANPIPE), ’ 1.22 0.00
9 . BO3JICHCTBUE JICHO), MEepTBast YaCcTOTHI
KojieOaHui U cefcMu- @)
o oropa (3a1e1Ka)
YECKOH peaKIiu
[psmas TpyOa,
Temneparypa, co- -
Pacuer TpyOompoBona parypa, oTBOZ (THO, KO [lepemerenus 5.40 0.00
cpenoToYeHHast JIEHO), oTopa
17 | ¢ yueToM TpeHUsS B (N, 3), (M
OHOan CTaTHU4YCCKas Ha- TpeHI/Iﬂ I];ByCTO—
3Ka
Py POHHAA, MCpTBAA Cusl TpeHHS 3.82 0.64
onopa (3aenka)

[Ipumeyanue:

(1) — cpaBHeHHE C aHATUTUYECKUM PEIICHUEM (B T.4., C HOPMAaTUBHBIMHU (OPMYIIaMu);
(2) — cpaBHEHUE C aNbTepHATUBHBIMU aTTecTOBaHHBbIMU [1C;
(3) — naHHbIE U3 INTEPATYPHBIX UCTOUHUKOB;

(4) — PKCIEPUMEHT;

(5) — ananM3UpyeTCs CXOAUMOCTh PEIICHHUS B 3aBUCUMOCTH OT KadecTBa (1oApoOHOCTH) pacyeT-

HOI MOJIEJIN;

(6) — aHanM3UpPyeETCs UHBAPUAHTHOCTD PEIICHUS 110 OTHOIIEHUIO K KOHKYPHUPYIOIIUM BapuaHTam

MOZACIINPOBAHUA.

(7) — cpaBHenue ¢ panee arrectoBanHoi Bepcueit [IC ACTPA-ADC 6.1.
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ACTPA-ADC’2009. Bepudukarmonsslii oraet. Tom 2 (mpumepsI-oBTOpsI 1995+)

ACTPA-A3C’2009. MaTtpuua Bepudurxanumn Ne2, yacts 1.
DJIeMeHTBI TPYOONIPOBOAHOM CHCTEMBbI

Snement TC Homepa Bepl/l(l)I/I;)(::::HOHHLIX npume-
Mpsivas pyGa 1,6,2,1;, 6,7,8,9,10,11, 12, 13, 14, 15,
OtBOJ (THO, KOJICHO) 1,2,3,10,13, 14, 15,16, 17
TpoliHHUK 13, 14, 15
Kommnencarop (JIMH30BBINH/CHITB(MOHHBIN)
ITepexon
Daanern
JIOHBIIIKO (AHUIIE, KPBIIIKA)
Apwmartypa
Ornopa TpeHus OAHOCTOPOHHSIS
Onopa TpeHus! IBYCTOPOHHSIS 17
Ornopa TpeHus: HanpaBJISoNIas 7,8,14
HenonsuxkHas onopa (1apHup) 10
Ornopa mepTBas (3aeKa) 175,2’12: ‘1"75’ 6,7,8,9,10, 11,12, 13, 14,
[IpyxuHHas noaBecKa 13
Kectkas nojBecka
Omnopa o01iero Bujaa 7,8,13, 14
AmopTtH3zarop
Creprxenb 00111ero Biaa (HEKOJIbIIEBOTO CEUCHHUS) 4,5,6,9
Kectkuit 5ieMeHT (BCTaBKa)
Matpuunslii cynepanemenT (Kpeiira-bemntona)
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ACTPA-ADC’2009. Bepudukarmonssiii otaeT. Tom 2 (mpuMepsI-IoBTOpHI 1995+)

ACTPA-ADC’2009. Marpuua Bepudurxanun Ne3, yacts 1 (3;1emenT TC/ Bua pacuera / Homep npumepa)
z gl & |s |8 - S| < o] 3l
AL SN N SR S A ) S
2l Sl =l =l | 2| 543 3/ 33 {5 3| £3= 2| | § S| £ |¥s
AHEE R EEEEIENH IR
X S DI IS I S S SISy SR ]l = 8 | O E S X =§§§
S| <= SIS | & = £ ]88 S ]S 3|S S S ERIEE RS S 2 S |33
SlslS[83 S| S| 5| 9SS elsgES L8182 S| SETS|E|ES
S 5 TlEIES s s i Y s |8 (S| SEF g 38
S = o) 3
< SIS IS S |2 S | x| 8 5 S K|S
1,
2, |1, 1, 2,
CraTuka u HMK- 3, 2, 3, 4, 4. 5
auka (ACTPA- 6, |3, |15 17 |7 5, 6, 7 6, ’
CTAL) 7, |15, 7, 15,
15, | 17 17
17
8,
Co0cTBEeHHDBIE 9, |10, sl;i) % 8
yacrorel u ¢op- | 10, | 13, | 13, 8, 10 13’ 13 13 9
MBI  KkoJeoanmii | 13, | 14, | 14 14 14’ 14’
(ACTPA-®OPM) | 14, | 16 ’
16
16
Ceiicmuka (ACT-
PA-CEHMCM) R g
Buopanun  (AC-
TPA-BUBP) 11 11
JAnnamuuyeckue
BO3eHCTBUA 12 12

(ACTPA-JITH)
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ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

Ipumep 1. PacueT KOHCOJBHOr0 MOJIYK0JIbIA (THO, KOJIEHO TPYOONPOBOIa) Ha CO-
CPeI0TOUYEHHYI0 HATPY3KY B IJIOCKOCTH. CONOCTAB/IEHNE ¢ AHAINTHYECKUM W YMCIeHHBIM
pelieHneM

1. I'.C.ITucapenxo, A.Il.fIxoBneB, B.B.MarBeeB. CripaBOUYHHK
110 CONPOTHBIIEHUIO MaTtepuasioB. 13n. “HaykoBa nymka”. Ku-
eB. 1988 r.

2. ACTPA-ADC 6.1. BepudukaiiioHHbIH OTYET.

HUILL CtaluO, 1995

3. ANSYS 11.0. Verification manual, 2007

Tun 3agaun Cratnueckuit pacuetr HJIC

Tun(s) Bepudpuumpye- | Omeoo (cubd, koneno), npamas mpyoa, mepmeas onopa (3aoeJ-
MBIX JIEMEHTOB Ka)

Bxoauoii daiia TESTOI1.dat

Hcrounux(m)

1.1 ITocTanoBKAa 3aa4u

Paccmampusaemcs KOHCONBHOE TOJIYKOJBLO KOJBLEBOIO IONEPEYHOIO CEYCHMs, Ha-
xXozdiueecs MoJ JeHCTBUEM COCPENOTOYEHHOM CUIIBI, IIPHIIOKEHHOM 110 IUAMETPY B €T0 IIJIOCKO-
ctu (puc. 1.1).

Tpebyemcs onpenenuth TUHEWHBIE (#,v) U yrioBble (#;) TepeMenieHnss KOHCOIBHOTO
TOpLA U YCUIHS B 3a/I€TIKE.

[IpoBecTu cpaBHEHHE C AHATIUTUYECKUM pPEUICHUEM, IPUBEACHHOM B UCTOUYHMKE [1] Ha
ctp. 405, 1 ¢ pe3yapTaramu, MOJyYEHHBIMU 1O aTTecTOBaHHBIM nporpamMmam ACTPA-ADC 6.1
[2] 1 ANSYS [3].

V4

Puc. 1.1 PacuetHas cxeMa MoayKoJbla MO JEUCTBUEM COCPEIOTOYEHHOMN CHITBI

' TIpumep 1 B Bepuduxanmonnom oruere IIK ACTPA-ADC 6.1, 1995 .

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 9




ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

1.2 Ucxoaublie JaHHLIEC

I'eomempuueckue xapakmepucmuxu
» paamyc CpeIuHHOM MOBEpXHOCTH TPYOb! Ry = 0.02 M,
» rtommmHa cteHKka S = 0.01 M,
» pamuyc ruba R =1 m.

Du3zuko-mexanuieckue XapaKmepucmuxu
> wmomyis yrpyrocra E = 2:10° MITa;
» koapdumment [lyaccona v=0.3;
> IUIOTHOCTH MaTepHana p="7.8 T/m’.

I'panuunsie ycnosus (onopuwi)
» 3amiemiieHue (3a7eN1ka) OJTHOTO U3 KOHIIOB.

Ilapamempul nazpysxu
» cocpenoroueHHas cuna F = - 1 kH Ha npyrom koHrie.
1.3 PacueTHas moaejnb

[Tonykonblo Mozaenupyercst IByMs IMOCIEIOBATEIbHO COCAMHEHHBIMM IMOamu (puc.
1.2-1.3) ¢ ManbIMM IpSMOJIMHEWHBIMHU ydacTKaMu AiauHOH 10 MM kpasm (cMm. puc. 1.4-1.5). 3o-
Ha MPUJI0KEHUS COCPEIOTOUCHHON HArpy3KH MoKa3aHa Ha puc. 1.6.

e 6

Puc. 1.2 Pacuetnas ACTPA-Mozaens nonykosbla. OceBoe npeAcTaBieHUe. Y 3ibl, CEUECHUS

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




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

PEEMPOUELCON

o -1
T B
MPEMPOUECC

Puc. 1.3 Pacuetnas ACTPA-mozens nomykonbua. O0beMHOE MPEICTaBICHUE

& m
ACTPh-AIT
Puc. 1.4 IlpsMonuHEWHBINH OTPE30K (JIEMEHT), IPUMBIKAIOIINN K 331K

11

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



ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

ALTF AT

Puc. 1.5 3ona coenunenus ru6oB (pa3Mepbl — B MM)

ALTF AT

Puc. 1.6 3ona npunoxxeHus: Harpy3Ku

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

1.4 Pe3yabTaTsl

1.4.1 Ananumuueckoe peuienue
Hcnonszyem dhopmyinbl, npuBeaeHnsie B [1] Ha ctp. 405

MOMEHT uHEepUUH:
I= 6—’;(0.054 ~0.03*)=2.67-10" m*

ropI/ISOHTaHBHOC MEpEMCIICHUC:

3 . 3 ;
y= LR fa sm2a) LD f7 SM27_ o9 45w
EI \2 4 2-10"-2.67-10 2 4
BeprukanbHOE nepeMeleHue:
3 _ 2 _1.13 _ 2
y = LR (=cosa)” I 2008 37 45 wm

EI 2 ©2.108-2.67-1077 2
VYrioBoe nepemMenicHue:

2 _1.12
92=F"R ‘(I-cosax) = 5 I —
EI 2-10°-2.67-10

-(1—cosz)=-3.745-10"pan

[Tonepeunas cuiia U3 yCa0BUS PABHOBECUS:

Q:Fx

1.4.2 Yucnennoe pewienue 6 ACTPA-A3C°2009

Pesynbraramu pacuera SBISIIOTCS JIMHEWHbIE (u,v) U yriioBble () mepeMelieHust KOH-
COJILHOTO TOPIA U YCUJIUSA B 3aJieTKe. JINHEHHbIE TepeMeIleHus T0Ka3aHbl Ha puc. 1.7.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 13




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

&’ . 3
AR A I

Puc.1.7 ACTPA-ADC’2009. [lepemenieHus MoayKoablia Mo AEHCTBUEM COCPEIOTOUCHHOM CHU-
76l Fy, IPUIOKEHHOM B €r0 INIOCKOCTH, MM

1.4.3 Cpagnenue pezyiomamos

CpaBnenue pesynbraToB pacuera no [IK ACTPA-A2C 2009 ¢ anHanuTuuecKUM perie-
Huewm [1], panee arrectoBanHoi Bepcuerd ACTPA-ADC 6.1 [2] u IIK ANSYS [3] npuBeaeHo B
tabmuue 1.1.

Tabmuua 1.1
ComnocraBieHue pe3yJbTaToB
Bapuant U, mm V, mm 0. ><102,pa0 0., kH
Teopus [1] -29.42 -37.45 -3.745 -1.000
ACTPA-A2C°2009 -29.38 -37.57 -3.739 -1.000
ACTPA-ADC 6.1 [2] -29.38 -37.57 -3.738 -1.000
ANSYS [3] -29.45 -37.45 -3.745 -1.000
0

(pacquS;sA)TeopHa) 0.10 0.64 0.16 0.00

Pesynprarel o Bepuduiupyemoit Bepcuu ACTPA-ADC 2009 naeHTUIHBI TAKOBBIM T10
panee arrectoBanHoil [IK ACTPA-ADC 6.1[2].

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




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

1.5 JIutepaTtypa

1. I'.C.ITucapenko, A.Il.fIkoBnes, B.B.MartBeeB. CripaBOYHHUK MO COIPOTUBIICHUIO Ma-
tepuanos. U3xa. “HaykoBa nymka”. Kues. 1988 r.

2. ACTPA-ADC 6.1. Bepuduranmonnsiii oraer. HUL[ Cta/lnO, 1995.

3. ANSYS 11. Verification manual. 2007.

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




ACTPA-ADC’2009. Bepudukarmonnsiii otaet. Tom 2 (mpuMepsI-loBTOpE 1995+)

IIpumep 2. PacueTr KOHCOJIBHOTO MOJYKOJbIA (TH0, KOJIEHO TPYOONIPOBO/Ia) HA CO-
CPEeA0TOYECHHYH) HATPY3Ky M3 IJIOCKOCTH. ComocTaBjieHHe ¢ AHAJIUTHYECKMM W YHUCJEH-
HBIM peleHneM

1. I'.C.ITucapenko, A.Il.fIxoBneB, B.B.MatrpeeB. CripaBOYHUK
II0 CONPOTHBIIEHUIO MaTtepuanoB. 13n. “HaykoBa nymka”. Ku-
eB. 1988 r.

2. ACTPA-ADC 6.1. BepudukaiioHHbIi OTYET.

HUILL CtaluO, 1995

3. ANSYS 11.0. Verification manual, 2007

Tun 3agaun Cratnueckuit pacuetr HJIC

Tun(s) Bepudpuumpye- | Omeoo (cubd, koneno), npamas mpyoa, mepmeas onopa (3aoeJ-
MBIX JIEMEHTOB Ka)

Bxoauoii daiia TESTO02.dat

Hcrounux(m)

2.1 IlocTaHoBKa 3aAa9YN

Paccmampusaemcss KOHCOJIBHOE TOJIYKOJIBIO KOJIBLIEBOTO MOMEPEYHOTO CEYEHHs, Ha-
xoAsuieecs MnoJi JeMCTBUEM COCPEIOTOUYCHHOM CUJIbI, HAIIPABJIEHHOW HOPMAJIbHO K €T0 IJIOCKO-
ctu (puc. 2.1).

Tpebyemcs onpenennuTs AUHEHHOE (W) U yrinossle (6, 0,) nepeMenieHns: KOHCOIbHOIO
TOpLIA U YCUIIHS B 3aJ€IIKE.

[IpoBecT cpaBHEHUE C aHATUTUYECKUM PEIICHUEM, ITPUBEACHHBIM B UCTOUYHHKE [1] Ha
ctp.407, u ¢ pesyapTaTamMu, MOJIy4EHHBIMH 1O aTTecToBaHHBIM nporpammaM ACTPA-ADC 6.1
[2] m ANSYS [3].

Z

Puc. 2.1 PacueTHast cxema MOJIyKOJbIIa MO IEHCTBUEM COCPETIOTOYCHHON CHITBI

? Ipumep 2 B Bepudukamuonrom oruete [IK ACTPA-ADC 6.1, 1995 .

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




ACTPA-ADC’2009. Bepudukarmonnsiii otaet. Tom 2 (mpuMepsI-loBTOpE 1995+)

2.2 UcxoaHbie JaHHBIE

I'eomempuueckue xapakmepucmuxu
» paamyc CpeauHHOI moBepxXHOCTH TPYyOb! R=0.02 M,
» rtommHa creHkn $=0.01 m,
» paamyc ruda R=1 m.

Du3uko-mexanuieckue XapaKmepucmuxu
> momyis yrpyroctd E=2-10° MITa;
» koapdumment [lyaccona v=0.3;
> ILUIOTHOCTH Matepuana p = 7.8 T/M’.

I'panuunsie ycnosus (onopwi)
» 3amiemiieHue (3a7eNka) OJTHOTO U3 KOHIIOB.

Ilapamempor nacpysxu
» cocpenoroueHHas cuna F; =1 kH Ha 1pyrom KoHIie.

2.3 PacueTrHass Moaeiib

[TonykonbLo Mozenupyercst IByMs IOCIEI0BATEIbHO COEIMHEHHBIMH TrMbamu (puc.
2.2-2.3) ¢ MajbIMU IPSAMOJMHEWHBIMH ydacTKaMu JIMHOM 10 MM mo kpasim (cM. puc. 2.4-2.5).
30Ha NIPUJIOKEHUSI COCPEAOTOUCHHOM Harpy3KHu Moka3zaHa Ha puc. 2.6.

e

G l
Flap 2t

Puc. 2.2 Pacuernas ACTPA-Moznens nonaykosnbia. OceBoe npeacTaBieHUE. Y 3ibl, CEUCHUS

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 17




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 2 (mpuMepsI-oBTOpsI 1995+)

MPENPOLUELCOP

r '-
- 6
AT

Puc. 2.3 Pacuetnas ACTPA-monens nonykonbiia. O0beMHOE TpeICTaBICHUE

MPEMPOUECC

~ 6
ACTRAAC

Puc. 2.4 IIpsMonMHEWHBINH OTPE30K (3JIEMEHT), IPUMBIKAIOIIUHI K 3a/1eJIKe (pa3Mephl — B MM)

3A0 HUILL Cra/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 18




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 2 (mpuMepsI-oBTOpsI 1995+)

~ é
ACTRAASEC

Puc. 2.5 3ona coequnenus ru6oB (pa3Mepbl — B MM)

ACTRAADC i

Puc. 2.6 3ona npunoxxeHust Harpy3ku (pa3Mepbl — B MM)

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 19




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 2 (mpuMepsI-oBTOpsI 1995+)

2.4 Pe3yabTarhbl

2.4.1 Ananumuueckoe peuienue
[Monywaem o gpopmynam, npuBeaeHHbIM B [1] Ha cTp. 407.

ITepemenienre BAOJIb OCH Z

3 —
WzFZR . 1+3}“-05+}L 1~sin2a—2l~sina =
EI 2 4

1-1° 1+3-1,3 1,3-1
= 8 =7’ T
2-10°-2,671-10 2

-sin27z —2-1,3-sin ﬁj =1,441-10"m

rIe

_zp*-a*) 3142

0.05* = 0.03*)=2,671-107 w*
64

1

EI  2:10°-7-(D'-d")-32 _

A= = 4 2 N
GI, 7,7-10"-64-7-(D"-d")

9

E 2-10°

G= = =7,7-10"MIla
2-(1+v) 2-(1+0,3)

VYrioBoe nepemermenue 6, :
2
0 = F.R
El
___=0001-1  [13-1
2:10°-2,671-1077 2

-[J;I-sinza—i—ﬂ-(l—cosa)}:

-sin® 7z +1,3-(1-cos ﬁ)i| =-4,867-10" pao

YTrIioBo€ nepeMenieHue ¢9y:
- FR? -1 . 1+ .
0 =———. /1—-51n2a+—i-a—/1-sma =
7 EI 2 2

___—0001-1  (13-1
2-10°-2,671-107 \ 2

1+13

sin 27 + -7 —13-sin 72') =-6,764-10" pao

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 2 (mpuMepsI-oBTOpsI 1995+)

2.4.2 Qucnennoe peuwrenue 6 ACTPA-A3C’2009

PesynbpraTamu pacdera sBIISIOTCS JUHENHOE (W) U yrinossle (6, 0y) nepeMeleHns KoH-
COJIBHOTO TOpIIa M YCUJIUS B 3a/ienke. JInHelHble nepeMenieHus moka3ansl Ha puc. 2.7.

310 B0E THAE)

. 1 6

Puc. 2.7 JIunelinble nepeMenieHus noayKoJblia Mo J1eHCTBUEM COCPEIOTOUCHHOM CUIIbI, HOP-
MaJIbHOM K €T0 IIJIOCKOCTH, MM

2.4.3 Cpaenenue pezynromamos

CpaBuenune pesysbraToB pacuera 1o [IK ACTPA-A2C 2009 ¢ aHanTUTUYECKUM pellie-
HueM [1], panee arrectoBanHoi Bepcueit ACTPA-ADC 6.1[2] u IIK ANSYS[3] npueneHo B
Tabiue 2.1.

Tabmumna 2.1
ConocraBieHue pe3ynbTaToB
Bapuant W, mm 6, x10°, pao 6, x10°, pao 0., kH
Teopus [1] 144.10 -4.867 -6.764 1.000
ACTPA-43C 2009 144.55 -4.856 -6.823 1.000
ACTPA-ADC 6.1 [2] 144.55 -4.856 -6.823 1.000
ANSYS [3] 144.20 -4.869 -6.766 1.000
0
(pacquS:/sA:r copu) 0.31 0.23 0.87 0.00

Pesynprarer o Bepuduiupyemoit Bepcuu ACTPA-A2C 2009 naeHTUIHBI TAKOBBIM 110
panee arrectoBanHoi [IK ACTPA-ADC 6.1.

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 21




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 2 (mpuMepsI-oBTOpsI 1995+)

2.5 JIutepartypa

1. I'.C.ITucapenko, A.Il.fIxoBnes, B.B.MaTtBeeB. CripaBOYHHK 1O COIPOTUBIICHUIO Ma-
tepuanos. 3. “HaykoBa nymka”. Kues. 1988 r.

2. ACTPA-ADC 6.1. Bepudpukaunonnsiii oruer. HUL[ Cra/luO, 1995.

3. ANSYS 11. Verification manual. 2007.

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 22




ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

IIpumep 3. 3amemMiIeHHOE MOJTYKOJIbIO MO cOOCTBEHHBIM BecoM. ComocTaBiieHne
¢ IPYrUMH NPOrpaMMaMu’

1. ACTPA-ADC 6.1. BepudukannoHHbIH OTYET.

HUcTounuk(un) HUII Cta/lnO, 1995
2. ANSYS 11. Verification manual. 2007
Tun 3agaun Cratnueckuit pacuetr HJIC

Tun(s) Bepuduumpye- | Omeoo (cubd, koneno), npamas mpyoa, mepmeas onopa (3aoeJ-
MBIX JIEMEHTOB Ka)

TESTO03V1.dat — BapuanT ¢ 2-Msa rubamu

TEST03V2.dat — Bapuant ¢ 4-ms1 rTubamMu

Bxoanoii gaiin

3.1 IlocTanoBka 3a1a4u

Paccmampueaemces 3amemiieHHOE TOJYKOJIBIIO, HAXOJAIIEeCs MO JACHCTBHEM COOCT-
BEHHOro Beca (puc. 3.1).

Tpebyemcs onpeaeIuTh MAKCUMATbHBIN TPOTHO Wy, 4y M YCHITHS B 3a7CIIKE.

I/ICCJIe,Z[OBaTI: CXOOUMOCTh AJITOPpHUTMA CTATHYCCKOI'0 pacucTa Ha CFyu[ElIOH.[CfICSI CCTKC
3JICMCHTOB.

V4 /S

Puc. 3.1 PacuerHas cxema 3a1auu: MOJYKOJIBIIO MO ACHCTBUEM COOCTBEHHOTO Beca

3.2 UcxoaHble JaHHBIE

I'eomempuueckue xapakmepucmuxu
» paamyc CpeIuHHOM MoBepXHOCTH TPYyObI Ry= 0.02 M,
» TtoamHa cteHKa S = 0.01 M,
» paamyc ruda R =10 m.

3 [Tpumep 3 B Bepudukanmonnom oruere [IK ACTPA-ADC 6.1, 1995 1.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 23




ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

Du3uko-mexanuieckue XapaKmepucmuxu
> wmoxyns ynpyroct E = 2-10° MITa;
» kodpdumment [lyaccona v=0.3;
> ILUIOTHOCTH Matepuana p = 7.8 T/M".

I'panuunsie ycnosus (onopwi)
» 3amiemiieHue (3a1enka) 000uX KOHIIOB.

Iapamempor Hazpysku
» coOcTBeHHBIN Bec (g = 9.81 M/c?).

3.3 PacueTnast MoaeJsnL

[TonyKonbpIO PaCCUMTHIBAIOCH MO HECKOJIbKUM cynepasieMeHTHbIM ACTPA-MonensM.
Paccmotpeno 2 BapuanTa. B nepBom Bapuante (puc. 3.2) MOIyKOIbIIO MOJACIUPYETCS IBYMs TH-
O6amu coeuHEHHBIMU MaJibIM (10 MM) TIPSIMOJIMHEWHBIM OTPE3KOM; BO BTOPOM — 4 THOAMU, Tak-
xKe coequHeHHBIMU Manbivu (10 MM) oTpe3kamu (puc. 3.3).

Ocesoe npedcmasnenue

ObvemHoe npedcmasnenue

Puc. 3.2 Pacuernas ACTPA-moznens. JIBa cynepanemMenTa

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 24




ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

Ocesoe npeocmasnenue

Obvemnoe npeocmasinenue

A

Puc. 3.3 Pacuetnass ACTPA-moznens. YeTslpe cynepaneMeHTa

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

T

25

b



ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

3.4 Pe3yabTarhl

B Tabnune 3.1. mpeacraBieHbl pe3ylbTaThl pacyeTa (MaKCUMANbHBIN MPOTUO U YCUITHS
B 3azaenkax) no [IK ACTPA-A2C’2009, paHee aTTECTOBAaHHON BEpPCHUM NPOrpaMMBbl
ACTPA-ADC 6.1[1] u mo ITIK ANSYSJ2]. IIpoBoauTCs X COMOCTaBIEHUE.

Tabmunia. 3.1
Pesynbrartel pacuera
Yucao cynep- W imaxs MM Qy9 xH N,, kH M,, kH'm
2JIEMEHTOB
ACTPA-ADC’2009
2 -108.7 0.61 -1.50 -0.85
4 -112.3 0.62 -1.51 -1.01
ACTPA-ADC 6.1 [1]
2 -108.8 0.61 -1.50 -0.85
4 1124 0.62 -1.51 -1.01
ANSYS [2] -112.5 0.62 -1.51 -1.05
5, %
ACTPA vs 0.18 0.00 0.00 3.81
ANSYS
S, %
ACTPA'2009 vs 0.09 0.00 0.00 0.00
ACTPA 6.1

MaxkcumanbsHoe pacxoxaenue ¢ ANSYS coctaBuio 0.18% mno nepemenienusim, 3.81% mo
ONOPHBIM peakiusIM, a ¢ paHee BepuduirpoBaHHoil Bepcueit mporpammel ACTPA-ADC 6.1 —
0,09% 1o nepemeneHusIM, 1o OMOPHBIM PEAKIUAM PE3YyJIbTaThl HJCHTUYHBI.

3.5 JIuteparypa

1. ACTPA-ADC 6.1. Bepudukaunonnsiit oruer. HUL[ Cra/Iu0O, 1995
2. ANSYS 11. Verification manual. 2007

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 26




ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

IIpumep 4. Konconb, HarpyeHHasi CHJIOH HA CBOOOTHOM KOHUe (ceyeHHe 001Iero
4
Bujaa). ConocrapiieHue ¢ aHAJIMTHYECKHM pellieHueM

1. B.M.®eonocbeB. ComporusieHue MarepuanoB. HM3a-Bo
Mctounnk(u) MI'TY um. H.O. baymana.
2. ACTPA-ADC 6.1. Bepuduxanuonunsiii oruer. HUIL]
Cra/luO, 1995
Tun 3agaum Craruueckuii pacuer HIC
Tun(b)
BepHpHUIHpPYeMBbIX Cmepoicenb HeKonbYyeso20 cevenus, mepmeas onopa (3a0enka)
3J1eMEHTOB
Bxoauoii ¢aiia TESTO04.dat

4.1 IlocTaHOBKA 321240

Paccmampusaemcss  xoHCONbHasE 0anka KBaJApaTHOTO  TOMEPEYHOTO  CEUCHUS,
Harpy»eHHasi COCpeI0TOUECHHOM cuion (puc. 4.1).

Tpebyemcs onpenenuTh epeMerieHne KOHCOIbHOTO KOHIA OaKH.

[IpoBecTr cpaBHEHHE C aHATTUTUYECKUM pelieHueMm [1].

A-A

< =
/ ]
B L=2000 I< _ 100

Puc. 4.1 PacueTHas cxema 3a/1a4u: KOHCOJIbHAs 0ajKa, Harpy>KeHHasi COCPEIOTOUCHHON CUIION

4.2 Ucxoannlie 1aHHbIE

T'eomempuyeckue xapaxmepucmuxu
> muHa Oanku L = 2 M;
» TIONEepPeYHOE CeUSHUE - KBaJIpat co cTopoHoi a = 0.1 M.

DuszuKo-mexanuyeckue XapaKmepucmuxu
» wmoxuyib ynpyrocta E=205000 MI1a;
» koa¢p¢unment Ilyaccona v = 0.3.

I'panuunsie ycnosus (onopwi)
» 3amiemiieHue (3a7e1ka) OJTHOTO U3 KOHIIOB.

Ilapamempor nacpy3xu
» cocpenoroueHHas cuia P = 100 kH Ha npyrom koHie.

* Mpumep 4 B Bepudukarmonsom oruere [IK ACTPA-ADC 6.1, 1995 .
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

4.3 PacueTHasst MoaeJIb

KonconbHass ©Oanka anmpoKCUMHUpYyeTCsl ABYMsl MPSIMOJUHEHHBIMH  y4aCTKaMH
(cynepaiemMeHTaMu), COCTOSIIMMHU W3 Pa3IMUYHOTO KOJUYECTBA AJIEMEHTOB (cM. puc. 4.2—4.3).
Cynepanement ¢ y3namu 1 u 3 oOpa3oBaH IByMs djeMeHTaMu ofuHakoBou uiuHBI (0.5 M), a
CynepaJIeMeHT ¢ y3iamu 1 u 2 — tpems anemerTamu paznunanoi ;uabi(0.5; 0.3 u 0.2 m).

MPEMPOUECC

o

o7

Puc.4.2 Pacuetnas ACTPA-monens. OceBoe npeacTaBieHre

MPEMPOUECC

ACTRAADE é

Puc. 4.3 Pacuernas ACTPA-monens. O0beMHOE (TBEPAOTENHHOE) MPEACTABICHUE
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4.4 Pe3yabTaThbl

4.4.1 Ananumuueckoe peuienue

[lepememnienue koHIa 6anku 6 nox AeicTBUEM cuiibl P paBHO:

3
s=FL _ 1008 —=0.1561 u
3EJ,, 3-205000-10°-8.333-10
4 4
rae J, =i’—2= 0L _§333.10° wi*.

®opmyna B3sta u3 [1], ctp.234, nmpumep 5.2.
4.4.2 Qucnennoe peuwenue ¢ INK ACTPA-A3C°2009

HlepopMupoBanHast cxeMa M 3HaueHUWEe Mporuda KOHCOJIBHOIO KOHIA JuIs
paccMaTtpuBaeMoi OaJKU TMOKa3aHbl Ha puc. 4.4 g BapuaHTa ydeTa CIABUra M Ha puc. 4.5 s
BapHUaHTa HEyYerTa.

pes s i LK (ped Fan B A B [ O S

‘i 0 18T

- . #
ACTEA AN

Puc.4.4 PacuetHoe nehopMUPOBAHHOE COCTOSIHHE MPH YUETE CABUTA (IEPEMEIIICHUS B MM )
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> % #
ACTPAANC

Puc.4.5 PacuetHoe neopMUpOBaHHOE COCTOSIHUE IIPU HEYUETE CABUra (MIEPEMEIIEHUS B MM)

4.4.3 Cpagnenue pe3yibsmamoes

ComnoctaBnenue pesyaptatoB pacueta 1o I[IK  ACTPA-ADC’2009 ¢ panee
arrectoBaHHoil Bepcueit ACTPA-ADC 6.1[2] (npu yuere caBura, k=1.2) npuseneHo B
tabymie 4.1, CONoCTaBICHNUE ¢ AaHATUTUICCKUM pelieHHeM — B Tabmuie 4.2.

Tabmuna 4.1
CpaBHeHUE ¢ paHee aTTeCTOBaHHOM Bepcueil mporpammel (yuet casura, k = 1.2)
Ilepememenus IToBopoT Bokpyr
Homep | Paccrosinue 1o ocu Z, M ocu Y, pax
TOYKH | OT 3a/1eJIKH (M) ACTPA- ACTPA- ACTPA4- ACTPA-
ADC’2009 |ADC 6.1 [2]| ADC’2009 [ADC 6.1 [2]

1 3a/ieaKa 0 0 0 0

2 0.5 0.0135 0.0135 0.0512 0.0512

3 1.0 0.0490 0.0490 0.0878 0.0878

4 1.5 0.0991 0.0991 0.1098 0.1098

5 1.8 0.1331 0.1331 0.1159 0.1159

6 2.0 0.1565 0.1565 0.1171 0.1171

Pesynbratel o Bepudumupyemoit Bepcun ACTPA-A2C 2009 naeHTUIHBI TAKOBBIM IO
panee arrectoBanHoi [IK ACTPA-ADC 6.1.
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Tabnuua 4.2
CpaBHeHHE pe3yIbTaTOB YUCICHHOTO ¥ aHATUTUYECKOTO PEIICHHH
ACTPA-A2C 2009 S, %
AnanuTtnueckoe HeyueT YUCIIEHHOE
pemienue [1] YACT CIABATA | pyra | pemenue vs.
(k=1.2) (k=0) [1]
nporu6d Ha KOHLE, MM 156.1 156.5 156.1 0.0

Pesynbrarel, nmomyuennsie mo 1K ACTPA-A2C 2009 nns Ganku 0e3 ydera CIBUTA,
COBMAJIAIOT C aHAJIMTUYECKUM pELIeHHEM (B paMKax runore3 beprysm).

4.5 JIuteparypa

1. B.M.®eonocke. Conporusnenue Mmarepuanos. M3a-so MI'TY um. H.O. baymana.
2. ACTPA-ADC 6.1. Bepudukanuonnsriit oruet. HUL[ Cta/IuO, 1995.
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IIpumep 5. KoHcosib 1moa paBHOMEPHO pacnpeleJIeHHOH HArpy3kKoM (cedyeHue
o0mero Buaa). ConocrapjieHHe ¢ AaHAJUTHYECKUM pellieHHeM

1. B.M.®eonocbeB. ComporusieHue MarepuanoB. HM3a-Bo
Mctounnk(u) MI'TY um. H.O. baymana.
2. ACTPA-ADC 6.1. Bepuduxanuonunsiii oruer. HUIL]
Cra/luO, 1995
Tun 3agaum Craruueckuii pacuer HIC
Tun(b)
BepHpHUIHpPYeMBbIX Cmepoicenb HeKonbYyeso20 cevenus, mepmeas onopa (3a0enka)
3J1eMEHTOB
Bxoauoii ¢aiia TESTO05.dat

5.1 IlocTanoBKa 3a1a4H

Paccmampueaemcs  xoHconmbHast —0anKa  KBaJIpaTHOTO  TIONEPEYHOTO  CEUCHHUS,
HAXOJIAIIAsACA MOJ] ICUCTBUEM PABHOMEPHO paclpeieIeHHON Harpy3ku (puc. 5.1).

Tpebyemcs onpeaenuTh Mporud B IEHTPATHHOU TOUKE A.

[IpoBecTu cpaBHEHME ¢ aHAIUTUYECKUM pelieHueM [1].

— q L O
! =
7
_ Lp2=1000 _ A - 100
3 L=2000 _

Puc. 5.1 PacuetHas cxema 3a/1aun: KOHCOJIbHAS Oaika Mo AeUCTBUEM paclipe/leIeHHON Harpy3Ku

5.2 UcxoaHble JaHHBIE

I'eomempuueckue xapakmepucmuxu
» nnuHa Oanku L =2 m;
» TIONIEPEYHOE CEYCHHUE - KBaApaT co cropoHaMu a = 0.1 m;
» 0ceBble MOMEHTHI HHepLUHU cedeHus Jy,, = 8.333- 100m",

Dusuro-mexanuyecKue xapaKmepucmuxu
» wmoxynb ynpyrocta E = 205000 MITa;

» ko3¢ ¢umuent I[lyaccona v=0.3.

I'panuunsvie ycnosus (onopwt)

> [pumep 5 B BepudukammonHom oruete [IK ACTPA-ADC 6.1, 1995 .
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» 3amiemiieHue (3ae1ka) OJTHOTO U3 KOHIIOB.
Ilapamempol naepysku
» pacnpenerneHHas Harpy3ka g = -18.1 kH/m.

5.3 PacueTHas Moaeiib

KoHconbHas Oanka anmpoKCHMHPYETCS IBYMs PaBHBIMH TI0 JTHHE TIPSIMOJIMHCHHBIMH
ydqacTkamu (cymnepanementamu) (cm. puc. 5.2-5.3). Kaxapiit cymepanemeHnT obpazoBan 10-10
oTpe3kamu JTuHOM mo 100 mm.

MPEMPCLE OO

i

5o gl

- L é
ACTRAADE

Puc. 5.2 Pacuernass ACTPA-moznens. OceBoe npencTaBieHue

MPEMPOUECC

ACTRAADE é

Puc. 5.3 Pacuernas ACTPA-monens. O0beMHOE (TBEPAOTENHHOE) MPEACTABICHUE
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5.4 Pe3yabTarhbl
5.4.1 Ananumuueckoe peuienue
[Iporu6d ¢ uenTpanbHON TOUKU A OaKU paBeH:

17 18.1-10°-16
384 205-10°-8.333-10°°

17 qL'

S=—1. =—7.505 M.
384 EJ

®opmymna B3sTa u3 [1], crp.248, npumep 5.9.
5.4.2 Yucnennoe pewenue 6 ACTPA-A3C’2009

HedbopmupoBanHas cxeMa M 3HaY€HUE MPOruda B LEHTPATBLHON TOUKE OaKU MOKa3aHbI
Ha puc. 5.4.

Puc. 5.4 PacuetHoe nedopMupoBaHHOE COCTOSIHUE (TIEPEMEIICHUS B MM)

5.4.3 Cpaenenue pezynromamos

ComnocraBinenue pesyapraroB pacuera 1o [IK  ACTPA-A2C’2009 c¢ panee
arrectoBanHoi Bepcueit ACTPA-ADC 6.1[2] npueneHo B tabnwmie 5.1, comocraBieHue ¢
aHAJTUTHYECKUM penteHuem| 1] — B Tabmure 5.2.

Tabnuua 5.1
CpaBHeHHE C paHee aTTeCTOBAHHOM BEpCHUEN MPOrpaMMbl

Ilepemernenus Yriabel noBopoTa BOKpyr ocu Y,
Homep | Paccrosinue 1o ocu Z, MM pan
TOYKH | OT 32J€JIKH, MM |  ACTPA- ACTPA- ACTPA- ACTPA-ADC
A2C’2009 |ADC 6.1 [2] A2C’2009 6.1 [2]
1 3aJelIKa 0 0 0 0
2 100 -0.102 -0.103 0.00202 0.00202
3 200 -0.396 -0.396 0.00383 0.00383
4 300 -0.862 -0.862 0.00545 0.00545
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ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

Ilepemernenus Yriabl 1oBOpoTa BOKPYr ocu Y,
Homep | Paccrosinme 1o ocu Z, MM pan
TOYKH | OT 32J1€JIKH, MM |  ACTPA- ACTPA- ACTPA- ACTPA-ADC

AD2C’2009 [ADC 6.1 [2] ADC’2009 6.1 [2]
5 400 -1.481 -1.481 0.00689 0.00690
6 500 -2.235 -2.236 0.00817 0.00817
7 600 -3.109 -3.110 0.00928 0.00929
8 700 -4.087 -4.088 0.01025 0.01025
9 800 -5.154 -5.156 0.01108 0.01108
10 900 -6.298 -6.300 0.01178 0.01178
11 1000 -7.506 -7.508 0.01236 0.01237
12 1100 -8.767 -8.770 0.01284 0.01284
13 1200 -10.071 -10.074 0.01322 0.01323
14 1300 -11.408 -11.413 0.01352 0.01353
15 1400 -12.772 -12.777 0.01375 0.01375
16 1500 -14.156 -14.161 0.01391 0.01391
17 1600 -15.558 -15.558 0.01402 0.01402
18 1700 -16.957 -16.963 0.01408 0.01409
19 1800 -18.367 -18.374 0.01411 0.01412
20 1900 -19.779 -19.786 0.01413 0.01413
21 2000 -21.192 -21.200 0.01413 0.01413

Pesynbrarel mo Bepudunupyemoit Bepcuu [1C ACTPA-ADC 2009 6au3Ku K TaKOBBIM
no panee arrecroBanHod IIK ACTPA-ADC 6.1.
[EHTPaIbHOU TOYKU A) 0OyCIOBIEHBI O0Jiee TOYHBIM 3a/laHUEM MapaMeTpOB (OCEBOW MOMEHT
WHEpIMHU cevueHus) B HoBoi pacueTHoil ACTPA-Monenn.

He6onpmme pazmuuus  (0,08% st

Tabnuua 5.2

CpaBHeHHE pe3yibTaTOB YUCICHHOTO U aHAIMTUYECKOTO PEeIIeHU

AHanutuyeckoe

pemienue [1]

ACTPA-A2C 2009

pazmaue, %

[Tporu6 B Touke A (cM.
puc. 5.1), mm

-7.505

-7.506

0.01

Pesynprarsl uncnennoro pacuera no 11K ACTPA-A3C 2009 npakTU4eCKH NICHTHUYHBI
(c rounoctbio 10 0.01%) pe3ynbpraram aHaIUTUYECKOTO perneHus [1].

5.5 Jlureparypa

1. B.M.®eonocreB. ConpoTtusienue marepuaios. Mzn-so MI'TY um. H.D. baymana.

1999 .

2. ACTPA-ADC 6.1. Bepugukaunonnsiii oruer. HUL[ Cra/Iu0O, 1995
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Ipumep 6. KoHcoabHasi 6ainka, HATPyKeHHAsl HA KOHIEe KPYTSIIMM MOMEHTOM
(ceueHue odmero Buaa). ConocrapiieHUue ¢ AaHAJUTHYECKHM pPelieHueM

1. B.M.®eonocbeB. ComporusieHue MarepuanoB. HM3a-Bo
MI'TY um. H.O. baymana.

Herounuk(u) 2. ACTPA-ADC 6.1. Bepuduxanuonunsiii oruer. HUIL]
CralluO, 1995
Tun 3agaun Craruueckuii pacuer HIC
Tun(b)
IIpamas mpyba, cmepoiceHb HEKONbYEBO2O CeUeHUsl, Mepmeds.
BepupUUUPyeMbIX
onopa (3adenxa)
3J1€MEeHTOB
Bxoauoii ¢aiia TESTO06.dat

6.1 ITocTaHoBKA 3a1a4M

Paccmampusaemcss  xoHCONbHasE Oanka KBaJApPaTHOTO TOMEPEYHOTO  CEUSHHUS,
Harpy»eHHasi Ha CBOOOIHOM Kparo KPyTAIIUM MOMEHTOM (puc. 6.1).

Tpebyemcs onpenenuTb yrojl HOBOPOTa B TOUKE MPHIIOKEHHS HAarpy3KH.

[TpoBecTu cpaBHEHHE C AHATTUTUYECKUM PEIICHUEM.

P

ANNANNN

L, P

et L.

Puc. 6.1 PacueTHas cxema 3aaun: Oajika, Harpy>K€HHasl KPyTSILIUM MOMEHTOM

6.2 Ucxoanbie JTaHHBIE

T'eomempuyeckue xapaxmepucmuxu
» nnuHa Oanku L =1 m;
» TONEepeYHOe CeUeHUe - KBaapaT co cropoHamu a = 0.1 wm;
» TossApHbII MOMEHT uHepuun ceyenus J, = 0.0000141 M

Du3uko-mexanuieckue XapaKmepucmuxu
» wmonynb ynpyrocta E = 205000 MITa;
» kodpdumnment [lyaccona v=0.3.

Ilapamempol nacpysxu
» BeJIMYMHBI cocpenoToueHHbIX ¢t P = 100 kH;
> 1uieuo MmomenTa C =2 M.

% pumep 6 B BepudukamonHom oruete [IK ACTPA-ADC 6.1, 1995 .
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6.3 PacueTrHast MOgeJIb

KonconbHass ~ Oanka ~ MojenupyeTcss — OJHUM  NPSIMOJIMHEHMHBIM  y4acTKOM
(cymnepaiaeMeHTOM), COCTOSIIIIUM W3 JABYX KOHEUHBIX 3JIEMEHTOB OJIMHAKOBOW JIMHBI (puc. 6.2—
6.3). KpyTamuii MOMEHT 3aJaH Kak Mapa CHJI, JIekKalllUX B IJIOCKOCTH, MEPHEHAMKYISPHON
IPOJOIBHON OCH OaJIKu, JUIs epeJaul YCUIMM HCTIONb3YIOTCS ABa BCIIOMOTaTeIbHBIX I€MEHTA
KOJIBLIEBOT'O CEUEHUSI.

1200

L]

{5
M

1000

1 é

Puc. 6.2 Pacuetnas ACTPA-Moznens. «HutouHoe» npeacraBieHue

L s
AT

Puc. 6.3 Pacuetnas ACTPA-monens. O6beMHOE pe/icTaBIeHUE
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6.4 Pe3yabTarsl

6.4.1 Ananumuueckoe peuienue
Bocnonszyemcs hopmynoit, npuBeaenHoi B [1] va crp. 113.
VYroa noBopoTa ¢ mnpaBoro Topua, Harpy>kK€HHOro MOMEHTOM M paBeH:

ML  100-2-1-2.6
GJ, 1.41-107°-205-10°

P

=0.1799 pan,

¢:

rae:

___E _E _E 205-10°
2-(1+v) 2:1.3 26 26

6.4.2 Qucnennoe pewenue ¢ INK ACTPA-A3C’2009

[ToBopoT Oanmku BOKpyr ocu X Ha CBOOOJHOM Kparo HpPU pacyeTe IO KOMIUIEKCY
ACTPA-ADSC cocrasun 0,1799 pan, 4To B TOYHOCTH COOTBETCTBYET 3HAUYEHHUIO, MTOJyYEHHOMY
0 YKa3aHHOH BBIIIE GopMyIIe.

6.4.3 Cpaenenue pesyniomamos

ConocraBneHue pe3ynbTaToB, MNoiydeHHbIX uyuciaeHHO B IIK ACTPA-A9C’2009,
aHaniutudecku [1] u B panee arrectoBanHod Bepcuum mnporpammbl ACTPA-ADC 6.1[2],
npuBeaeHo B Tabmuie 6.1.

Tabnuma 6.1.
CpaBHeHHE pe3yIbTaTOB aHATUTUICCKOTO U YHCIICHHOTO PEIICHUH
AnanuTHyeckoe l:gépﬁ 1- ACTPA- 3, %
pemenue [1] (2] ’ ADC’2009 pacyeT vs. TeopHst
0, paa 0.1799 0.1799 0.1799 0.00

6.5 JIuteparypa

1. B.1.®eonocweB. Conmporusiienne marepuainoB. M3n-so MI'TY um. H.D. baymana.
2. ACTPA-ADC 6.1. Bepuduxanuonnsiit oruer. HUL[ Cta/lnO, 1995.
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IIpumep 7. OnopHble KOHCTPYKLIMH, 3aJJaHHble B MECTHOIl cHcTeMe KOOpPAMHAT.
CraTnyeckuii pacyer

1. ACTPA-ADC 6.1. BepudukaoHHbII OTYET.

Herounui(u) HUI CraJluO, 1995.
Tun 3agaun Cratuueckuii pacuer HIAC
Tun(o1) Ilpsimas  mpyba, nanpaeiswas onopa, Mmepmeas onopa
BepupUUUPyeMbIX P pyod, P “ P P P
(3adenxa), onopa obwezo euoa
3J1EMEHTOB
TESTO07V1(global).dat
TESTO07V2(local).dat

Bxoauoii gaiin TEST07V3(local 60 grad).dat

TESTO07V4(local 45 erad).dat

7.1 IlocTaHoBKA 3a1a4H

Paccmampusaromes Tpu cinydas 3afaHusi 0a30BOTO KOHCOJIBHOTO MPSMOJMHEWHOTO
TpyOOIpPOBO]a OTHOCUTEIHHO OCHOBHOM CUCTEMBI KOOPAMUHAT.

Tpebyemcss TIPOBEPHUTH HICHTUYHOCTH pPE3yibTaTOB pacdeTa mo komriuiekcy ACTPA-
ABC 2009 (nepeMereHus, HaTpy3KH Ha OTOPHI, HAMPSKEHUS ), A1 pa3IMYHBIX CIIOCOOOB 3aaHUs
OpUEHTAIH TPYOOIIPOBOIA.

7.2 UcxoaHble JaHHBIE

T'eomempuyeckue xapaxmepucmuxu
» nuuHa Oanku L =2 m;
» HapyxHbIi quameTp TpyOsI 0.01 m;
» TommmHa cTeHKU TpyOb! 0.001 M.

Du3uko-mexanuieckue XapaKmepucmuxu
» wmoxaynb ynpyrocta E = 205000 MITa;
» koaddumment [lyaccona v=0.3.

I'panuynvie ycrosus (onopwt)
» 3amniemiieHue (3a/1e1Ka) OJTHOTO U3 KOHIIOB;
» JIBYXCTOPOHHSS OIMOpa Ha paccTosHUM 1.5 M OT 3aJeiKH, 3ampenarorias
JIMHEWHBIE TIONIEPEYHBIC TTEPEeMEIICHUS OaKH.

llapamempubr nacpysxu
» BepTHKaIbHAs COCPEIOTOYCHHAs Harpyska BenmuuHou 100 xH, npumoxkenHas Ha
pacctostHuu 1.9 M oT 3aaenKu.

7.3 PacueTHass MoaeJIb

3a 0a3o0Bblii TpPyOOMpPOBOJ MNPUHUMAETCS MOJETb, COCTOSIIIAasi U3 JABYX Y4YacTKOB
(cymepaneMeHTOB), HaNpaBisIOMIEd OMOpbl B MECTHOM CHCTEME KOOpAMHAT (MO JABYM
HampaBJIEeHUsIM) W OJHOW TONEPEYHOM COCPEAOTOYCHHOW CHJIbI, JIEUCTBYIOIIEH pAIOM C
KOHCOJIbHBIM KOHITOM Oanku (puc. 7.1). Ipyroii Topen 6anku 3amemieH. B Tabnwuie 7.1 moka3zaHsl
pa3IMyYHbIe BApUAHTHI 3aJJaHUS OTIOPHI B MECTHOM cHCcTeMe KOOpAHHAT.

[epBbIif BApHaHT XapakTepeH TeM, YTO OCh OAJIKU COBIIAAAET C HAIIPABICHUEM TTI00aTbHON
ocu X. Hanpasssitorast oropa padoraet no HanpasiaeHusM Y u Z. [loatoMmy onopy MOXHO 3a/1aTh
KaK B I7I00AIbHOM CUCTEMEe KOOPJIMHAT, TaK U B MECTHOM.

4 [pumep 7 B BepudukanmonHom oruere komruiekca nporpamm ACTPA-ADC 6.1, 1994 1.
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Jlj11 BTOpOro BapuaHTa O1opa 3a/laHa B MECTHOM CUCTEME KOOPAMHAT U MOBEPHYTa BOKPYT
rno6ansHOM ocu X Ha 60°. IIpu 3TOM OCh Ganku coBmaaaeT ¢ HampaBieHueM ocu X. Hampasisito-
mias oropa padoraeT mo ocsim X" 1 y", TOBEpHYTHIM OTHOCHTEIHHO MECTHON CHCTEMBI KOOPIUHAT
Ha 60°. Tak kak cocpenotoueHHas Harpy3ka B 100 kH 3anana takxke moa yriiom 60° K MI0CKOCTH
XY, ona packnanpiBaercs Ha nBe coctasisitomue: S0 kH mo ocu Y u 86,6 kH o ocu Z.

B TpetheM BapuaHTe OCh OaJKM HampaBieHa MoA yrioM 45° k rinodanbHbM ocsiM X U Y.
Hanpasnsromast oropa 3aaHa B MECTHOM CHCTEME KOOPJMHAT M PadOTaeT MO HANpaBICHUSIM X' H
y'. CocpenoToueHHas cuila HalpasjeHa BEPTUKAIbHO BHU3 110 OCHU Z.

NPEMFOLIECCOR

w o f ¢
AL TRl 0

Puc.7.1 T'eomerpus pacuetnoit ACTPA-monenu
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BapI/IaHTBI 3aIaHUA OIIOPbI

Tabnuma 7.1

Bapuant, Ne

Moneanb

Onucanue

la

s

Kectkoctn
OTIOPHI 33]]aHbI B
rio0aIbHOM
CHCTEME
KOOpPJIMHAT T10
ocsM Y u Z.

T

1b

Kectkoctn
OTIOpHI 3a1aHbI B
MECTHOH
CHCTEME
KOOPJIMHAT T10
ociM X' H Y’ .

Kectkoctn
OTOpHI 331aHbI B
MECTHOM
CHCTEME
KOOPJIUHAT T10
ocsaM X’ Y.

3A0 HULL CtaluO (www.stadyo.ru

stadyo@stadyo.ru), 2009

41




ACTPA-ADC’2009. Bepuduxarmonusiii otaet. Tom 2 (mpumepbI-noBTOpH! 1995+)

Ocb Oanku
MTOBEPHYTA TOJT
yriaom 45° k

3 ocsiM XH Y.
Kectkoctn
OTIOPBI TIO OCSIM
X, Y.

[

7.4 Pe3yabTarhl

PesynpTaramu pacuera SBISIOTCSA MEpEeMEIICHHE TOYKU MPUIOKEHHUS COCPEIOTOUYECHHOM
CWJIBI, Harpy3ka Ha HaIpPaBIISIONIYIO OIMOPY, CHIOBbIE (DaKTOpbl (MOMEHT, MOMEpPEYHas CHIa) U
HanpsHKEHUA B 3aJ1€JIKE, OHU MPEACTaBIEHbI Ha puc. 7.2—7.5.
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Puc. 7.2 Pe3ynbTaThl A1 BapraHTa pacuera la (omopa 3agaHa B ri100aJIbHOM C.K.)
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Puc. 7.5 Pe3ynbratel 111 BapuaHTa pacyera 3 (och Oaiku HampasieHa noJ yrioM 45°)

7.5 ConocraBjieHHE Pe3y1bTATOB

Pe3ynbpTarthl pacyeToB cXembl AJiA OMOpPHI, 33aJaHHOM Kak B OOIIeH, Tak M B MECTHOI
cucTeMax KOOpAuHAT (BapwaHThl /a M 1b), MOIKHBI MOJHOCTHIO COBMANATh, MOCKOJBKY OIOpa
OpHUEHTHPOBAaHA OJMHAKOBO. B OCTanbHBIX ABYX BapuaHTax (MPH BPAILIEHUU OMOPHI) PE3YIbTATHI
MTOJTyYarOTCSl TIPY M3BJICYCHUN KOPHSI U3 CYMMBI KBAQJIPaTOB PE3yJHTATOB MO OCSIM M OHU JOJIKHBI
OBITh UJIGHTUYHBI (C TOYHOCTHIO JO OKPYTJICHUS MPU BBIYUCICHUSAX) pe3yJbTaTaM, MOTyYeHHBIM
JUIsl cXeMBbl 0e3 BpateHus. Tabnuia 7.2 moATBEPKIaeT CACIaHHbIC TTPEATION0KECHHUS.

7.6 JIutepatypa
1. ACTPA-ADC 6.1. Bepudukanumonnsiit oraer. HUL[ Cta/lnO, 1995.
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ACTPA-ADC’2009. Bepudukarmonusiii otuet. Tom 2 (mpumepbl-oBTops! 1995+)

Tabnuua 7.2.
CormocraBiieHHE pe3yIbTaTOB pacueTa
Cucrema KoMnoHeHTBI Yroa Ilepememenue B Harpyska Hanpsizkenu
KOOPA. MowmeHT B 3ajeJ1Ke,
BapuaHt CHJIBI 110 MOBOPOT | TOYKE MPUJIOKEHHSI | HA OMOPY, Cuina B 3ageaxe, kH B 3a/IeJIKe,
IS kH-m
ocaMm, kH a onopbl CHJIbI, MM xkH MIla
OnopbI
ACTPA-A2C 2009
la oo, Pz =100 0° 14.3 139.72 39.72 19.58 472.8
1b MECTH. Pz =100 0° 14.3 139.72 39.72 19.58 472.8
Py =50
2 wecti. | Yo 60° | 12424717 =143 | 13971 | [19.86° +34.40° =39.72 | \/16.95° +9.79° = 19.57 472.8
3 MECTH. Pz =100 45° 14.3 139.72 39.72 19.58 472.8
ACTPA-ADC’6.1 [1]
la o0, Pz =100 0° 14.3 139.72 39.72 19.58 472.8
1b MECTH. Pz =100 0° 14.3 139.72 39.72 19.58 472.8
Py =50
2 weern, | oY 60° | 1247470 =143 | 13971 | [19.86° +34.40° =39.72 | \/16.95° +9.79° =19.57 472.8
3 MECTH. Pz =100 45° 14.3 139.72 39.72 19.58 472.8

Pesynbratsl mo Bepudunupyemoit Bepcun ACTPA-A2C 2009 naeHTHYHBI TaKOBHIM 110 paHee artectoBanHoi [IK ACTPA-ADC 6.1[1].
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ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

IIpumep 8 CoOcTBeHHBIE YacTOThI MNPAMOJHMHEHHOH TPYObI € ONOPHBIMH
KOHCTPYKUHSIMH, 32JaHHBIMHU B MECTHOIi ccTeMe KOOPANHAT

1. ACTPA-ADC 6.1. BepudukannoHHbIH OTYET.

Herounui(u) HUI{ CraJlu0, 1995
Tun 3apauun Pacuer coOCTBEHHBIX YacTOT U (opM KoJeOaHHH
Tun(s1) Ilpsimas mpyba, nanpasiaowas onopa, Mepmeds onopa
BepupUUUPyeMbIX p pYod, P “ P P P
(3a0enxa), onopa obwezo 8uoa
3J1EMEHTOB
TESTO08V1(global).dat
TESTO8V?2(local).dat

Bxoauoii gaiin TESTO8V3(local 60 grad).dat

TESTO08V4(local 45 grad).dat

8.1 IlocTanoBKka 3axa4un
Paccmampuearomes tpu ciydast pactiosIOKEHHsI OTIOPBI B MECTHOM CHCTEME KOOPIMHAT.

Tpebyemcsi TPOBEpUTh HUACHTHYHOCTH  COMOCTABUMBIX  COOCTBEHHBIX  4acToT,
MOJYYEHHBIX JJISI aHAJIOTUYHOM pPAaCUETHOW CXEMBI C OMOPOM, >KECTKOCTH KOTOPOH 3aJaHbl B
obmelt cucteme koopauHatr. IlpoBecTn cpaBHeHHE ¢ paHee BEepUPHUIMPOBAHHOW BepcHeEn
ACTPA-ADC 6.1[1].

8.2 Ucxoanbie JaHHbBIE

I'eomempuyeckue xapaxmepucmuxu
> muHa Oanku L = 2 M;
» HapyxHbIil tuamerp TpyOost 0.01 m;
» rtonuHa cTeHKH TpyObl 0.001 M.

Dusuro-mexanuyecKue xapaKmepucmuru
» wmonynb ynpyroctd E = 205000 MITa;
» ko3¢ ¢umment Ilyaccona v=10.3.

I'panuunsie ycnosus (onopwi)
» 3amiemiieHue (3a1e7Ka) OJJHOTO U3 KOHIIOB
» IBYXCTOPOHHSS OIOpa Ha PAcCTOSIHUM 1.5 M OT 3ajenku, 3ampenaronias
JMHEWHBIE TIONIEPEYHbIE MTePeMeIIeHUs OaKH.

Iapamempor Hazpy3Kku
> mnoronHas macca m = 0.01 /M.

8.3 PacueTrnas Mmoaeinb

PacueTHass Mojaenbp cOCTOUT M3 2-X cymnepdalieMeHTOB (ydacTkoB). B cymepanemente,
NPUMBIKAIONIEM K 3a/ieIKe — 2 Ce4YeHHMs; B CyNepaeMeHTe, OJuKaillieM K KOHCOJbHOMY
koHny — 3 ceuenus (puc. 8.1). B Tabnuue 8.1 mpeacTaBiieHbl pa3auyHbIE BapUaHTHI
3aJlaHUs OMOPHI B MECTHOM CHCTEME KOOpPIAMHAT.

% pumep 8 B BepuduKaIHOHHOM OTueTe Komiuiekca nporpamm ACTPA-ADC 6.1, 1995 r.
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

o

o«

w2 #

BCTVeA S,

Puc.8.1 I'eometpus pacuetrHoit ACTPA-monenu

B nepBoM BapmaHTe, OCh OalKy COBIAJACT MO HANPABJICHHUIO C TIO0ATBHOM OChIO X.
Hanpasmsromas ornopa padoraet no HanpasieHusM Y u Z. [ToaTromy ornopa MoxeT ObITh 3a7jaHa
KaK B TJIOOQJIBHOW CHCTEME KOOPAWHAT, TaK M B MECTHOM.

Bo BTOpOM paccmarpuBacMOM BapHaHTE OIOpPA 33JaHa B MECTHOW CHUCTEME KOOpAMHAT
Y TIOBEpHYyTa BOKPYT Ti100anbHOM ocu X Ha 60°: och Oanku COBIAIAET C HAMPaBIECHUEM OCH X.
Hanpasmsromas onopa padotaer no ocsaMm X" u Y', MOBEpHYTHIM BOKPYT IN100aIbHOI CHCTEMBI
Ha 60°

B Tperpem BapuaHTe 0och OaJKU HaIpaBiieHa Mo YIiioM 45° K rnobainbHbIM ocsiM X U Y.
Hamnpapnsromias onopa 3a1aHa B MECTHOM CHCTEME KOOPJIMHAT U pabOTaeT 1o HampaBieHUsIM X'
nY'

TaOmuma 8.1

BapwuanTsl 3a1aHus O1TOpPHI

Bapuant, Ne Mogaeasn Onucanue

KecTkoctn
OTIOPBI
3aJIaHbl B
rI100aILHOM
CHCTEME
KOOpJAWHAT
mo ocsiM Y U
Z

la
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ACTPA-ADC’2009. BepudukamoHHbIH 0TYET

. Tom 2 (mpumepsI-oBTOpPEI 1995+)

1b

KecTkoctn
OTIOPBI
3aJIaHbl B
MECTHOM
CHCTEME
KOOpJAUHAT
mo ocsam X’ 1
v

Kectroctn
OTIOPBI
3aJaHbl B
MECTHOU
CHCTEME
KOOpJAWHAT
o ocsM X 1
Y”

TP

Ocb Oanku
MTOBEPHYTA
MO/ yTIIOM
45° k ocsm X
ny.
KecTkoctn
OTIOPHI TIO
ocam X, Y’
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

Macca crepkHs IPUBEJCHA K pacueTHbIM ceueHus M. OO11ee Yuciio cTeneHei cBo0o bl
cxeMbl — 13 (He y4MTHIBAIOTCA COBNAJAIOIIME IO HAIPaBJICHHUIO C JCHCTBHEM OIOPHI),
BBIYUCIIAETCS 5 HU3MIMX COOCTBEHHBIX YaCTOT pacueTHOM cxembl. Macca Oanku mpuBeIeHa BO
BCE PacUETHBIE CEYEHUs CXEMBI. JInHaMHuuecKkas MOAelb I0Ka3aHa Ha puc. 8.2.

i
S005 0605 0805 v

1

A0S 00O DS )

0005 0005 B0 i)

- TR 08 083, O3 i)

run-:u nagl, B0 N
> - #
ALTRAADE

Puc. 8.2 Pacuernast nuHaMudeckas MOJIEIb

8.4 Pe3yabTarsl

Husmme cobcTBeHHBIE YacTOTHI U TPEX BApPUAHTOB PACIIOIOKEHHUS OMOP B MECTHOM
cucTteMe mpencraBiieHbl B Tabmuie 8.2. Pacder mpoBomwmics OiouHbiM Metogom Jlaniorma
(6mounocty 1), ¢ Ttounocteio 0.00005, wuactoThl BhluMCHEHBI 3a 11 wurepamwmii. s
NPSIMOJIMHEMHBIX ~ CTEPXKHEH  KOJIBIIEBOTO  CEeUYeHHMs (B YAaCTHOCTH, PACCMOTPEHHOTO
NpAMOJIUHEHHOr0 TpyOompoBoJa) COOCTBEHHBIE YacTOThI HE JOJDKHBI 3aBHCETh OT
MOBOPOTAa OCEH OMOPHON KOHCTPYKIIMH B IUIOCKOCTH ceueHHs (BapuaHT | W 2) W/Wiu BCEro
TpyOONpPOBOJa OTHOCUTEIHHO 00IIIel crcTeMbl (BapuaHThl 2 U 3).
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

Tabmuua 8.2
PacueTtnbie coOcTBeHHBIE YacTOThI. COMOCTaBICHUE PE3YIbTAaTOB
Co0cTBeHHBIE YaCTOThI, I'1x
Ne BapuanT 1 Bapuanr 2 Bapuanr 3
ACTPA- ACTPA- ACTPA- ACTPA- ACTPA- ACTPA-
ADC’2009( ADC6.1 A2C’2009 A9C 6.1 A2C°2009 A9C 6.1
1 189.62 189.62 189.62 189.62 189.62 189.62
2 189.62 189.62 189.62 189.62 189.62 189.62
3 377.45 377.45 377.45 377.45 377.45 377.45
4 377.45 377.45 377.45 377.45 377.45 377.45
5 752.61 752.61 752.61 752.61 752.61 752.61

Jannbpie TaOMuLBl 8.2 CBUICTENHCTBYIOT O COBIAJEHUU YAaCTOT. MakKCUMYMBI GOpM
KoJIeOaHWM JUIg dTHX BAapUAHTOB pacyeTa MpeacTaBlIeHbl B Tabiuiax 8.3—8.5.

Tabnuua 8.3

Bapuant 1 (yros moBopoTa ormopsl B MECTHOU crucTeMe koopauHat 0°)

CoOcTBeHHbIE YACTOTHI M ()OPMBI KOJICOAHNN CHCTEMbI

N Kpyrosas Yacrora Dopma (MAaKCHMAJIbHbIE 3Ha‘jeﬂl/lﬂ)
yacrorpl| hC od (') Yuactok/Y3ena| Ceu. Juneiinpie
(pan/c) X1 X2 X3
1 1191.4 189.62 2 0.000 -1.000 -0.278
2 1191.4 189.62 2 0.000 -0.278 1.000
3 2371.6 377.45 2 0.000 1.000 0.055
4 2371.6 377.45 2 0.000 -0.055 1.000
5 4728.8 752.61 1-3 1 0.000 -0.203 -1.000
Ta6numa 8.4
BapuanT 2 (3a1aH yros noBopota onopsl B MeCTHOU cucteme 60°)
Co0cTBeHHbIE YACTOTHI U GOPMBbI KOJIe0aAHU CHCTEMbI
N Kpyrosas Yacrora dopma (MaKCMMAJIbHbIE 3Ha'jemm)
wacrorel| AcroTa (') Yuacrtok/Y3en| Ceu. Jluneitnbie
(pan/c) X1 X2 X3
1 1191.4 189.62 2 0.000 -1.000 -0.278
2 1191.4 189.62 2 0.000 -0.278 1.000
3 2371.6 377.45 2 0.000 1.000 0.055
4 2371.6 377.45 2 0.000 -0.055 1.000
5 4728.8 752.61 1-3 1 0.000 -0.203 -1.000
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Tabnuua 8.5

Bapuant 3 (6anka pa3BepHyTa 10 OTHONICHHIO K ocsiM X 1 Y Ha 45°)

CoOcTBeHHbIE YACTOTHI M (POPMBI KOJICOAHUI CHCTEMbI

N Kpyrosas Yacrora Dopma (MAKCHMAJIbHbIE 3Ha‘jeﬂl/lﬂ)
wacrorel|  AcTOTa (') Yaacrox/Y3en| Ceu. Jlunciinpie
(pan/c) X1 X2 X3
1 1191.4 189.62 2 1.000 -1.000 -0.016
2 1191.4 189.62 2 -0.008 0.008 -1.000
3 2371.6 377.45 2 1.000 -1.000 0.017
4 2371.6 377.45 2 -0.009 0.009 1.000
5 4728.8 752.61 1-3 1 -0.602 0.603 1.000
8.5 JIutepartypa
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ACTPA-ADC’2009. Bepudukarmonusiii otuer. Tom 2 (mpumepbl-noBTopsl 1995+)

HpuMep 9. CoOCTBEHHbIE YACTOTHI CTEPKHA € IOMEPECYHBIM CECYCHHEM 0611161"0
BHJA. ConocTaBiieHHE C AaHATTUTHYECKHM pelIeHueM

1. I'.C.Ilucapenko, A.Il.flkoBnes, B.B.MatBeeB. CripaBouHuK
M0 CONPOTUBIICHUIO MarepuasioB. M3a. “HaykoBa mymka”.
Kues. 1988 r.

HUcTounuk(un) 2. W.M.ba6akoB. Teopuss xonebanuit. M3zx. 2. “Hayka.
®usmar”. 1965

3. ACTPA-ADC 6.1. BepuduxarmoHHbINA OTYET.

HUIL CtaluO, 1995

Tun 3apaun Pacyet coOCTBEHHBIX 4acTOT U hopM

Tun(nl)
BepupuIupyeMbIX
3J1eMEHTOB

CmepoiceHb HeKonbYeso2o ceueHus, npamas mpyoa, mMepmedst
onopa (3adenxka)

TEST09V1(square, 20 masses).dat
TEST09V2(square, 20 masses, shear).dat
Bxoanoii gaiia TEST09V3(square, 5 masses, shear).dat
TEST09V4(ring, 20 masses).dat
TEST09V5(ring, 5 masses).dat

9.1 ITocTranoBKa 3a1a4YH

Paccmampueaemcs xoHconpHas Oanka, mpebOyemcsi ONPENETUTh HECKOIBKO TEPBBIX
COOCTBEHHBIX YaCTOT JUIsI CIIy4aeB KBaJIPATHOTO U KOJBIIEBOTO MOMEPEYHBIX ceueHuit (puc. 9.1—
9.2), SKBHBAJICHTHBIX 110 U3TUMOHBIM MOMEHTaM WHEPIHH.

IlpoBectn cpaBHEHME C aHATUTUYECKUM pemeHuneM [1,2] w ¢ pe3ynbraramy,
NOJTy4YeHHBIMHU 110 paHee arrectoBaHHOU Bepcun ACTPA-ADC 6.1 [3].

9.2 UcxoaHbie JTaHHBIE

I'eomempuueckue xapakmepucmuxu

» nnuna Oanku L = 2.005 Mm;

» TIOTIEpEYHbIC CEYCHUS C PAaBHBIMHU N3THOHBIMH MOMEHTAMH MHEPLIUU
J;=8.333-10° m*;
a) KkBaJpar co ctopoHoi 0.1 M, BapuaHThI 0€3 yueTa CIABHUra 1 € €ro y4eToMm (K =
1.2);
0) xombIeBOe ceueHue (TpyOka) HapykHblid quameTp 0.150 M, TonmuHa CTEHKU
0.007281 m, nonsApHbIi MOMeHT nHepuuH J, = 1.410- 107 m*.

Du3uko-mexanuieckue XapaKmepucmuxu
» wmonynb ynpyrocta E=204990 Mlla;
» koa¢p¢unuent I[lyaccona v = 0.3.

I'panuunsvie ycnosus (onopwt)
» 3almemiieHue (3aJeika) OHOTO U3 KOHIIOB.

Iapamempul Haepy3xu
> noronHas macca 6anku m = 0.24536 1/m.

? Hpumep 9 B Bepudukammonrom oruete [IK ACTPA-ADC 6.1, 1995 .
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9.3 PacueTHass MoaeJIb

KoHconbHas Ganka annmpoKCUMHUPYETCsl ABYMSI HPSMOJUHEHHBIMU CyNEpaJIeMEHTaMH.
PaccmarpuBaroTcs 2 BapuaHTa NpUBEACHUS MacChl OalKu B pacueTHbIE ceueHus. B nepBom (puc.
9.3) mMacca npuBesieHa B 5 TOYEK, JUIMHBI MEPBBIX TpeX 31eMeHTOB (0Tpe3koB) 500 MM, anuHa
snemenTa 3-4 300 mm, 4-5 200 Mm; aiuHa ocaeaHEero snementa 5 mM. OOIIee Yucao cTerneHei
cBOOOJIBI CXeMbI 15, YMCIIO BBIYUCIISIEMBIX COOCTBEHHBIX 4acToT 5. Bo BTopoM Bapuante (puc.
9.4) Macca CTep>KHs paBHOMEPHO pacIipesiesieHa B TOUKH, OTCTOSIINE APYT OT apyra Ha 200 MM.
OO01iee yncio cTerneHeit cBo0oapl 60, KOMMYECTBO BEIYUCISIEMBIX COOCTBEHHBIX YacTOT 9.

MPEMPOUELCDE

=
AT R

Puc.9.1 Pacuernas ACTPA-monens. KBagpatHoe ceuenue

MPENPOECCO

i
o T

Puc. 9.2 Pacuetnas ACTPA-moznenn. KonbiieBoe ceueHue
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9.4 Pe3yabTarhbl

9.4.1 Ananumuueckoe peuienue

KparHble coOCTBeHHBIE YaCTOTHI M3THOHBIX KOJICOaHHMH OajaKH BBIYUCISIOTCS IO
¢dopmyiie, npuBeeHHOMN B [1] Ha cTp. 538

g = EeD /E_L.(&T. £
Yo2r P m 2z I m
raec:

N;=K;l — KOpeHb 4aCTOTHOTO YPaBHECHHS,

| — nnuHa Ganku (M);

E — monyns ynipyroctu (klI1a);

m=pF — noronnas Macca (1/m);

JIst KpaTHBIX U3THOHBIX YacToT ¢ 1 1o 4 3Hauenue N; paBHo 1.875, 4.694, 7.855, 10.996
COOTBETCTBEHHO.

BrruucnseM 4acToTsl:

2 6 -6
oL [L875 .\/204990 10°-8.333-10° _ |} o
2-3.1416 \ 2.005 245.36
2 6 -6
P S _\/204990 10°-8.333-10° _ ) oo 1o
2-3.14 \ 2.005 245.36
2 6 -6
fi= 1 ' 7.855 _\/204990 10°-8.333-10 —~203.799 '
2-3.14  2.005 245.364
2 6 -6
/= 1 _ 10.966 .\/204990 10" -8.333-10 ~397.196 T
2-3.14 \ 2.005 245.36

Jliss BBIYMCIICHUS] TPOJOJIBHOM YacTOThl KojieOaHWi HCIoib3yercs Qopmyna [2 Ha
cTp.254]:

p= 7-Qi-1) [EF
2.1 m

2
rae F — miomaap MonepeyHoro ceueHus (M-).

I[J'Iﬂ CTCPIKHA KBaAPaTHOT'O CCUCHUA:

T |EF /4 \/204990-106 -0.01

P = . = . =2264.781pao/c =360.404 T’
2.1 \m 2-2.005 245.36

I[J'IH CTCPIKHS KOJIBIIEBOTO CCUCHUAA:

V2 \/204990 -10°-3.267-107°

= . =1294.431pao/c =205.988 T'n
2-2.005 245.36

by
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TAC TIoIaab MOoncepeyYHOro CCUCHUA:

F =%-(0.152 ~(0.15-2-0.007285) )=3.267-10 w

9.4.2 Memoouxa pacuema ¢ ACTPA-A3C'2009

s perieHust YacTH4HOM npo0ieMbl coocTBeHHbIX 3HaueHui B [IK ACTPA-42C 2009

UCTIONB3yeTCs OJ0uHBIA MeToa JlaHToma ¢ O6J0YHOCTRIO 2 U TOYHOCTHIO BBIYMCIICHUS BBICIIICH
. -5

coOcTBeHHOM yacToThl 107, Jlns Ganku KBagpaTHOTO CEUYEHHUs pacdeT MPOBOIMIICSA 0e3 yueTa U ¢

yuetoMm casura (k = 1.2).

9.4.3 Conocmaegnenue pe3ynbmamos

B Tabmumax 9.1 u 9.2 mpuBemeHbl pe3ynbTaThl aHANUTHYECKOro pemenus [1, 2],

yncieHHoro pemenus B [IK ACTPA-ADC'2009, a Takxke pe3ysbTaThl IO paHEE aTTECTOBAaHHON
Bepcuu [IC ACTPA-ADC 6.1[3].

Tabmunia. 9.1
CoOCTBEHHBIC YaCTOTHI U3THOHBIX KOJICOAHMI
PacueTrHble 4acTOTHI
(20 mace), I'n
Ceuenne
Ne | AHA/IMTHYECKO KBaapartHoe, KBaapatHoe,
n/m | e pemenne [1] cxsur k = 0 i k=1.2 Kosbuesoe
ACTPA- ACTPA- ACTPA- ACTPA- ACTPA- ACTPA-

ADC'6.1 ADC'2009 ADC'6.1 A2C'2009 ADC'6.1 ADC'2009
[3] 3Hauenue | &, % [3] 3Havenue | &, % [3] 3Havenue | 8, %
1 11.612 11.624 11.601 0.09 11.608 11.584 0.24 11.545 11.514 0.84
2 11.612 11.624 11.601 0.09 11.608 11.584 0.24 11.545 11.514 0.84
3 72.777 71.885 72.504 0.38 71.249 71.758 1.40 68.815 68.914 5.31
4 72.777 71.885 72.504 0.38 71.249 71.758 1.40 68.815 68.914 5.31
5 203.799 197.572 202.516 0.63 193.78 197.642 3.02 | 180.339 180.824 | 11.27
6 203.799 197.572 202.516 0.63 193.78 197.642 3.02 | 180.339 180.824 | 11.27
7 397.196 380.748 | 395.863 | 0.34 | 368.096 | 378.662 | 4.67 | 326.625 | 326.295 | 17.85
8 397.196 380.748 | 395.863 | 0.34 | 368.096 | 378.662 | 4.67 | 326.625 | 326.295 | 17.85

PacyeTHbIe 4aCTOTBI
(5 macc), I'n
CeveHue
Ne i/ AHaJIMTHYECKOE KBaz[p_aT, Koubiesoe
pemenue|[1] casur = 1.2
ACTPA- ACTPA-
ADC'6.1 ACTPA-A2C'2009 ADC'6.1 ACTPA-A3C'2009

[3] 3HAYCHHE 0, % [3] 3Ha4yeHue | 0, %

1 11.612 11.619 11.359 2.18 11.44 11.292 2.76

2 11.612 11.619 11.359 2.18 11.44 11.292 2.76

3 72.777 72.822 70.893 2.59 67.489 67.924 6.67

4 72.777 72.822 70.893 2.59 67.489 67.924 6.67

5 203.799 203.924 | 192.898 5.35 175.328 | 174.422 14.41
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Tabmuma 9.2
[TepBbie cOOCTBEHHBIE YaCTOTHI MPOJOIBHBIX Kosnebanuii (20 macc)
AHaIuTHYECKOE
PacueTHble 4acTOThI, I'I(
pemeHue|2]
KBaJIpaTHOe CeYeHune KOJIBLIEBOE CeyeHue
e | “eceme. |ACTPA-| 200 ACTPA- 502009
A3C'6.1 A3C'6.1
3 3
B3l 3HaueHue | 6, % 3] 3HaueHue | 6, %
360.404 205.988 360.00 360.31 0.03 206.456 205.868 | 0.06

" 8 — OT/IHUHE YHCTEHHOTO pemenus o [IK ACTPA-AD2C 2009 oT aHamuTUYECKOTrO PEILIEHUS

[Toka3aHa CXOOMMOCTh PEIICHUS TPU YBEIWYCHUW YHCIA JTUHAMHYCCKHX CTCTICHEH
CBOOO/IBL.

[Ipn comocTaBneHUM ¢ aHATUTUYECKUM PEUICHHEM B KaueCTBE KPHUTEPUAIbHBIX
WCIIOJIH30BAJIUCh 3HAYCHHUS COOCTBEHHBIX YacTOT MJisi Oanku KBaApaTHOro cedeHus ¢ 20-10
Maccamu 0e3 ydera caBura. MakcumaibHOe pacxoxzaeHue cocraBwio 0.63% (mo HuzmuM
yactotaMm — 0.09%), 4TO MOKHO CUMTATh MPUEMIIEMBIM PE3YIHTATOM.

MaxkcumanbHOe pa3ianuue ¢ paHee BepupHUIMpoBaHHON Bepcueit mporpamMmbl — 0.27%
M0 HU3ILIUM 4YacToTaMm, 3.97% — 1o BICIIUM (COMOCTABJICHUE IPOBOIUIOCH 1715l Mojeneit ¢ 20-10
MaccaMH).

KonbueBoe cedeHue uisi KOPPEKTHOTO CPaBHEHUS! HMCIOJIb30BATh HEJb3s, MOCKOJIBKY
st Hero 1o ymonmuanuio B [IK ACTPA-A2C'2009 yuutsiBaeTcst BausiHue AedopMariiii caBura
npu u3rude. B moaTBepkaeHNE 3TOr0 OBLT MPOBENEH pacdeT isd OAlKh KOJBIIEBOTO CEYCHUS B
nBa paza Oosiee IIMHHON. Pe3ynbTarhl mpeacTaBieHsl B Tadbauie 9.3.

Tab6muma 9.3
CoOcCTBeHHBIE YaCTOTHI U3TMOHBIX KOJIEOAHUN «UIMHHOIM OaJIKU KOJIBIIEBOTO CEYEHUS
(mmunHa 1 = 4 M, 40 macc)

Ne i/t 1 2 3 4 5 6 7 8

AHaJIMTHYECKOE peleHne

1]

2.903 | 2.903 | 18.194 | 18.194 | 50.950 [ 50.95 | 99.299 [ 99.299

ACTPA-A3C'2009 2.89712.897 [ 17.941 | 17.941 | 49.323 | 49.323 | 94.219 | 95.219
9, %o 021 | 0.21 | 1.39 1.39 3.19 3.19 5.12 5.12
9.5 JIutepartypa

1. I'.C.ITucapenko,A.I1. fIxoBneB,B.B.MarBeeB. CrnpaBOYHUK TIO CONPOTHUBIICHUIO
matepuanos. U3n. “Haykosa nymka”. Kues. 1988 r.

2. .M. ba6axkos. Teopus konebanuii. U3a. 2. “Hayka. ®uzmar”. 1965

3. ACTPA-ADC 6.1. Bepuduxanmonnsiii oraer. HUL[ Cta/luO, 1995
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IIpumep 10. CoOGcTBeHHBbIEe YacTOThI NPOCTPAHCTBEHHOI0 KPHUBOJMHEHHOIO
crepikusi. ConocTap/ieHne ¢ AHAJTHTHYECKHM pemeHuem '

1. Bubpanus B exunuke. T.3. Konebanus Manms, KOHCTPYKLIUH
u ux snementoB/pea. ®.M./Iumentoepra, K.C.Konecnukona/.
Hcerounuk(u) M., “Mammunoctpoenue”, 1980.

2. ACTPA-ADC 6.1. BepudukaninoHHBIN OTYET.

HUIL CtaluO, 1995

Tun 3apaun Pacyet coOCTBEHHBIX 4acTOT U hopM
Tun(br
(b1) Ilpamas mpyba, omeood (2ub, KoleHo), Mepmedas oOnopa
BepupuIMpyeMbIX
(3a0enka), HenoOBUNCHASL ONOpa (WUAPHUD)
3J1€eMEHTOB

TESTI10V1.dat — BapuaHT co CBOOOTHBIM KOHIIOM
Bxoanoii gaiin TEST10V2.dat — BapuaHT ¢ HIApHUPHBIM OMUPAHUEM
TEST10V3.dat — BapuaHT ¢ 3a1eTKON

10.1 IlocTanoBKA 3a1a4M

Paccmampueaemcss KpUBOMMHEWHBIA MPOCTPAHCTBEHHBIA CTEP)KEHb, OMUCAHHBIA B
npumepe 2 crp.27 toma 3 CnpaBounuka “Bubparun B Texauke”’[1] u npeacTaBieHHbI Ha pUC.
10.1.

Tpebyemcs conOCTaBUTh 3HAYEHUSI COOCTBEHHBIX YacTOT KOJeOaHUi, BBIYMCICHHBIX I10
komiuiekcy ACTPA-ADC, W paccuuTaHHBIX MO METOAY MNPAMOM MNPOTOHKH JJISI TOYHBIX
YPaBHEHUH KPUBOJIMHENHOTO cTepkHs [1].

ANASANSY

I

Puc. 10.1 PacuetHas cxema 3a1aui: KpMBOJIMHENHBIN MPOCTPAHCTBEHHBIN CTEPIKEHD

10.2 UcxoaHble JaHHBIEC

I'eomempuueckue xapaxmepucmuxu
» TEOMETpHUs OCEBOW JIMHUM TPyOOINpoBoaa mpejacrapieHa Ha puc. 10.1 (pamuyc
ru6oB coctasisier 0.822 M);
» TIONEepEYHOE CEYCHHE - KOJIBIO C HAPYKHBIM AMAMETPOM 15 MM W TOJIIMHOM
creuku 0.7 MM;
» 0ceBble MOMEHTHI UHepLuu cedenus Jy = J, = 8.054-10™ m*.

Du3zuko-mexanuieckue XapaKmepucmuxu
» wmonynb ynpyrocta E = 204990 MIla;
» kodpdumnment [lyaccona v=0.3;

"% Mpumep 10 B Bepudurammonnom oruere IIK ACTPA-ADC 6.1, 1995 .
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» mnoronHas mMacca crepxHs Q = p-F = 2.4536 kr/m.
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I'panuunsvie ycnosus (onopot)
» 3amiemiieHue (3ae1ka) Ha OJHOM KOHIIE;
» TpH BapHaHTa TPAHUYHBIX YCJIOBUH JIJIsl BTOPOTO KOHIIA:
O cBOOOJHBIN Kpail (KOHCOJIb);
O UIapHUPHOE ONUPAHUE;
O 3ajernka.

10.3 PacueTrHas MoaeJIb

PacuetHast cxema cOCTOMT W3 OAHOTO cymepaiementa (ydactka) (puc. 10.2-10.4).
Macca cTep:KHS pacIpe/iesieHa BO BCE paCueTHBIE CEUCHHs, BKITIOUAsi XapaKTePHBIE TOUYKH THOOB.
OOmas anuHa crepxHs coctaBiseT 10 M. OOmiee yucino TUHAMUYECKHX CTereHell cBOOObI
cxembl — 130. Yucno comocTtaBisieMbIX 4acToT — 5. JIMHaMu4eckass MOJENb MpEACTaBICHa Ha
puc. 10.5.

6

Puc. 10.2 Pacuetnast ACTPA-moznens. Bapuantel rpaHnuHbIX yciioBuil. CBOOOAHBIN Kpaii

5
;
4
caga

"

-y

Puc. 10.3 Pacuernas ACTPA-moznens. Bapuantel rpannuHbix yeaosuil. [llapHupHoe onupanue
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Puc. 10.5. JlnnamMuyeckast MOJ€Nb KPUBOJIMHEWNHOTO CTEPIKHS

10.4 Pe3yabTaTthl

10.4.1 Ananumuueckoe peuienue

AHaJIMTHYECKOE pelIeHUe s CBOOOJHBIX KOJeOaHM KPUBOJIMHEHHBIX CTEpKHEU
MOTYT OBITh TOJYYEHbl JIMIIb B TEX CIydasX, KOIJa YpPaBHEHUS CBOJIATCS K CUCTEME
mudQepeHIMaIbHbIX YpPaBHEHHH C TMOCTOSHHBIMH Ko3(dduumenramu. Takux ciydaeB Tpu:
OpSAMOM CTEp)KEeHb, KPYroBO€ KOJBIO W IMJIMHAPUYECKAas CHHMpallb, IPUYEM, JBa IEPBBIX
SIBJISIFOTCS] YACTHBIMM CITy4asiMU TPETHETO.
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Haubonee mpocTbiM M OZHOBPEMEHHO HaubOosiee TOYHBIM SIBISIETCS HPSAMOM MeETox
YHCIICHHOTO MHTEIPUPOBAHMS YPABHEHUS C TIOCIEAYIONINM ONpeesieHHeM COOCTBEHHBIX YacTOT
u Gopm konebanuit. [Tociie HaxoXkAEHUS KOPHS BBIYUCIISIIOT COOCTBEHHYIO YacTOTY Mo (hopMmyJie:

rue:

@; — cOOCTBEHHAs! KPYroBas 4acToTa;
Q; — KOPEHb YPABHEHUS;

L — niivHa CTEpKHS;

0 — IUIOTHOCTh MaTepHuana;

F — mmomaap monepeyHoro CEYeHusl.

B nmnpumepe, omucanHom B [1], mapameTpel pacy€THOW CXEMbl M PE3YJIbTaThl
BBIUMCIICHUA TPUHATHL B Oe3pasmepHoM Buzae. [loaromy s cpaBHEHHs] MX C pa3MEpHBIMU
COOCTBEHHBIMM 4YacToTaMu (paj/c), TOJYyYeHHBIMH Tpu pacdere 1o komiuiekcy ACTPA-
ADC’2009, wucnonb3oBaics KodPOUIMEHT mNpuBeAcHUS K, yUYUTHIBAIOIIUI peasibHbIC
(bakTHueckue) pa3mMepsl PaCUETHON CXEMBI.

EJ \/204990 -10°-8.054-107"

Kk-19 _ 2.45 =0.0821

r 100

rae:

L =10 M — obOmias njauHa;

E =204990 MIla — Monynb ynpyrocTy;
J=28.054-10" m* — MoMeHT HHEpIHH;

0 = 2.4536 xr/mM — Macca eIMHUIIBI JUTHHBI (ITOTOHHAS Macca).

10.4.2 Yucnennoe pewrenue ¢ ACTPA-A3C’2009

Jnist perieHust 4aCTUYHOM MpoOJIeMbl COOCTBEHHBIX 3HAYCHHH (OMpeeNieH sl MEPBhIX 5
COOCTBEHHBIX YaCTOT 3a/laHHOTO0 KPHUBOJIMHEWHOTO CTEpKHS) B MPOrPaMMHOM KOMILJIEKCE
ACTPA-ADC 2009 mupumensics Onounbiii meton Jlanmoma (Gmounocts 2). Ilpu 3tom
TpeGyeMast TOYHOCTb OIPEACNICHHs 9acToT (¢ = 5-107) Gblna KocTHTrHYTA 3a 7 HTEpALHIi.

10.4.3 Conocmagnenue pe3ynvmamos

CpaBHenue pesynpraTtoB 4yuciaeHHoro pewmeHus B IIK  ACTPA-AD2C°2009 n
aHayTH9IecKoro pemreHus [1] mpoBoautcs B Tabnwmie 10.1, cpaBHEHHE ¢ paHee aTTeCTOBAaHHOW
Bepcueit nporpammbel ACTPA-ADC 6.1 [2] — B Tabnuue 10.2.
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Tabmnuua 10.1

CpaBHeHI/Ie PE3YyJIbTAaTOB YUCIICHHOT'O U AHAJIUTUYICCKOTO peI_HCHI/II\/'I

Ne CB00OTHBIN KOHEI] HlapuupHoe onupaHue 3anenka
Jacro ACTPA- ACTPA- ACTPA-
| M| anc2000] &1 T uscoa000 | 27 | T | 4nc2000 | O 7
1 0.4753 0.4767 0.29 [ 1.0103 1.0119 0.16 | 1.731 1.7426 0.67
2 0.5168 0.5179 0.21 | 1.6907 1.7043 0.80 | 2.359 2.3762 0.73
3 1.2620 1.2657 0.29 [ 2.1505 2.1708 0.94 | 2.952 2.9653 0.45
4 1.3627 1.3630 0.02 | 4.4970 4.4891 0.18 | 5.578 5.6218 0.79
5 2.0810 2.0946 0.65 | 5.8970 5.8134 1.42 | 6.230 6.1471 1.33
Taomuma 10.2
CpaBHeHHE C paHee aTTeCTOBAaHHOM BEpPCUEH MPOrpaMMbI
CB000IHBI KOHEI] IlapHupHoe onupanue 3anesaka
ACTP ACTP ACTP
Ne ACTPA- A- ACTPA- A- ACTPA- A-
qacTor | ADC’20 | ADC AD2C’200 | ADC ADC’20 | ADC
bl 09 6.1 2] | 93, % 9 6.1[2] |9, % 09 6.1[2] |9, %
1 0.4767 | 0.4768 | 0.02 1.0119 1.0207 | 0.86 | 1.7426 | 1.7430 | 0.02
2 0.5179 | 0.5180 | 0.02 1.7043 1.7108 | 0.38 | 2.3762 | 2.3768 | 0.03
3 1.2657 | 1.2660 | 0.02 2.1708 2.1806 | 045 [ 2.9653 | 2.9661 | 0.03
4 1.363 1.3633 | 0.02 4.4891 45072 | 040 | 5.6218 | 5.6232 | 0.02
5 2.0946 | 2.0953 | 0.03 5.8134 5.8324 |1 0.33 | 6.1471 | 6.1486 | 0.02

MakcuManbHOE OTHOCHUTENbHOE pasznnuue peweHuil (unciaenHoro no IIK ACTPA-

ADC2009 u npusenenHoro B ucroynuke [1]) cocraBuno 1.42% (Ha BBICHIMX YacTOTax), YTO

CBUJICTENLCTBYET O JIOCTATOYHON paspemiamieii CIoCOOHOCTH ajiropuTMa, 3aJ0KEHHOTO B
ACTPA-ADC'2009.

Paznnumne no pesynpraram c panee arrectoBaHHod Bepcuedn ACTPA-ADC 6.1 ne
npessbimaer 0.86%.

10.5. JIntepatypa

@ .M. Ilumentoepra, K.C.Konecaukosa/. M., “Mammunoctpoenue”, 1980.

2. ACTPA-ADC 6.1. Bepudukanuonnsriit oruet. HUL[ Cta/luO, 1995

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

1. Bubpanus B texnuke. T.3. KoneGanus mammH, KOHCTPYKIIUH U MX JIEMEHTOB/pEI.
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IIpumep 11. BbiHyXK/1eHHbIEe YCTAHOBUBIINECS KOJe0aHUSI KOHCOJbHOI0 CTEPKHA
(ACTPA-BUBP). ConocraBiieHHEe ¢ aHATUTHYECKUM pemelmeM]l

1. U.Abuprep u A.I.IlanoBko. CrnpaBounuk “IIpo4HOCTB.
VYceroitunBocth. Konebanusa”. Tom 3. M., MammHOCTpOCHHE,
Hcerounuk(u) 1968 r.

2. ACTPA-ADC 6.1. BepudukannoHHBIN OTYET.

HUIL CtaluO, 1995

Tun 3apaun Bubpaunonnsiii pacuet (ACTPA-BUBP)
Tun(nl)

BepU(UIHPYeMBbIX IIpsamas mpyba, mepmeas onopa (3adenxa)
3J1eMeHTOB

Bxoaunoii ¢aiia TEST11.dat

11.1 ITocTanoBKAa 3aga4n

Paccmampuseaemcsa TpAMONMHENHBIA IIPOCTPAHCTBEHHBIM CTEP)KEHb, OINMCAHHBIA B
npumepe 11 ctp.316 Toma 3 CnpaBounuka [1] U paccMOTpeHHBIH paHee B mpumepe 9 (puc.
11.1), mox Bo3aeiicTBUEM MONEPEUHON TAPMOHUYECKON CUJIbl HA KOHCOJIBHOM KOHIIE.

Tpebyemcs MONTy4YNTh 3HAYCHHUS aMIUTUTYAbl BUOpONEpEMEIEHUH TOYKU HarpysKeHHs
NEPUOJNYECKON CWION P s Tpex 3Ha4eHWM BO3MYINAIOIIEW YacTOTHI 110 MPOrPaMMHOMY
koMmriekcy ACTPA-A2C 2009 (nporpamma ACTPA-BUBP’2009). IlepBas wactora (0 = 10 I'm)
B3sTa B JIOpe30HAaHCHOM oOnactu (cM. Tabmuiy 9.1), Bropas (8 = 15 ') — B “Onu3koit”, TpeThs
(60 =20 I'm) — B “manexoit” 3ape30HAHCHOW 0OJIACTH.

[IpoBecTn cpaBHEHHE C aHaJIUTUYECKMM peuieHueM [l] u paHee aTTecTOBaHHOU
Bepcueil nporpammsl ACTPA-ADC 6.1]2].

P sin 01

; }

Puc. 11.1 KoHcomnb, HarpyxeHHas nepuogndeckon cuinoi P

11.2 UcxoaHble JaHHBIE

T'eomempuyeckue xapaxmepucmuxu
» januHa cTepxkHs [ =2 M
» TIOMEepPEYHOE CEYCHUE - KOJIBIIO ¢ HAPYKHBIM JHaMeTpoM 150 MM W TOJIIUHOM
CTEHKH 7.3 MM.

Du3uKo-mexaHuueckue XapaKmepucmuKu
» wmonynb ynpyrocta E = 204990 MIla;
» xod¢p¢unuent Ilyaccona v=0.3;
» 0oceBble MOMEHTHI HHepuu cedenus J, = J,= 8.333: 10 m*,

" Mpumep 11 B Bepudurammonnom oruere IIK ACTPA-ADC 6.1, 1995 .
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I'panuunsvie ycnosus (onopot)
» 3amiemiieHue (3ae1ka) OJTHOTO U3 KOHIIOB.

Ilapamempol nacpy3xu
» P,=100 xH — aMrmmuTy1a BO3MYIIAIONICH CHJIIBL;
» 0=10, 15 u 20 I'n — BO3MyIIAIOIINE YaCTOTHI;
» m =245.36 Kr/M — IOTOHHAs Macca CTEPKHS;
» 0 =0 — neKpeMeHT KoJeOaHHI.

11.3 PacueTHas Moae/ib

PacuetHast cxema COCTOMT W3 JBYX HPSIMOJMHEWHBIX CYNEPAJIEMEHTOB (Y4YacTKOB),
JeKalluX B TOPU30HTAJIBHON IUIOCKOCTH M OPUEHTHPOBAHHBIX IO HANPAaBJICHUIO INIOOANBHOM
ocu X. Macca crepxHs pacnpeeneHa BO BCE PACUECTHBIE CEUCHMS.

MPErPOLECCON

- w é
ACTRAANC

Puc. 11.2 Pacuetnass ACTPA-moznens
11.4 Pe3yabTaTsl

11.4.1 Ananumuueckoe peuwienue

AHAJIMTHUYECKOE PEUICHHUE JIJISl BBIHYXKICHHBIX KOJICOAHHI KOHCOJIBHO 3aKpEIUICHHOTO
cTepkHsl mpenactasiieHo B [1] Ha crp. 316. B XoAe aHAMUTHUYECKOTO PEIICHHS OMPEISIseTCs
nporud CBOOOJHOTO KOHIIA KOHCOJBHOW OajKé TpU JCHCTBHHM HAa HETO BO3MYIIAIOIICH CHIIBI
P -sin6t.

P Ual)-T(ah)-V(al)-S(al)

4

TE] T(al)-V(al)-S*(al)

rae:
P — Bo3mymaronias nonepeyHas CUia;
| — nauHa OanKy;
E — monyns ynpyrocrty;
J — MOMEHT UHEPLIUU CEUCHUS;
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rae:

U, T, V, S(al) — pynkumm Kpeiuosa.

[TapameTp « Beruucasiercs mo ¢opmyse ([1], ctp. 294):
2

oo 4/mt9

EJ

¢ —dacToTa BO3MyIIaroIIel cuibl(paj/c);

m — IIOTrOHHaA Macca CTCPIKH:.

a(6,)=0.868;
a(6,)=1.063;
a(6,)=1.227.

3Hasi mapamMeTp ¢ MOYKHO BBIYMCIIUTH Z:
Z(6,)=0.5742 w;
7(6,)=0.2279 m;
7(6,)=0.0734 m.

11.4.2 Yucnennoe pewrenue 6 ACTPA-A3C’2009

[Ipu pacuere yuntsiBanmuch 10 HU3MUX GopM COOCTBEHHBIX KoJebanuil (cM. mpumep 9).
JIns KXol U3 Tpex 3aJaHHBIX YacTOT BBIHYJKAAIOIIEH CHIIBI, OBLIM ONpeNesICHbl aMIUTUTY/IbI
nepeMeIeHI KOHCOIbHOTO KOHIA CTEPKHS.

11.4.3 Conocmaenenue pe3yiomamos

CpaBHeHuE pe3yIbTaToB

Tabmuua 11.1

U,m™m
Bapuanrt
0=10TIn 0=15In 0=20TIn

Teopwus[1] 0.574 0.228 0.073
ACTPA-45C"2009 0.640 0.211 0.070
ACTPA-ADC 6.1[2] 0.641 0.211 0.070

0
o0,% 12.02 7.02 4.11

(pacuet vs Teopusi)

MakcumanpHoe pacxoxzacHue uuciaeHHoro pemenus no ACTPA-ADC2009 u
aHaimuTudeckoro [1] cocraBmwino 12,02%. OTiuuue OT pe3yiabTaTOB MO paHee aTTECTOBAHHOMU

Bepcun ACTPA-ADC 6.1 ne npeseiaet 0,16%.
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11.5 JInteparypa

1. M. A.buprep u S.I'.IlanoBko. CrmpaBounuk “[IpoyHocTb. YCTOHYHMBOCTS.
Konebanus”. Tom 3. M., Mammnoctpoenue, 1968 r.
2. ACTPA-ADC 6.1. Bepugukaunonnsiii oruer. HULL Cta/lnO, 1995.
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IIpumep 12. BbiHyXk/JAeHHbIe HeyCTAHOBHBIIHECS KOJIe0aHUSI KOHCOJIBLHOIO
12
crep:kHsA. ConocraBjieHne ¢ APYrUMH IPOrpaMMaMu

Hcerounuk(m)

1. U.Abuprep u A.I.IlanoBko. CnpaBounuk “IIpodHOCTS.
VYceroitunBocth. Konebanus”. Tom 3. M., Mammunoctpoenue, 1968
T.

2. ANSYS 11. Verification manual. 2007

3. ACTPA-ADC 6.1. Bepudukanuonnsiii otuer. HUL[ Cra/lnO,
1995.

Tun 3agaun

JIMHaMu4yeCcKuil aHaau3 Ha HEYCTaHOBUBILINECS BO3/ICHCTBHUS

Tun(b)

Bepu(HIHPYeMBIX Ipsamas mpyba, mepmeas onopa (3adenka)

3JIECMCHTOB

BxopxHoii gaiia

TEST12.dat

12.1 IlocTaHoOBKA 3a1a4H

Paccmampueaemcs npsiMONMHENHBIA TPOCTPAHCTBEHHBIA CTEPKEHb, OMUCAHHBIN B |1,
ctp 316, mpumep 11] u npencraBnenusiit Ha puc. 12.1 (cm. npumepst 9 u 11).

Tpebyemcsi TIPOBECTH COINOCTaBIE€HUE TIpaUMKOB HEYCTAHOBUBIIMXCS HW3TMOHBIX
KOJICOAHWH KOHCOJILHOTO KOHIIAa TOJ JeHCTBHEM mepuoandeckoil cuinsl P mo Bpemenw,
paccuuTaHHbIX 10 Komruiekcam mporpamm ACTPA-A2C 2009 (nporpamma ACTPA-/IUH) u

ANSYS [2].

Puc. 12.1 PacueTHas cxema 3aa4u: KOHCOJIbHBIN CTEPKEHb

12.2 UcxoaHble JaHHBIE

Feomemputtecxue xapakmepucmuku

>

>

JUTHHA KOHCOJIbHOM MIPSIMOJIMHEHHOM TpyOsl — 2 M (yuyacTka 1-3 1 M, yuactka 1-
2 1 m);

MOIMEPEYHOE CEYEHHE - KOJIBIIO C HAPYX HBIM quaMeTpoM 150 MM U TOJIIIMHOM
CTCHKH 7,3 MM.

Duzuro-mexanuyeckue xapakmepucmuKku

VVVVVYY

Moaynb ynpyrocta E = 204990 Mlla;
koa¢unment Ilyaccona v=0.3;

oceBble MOMeHTHI MHepuuHu Jy = J,=8.332-10 6 M4;
MIOTOHHAs Macca CTepKHs m = 245.36 kr/m;
norapudmMudeckue AeKpeMeHThl kosebanus o = 0, 0.125, 1.25;

KO3 PHULMEHTHI, yYUTHIBaIOMKE (HOpMy HOMEPEYHOTO CEUEHUs pu caBure k =
1.2,0;

"2 [pumep 12 B Bepudurammonnom oruere [IK ACTPA-ADC 6.1, 1995 r.
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» At = 0.01lc — mar uaTerpEpoBaHus 10 BpeMeHu (cxema J[roamerns - mo ACTPA-
ADC’2009).
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I'panuunsvie ycnosus (onopot)
» 3amiemiieHue (3ae1ka) OJTHOTO U3 KOHIIOB.

Ilapamempol nacpy3xu
» amIumTyaa Bo3mytaromei cuibl P, = 100 kH;
» BO3MyIaromias yacrora € = 20 I'n.

12.3 PacueTHas Moae/ib

Konconphass Oajika anmpoKCUMHUpPYETCs ABYMS TPSIMOJMHEUHBIMU  y4acTKaMH
(cymepaiaeMeHTaMu ), KaxkIblil 13 KOTOPBIX COCTOUT U3 5-TH OTPE3KOB PaBHOM JIHHEI (puc. 12.2—
12.3). Junamuueckas MOJENb BKJIIOYACT 33 AMHAMUYECKUX CTEMEHU CBOOOJIBI M MPEICTaBIICHA
Ha puc. 12.4.

Puc.12.2 Pacuetnas ACTPA-monens. OceBoe mpeacTaBICHHE
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MPEMPOUECC

ACTRAADE é

Puc. 12.3 Pacuernas ACTPA-monens. O6beMHOE (TBEPIOTEIHLHOE) IPEICTABICHHE

Pamnanoumsess fincs

@nm WoaB(y
&um i)
Eum [T
eﬁlum b [
&unu e )
@um (TR
elm aoa
eum LT T
r enm By

. Yy ‘uhﬂl Baet, @09 (v 6

ACTRAADE

Puc. 12.4 Jlunamudeckasi MOJEIb

12.4 MeToauka pacuera

B I[IK ACTPA-A2C 2009 pacyer HEYCTaHOBUBIIMXCS KOJIeOAHUI MPOBOAUIICS METOJIOM
pasznoxeHus: mo QgopmMaMm COOCTBEHHBIX KojieOaHui (yuuThiBamoch 10 coOcTBeHHBIX (opm).
WuTerpupoBanue ypaBHEHUH JABMKEHHS BBIIOIHIIOCH 10 cxeme J[roamens. beumu paccMoTpeHsl

TPM BapHaHTa MOJEIH C Pa3InYHBIM JeMIpHpoBaHueM (Jorapu(MUUECKUE JIEKPEMECHTHI
konebanuii 0, 0.125, 1.25).
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12.4 Pe3yabTaTsl

Ha puc. 12.5-12.7 npencraBieHsl rpagKy 3aBUCUMOCTEN MepEeMEIIeHUs KOHCOIBLHOTO
KOHI[a CTEP’KHS OT BPEMEHH, IMOJIyY€HHbIE B MporpaMmHbix Komiuiekcax ACTPA-A2C’2009 n
ANSYS nns  Tpex 3HadeHHMH Jorapu@Muyeckoro JAekpeMeHtra KosebaHuil. OTMeTHM
JIOCTaTOYHYIO OJIU30CTh MOTYUYEHHBIX PE3YJIbTATOB (pa3inyuus B TOUKaX MaKCHUMyMa COCTaBWIIU
2.55%, 1.94%, 4.53% nnsa nekpementoB 0, 0.125, 1.25 cOOTBETCTBEHHO), YTO MO3BOJISET CYyAUThH
00 aJeKBaTHOCTM M JIOCTATOYHOM pa3peliaromieidl CHOCOOHOCTH —alNropuTMa pacuera
HEYCTaHOBUBLIUXCS JUHAMUYECKUX MPOLECCOB, 3a710keHHOr0 B [IK ACTPA-4A3C 2009.

Norapud kone6aHun =0

2.50E-01

2.00E-01

1.50E-01

1.00E-01

5.00E-02

——ACTPA-ASC'2009
—#—ANSYS

s 0.00E+00

3
-5.00E-02

0!3

-1.00E-01

-1.50E-01

-2.00E-01

-2.50E-01
t,c

Puc. 12.5 lunamuueckue nepemMenieHus npu aekpemenre o = 0
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NorapudmMmuyeckun gekpemeHT kKonebaHmn = 0.125

2.00E-01
1.50E-01
1.00E-01
5.00E-02

0.00E+00
=

% _5.00E-02
-1.00E-01
-1.50E-01
-2.00E-01

-2.50E-01
tc

——ACTPA-A3C'2009
—=—ANSYS

Puc. 12.6 luramuueckue nepeMenieHus npu aekpemente o = 0.125

JNorapndmunyueckumn gekpemeHT Koneéanum = 1.25

1.50E-01

1.00E-01

5.00E-02
= 0.00E+00
3

-5.00E-02

-1.00E-01

-1.50E-01

t,c

——ACTPA-A3C'2009
—=—ANSYS

Puc. 12.7 Jluramuueckue nepeMenieHus npu aekpemente o = 1.25
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Pesynbrater mo ACTPA-ADC2009 nonmHOCcThIO HueHTHYHBI (O = () pe3ynpTaraMm 1o
panee arrectoBanHoM Bepcuu ACTPA-ADC 6.1 [3].

12.5 JIutepatypa

1. 1. A.buprep wu  S.I.IlanoBko. CnpaBounuk “IIpoyHocTh.  YCTONYMBOCTB.
Konebanus”. Tom 3. M., MammnaOocTpoeHue, 1968 r.

2. ANSYS 11. Verification manual. 2007.

3. ACTPA-ADC 6.1. Bepuduxaunonnsriit oruetr. HULL Cra/luO, 1995.
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Ilpumep 13. Pacuer CcoOCTBEHHBIX 4YacTOT HW (OpM  pa3BeTBJIEHHOM
NPOCTPaHCTBeHHOM TpyOonpoBoaHoi cucrteMbl AJC ¢ PBMK (moasoaa u copoca mapa 3a
I'mK)"”

1. ACTPA-ADC 6.1. BepudukannoHHBIN OTYET.
HUILL CtaluO, 1995
Heroumme() 2. Ilporpammuselii komIiuieke ‘“‘Pammna-93”, ATrecTanMOHHBII
[Tacnopt IIC N 183 ot 28.10.2004
Tun 3apaun Pacyet coOCTBEHHBIX 4acTOT U hopM
Tun(s1) Ipsmas mpyba, omeod (2ub, KOIeHO), MPOUHUK, NPYHCUHHASL
BepupuIupyeMbIX
noosecka, Mmepmaeas onopa (3adeika), onopa ooue2o suoa
3J1€eMEHTOB
TEST13V1(135).dat
Bxoauoii gaiia TEST13V2(345).dat
TEST13V3(345).dat

13.1 IlocTaHoOBKA 3a1a4H

Tpebyemcs poBecTH pacdeT COOCTBEHHBIX YacTOT U (OopM TPYOOTPOBOTHON CHCTEMBI
noaBoja u copoca napa 3a ['TIK (Cmonenckas ADC).

[IpoBecTu cpaBHEHHME C pe3ysibTaTaMU IO paHee aTTeCTOBAHHOM BEPCHH MPOTpPamMMbl
ACTPA-ADC 6.1[1] , a Takxke nonyyeHHsiMu 1o [IK PAMITA[2].

13.2 Ucxoauble JaHHBIE
Bo Bxoanowm ¢aiine TEST13V1(135).dat

13.3 PacueTHas Moae/ib

Pacuernast monens (puc. 13.1) cocrout u3 16 yyactkos (cynepanaemMeHToB), 12 y3710B (B
TOM 4Hclie 7 TPOMHHUKOBBIX), COACPKHUT MpykuHHbIe noaBecku (MBH-049-63), nBycTtopoHnHue
OTOPBI CKOJIBKEHUSI 1 MEPTBBIE OTIOPBHI.

C nenpro aHanM3a CXOAMMOCTH M TOYHOCTH QJITOPUTMA ONPEAENCHHMS COOCTBEHHBIX
4acToT U (GOPM PACCMOTPEHO HECKOJIBKO BapUAHTOB PACHOJOXKCHHS AMHAMHUYECKHX MacC B
cXeMe: B IEPBOM BapHaHTE MacChl COCPENOTOYEHBI B 45 XapaKTepHBIX TOYKax (IIpUBEICHHAs
macca Tpy6omnpoBogoB 11,636T, Bcero 133 cremeHu cBoOOJbI), BO BTOPOM BapHaHTE MaccChl
pacroyio’)keHbl BO BCEX pAcUeTHBIX CeYeHusiXx cxembl — 105 Macc (mpuBeeHHas Macca
TpyOompoBogoB 11,892T, 313 auHaMHUYecKUX cTereHed cBoOOIbI). 3a/1aBaliCch KaK aOCOITFOTHO
JKECTKHE OINOPHBbIE KOHCTPYKIMH, TaKk M OMOpbl ¢ »xectkoctsimMu 196000 kH/M. Yucro
ompeesieMbIX HU3IINX COOCTBEHHBIX YacToT 25 (10 25 I').

" Tpumep 13 B Bepudukarmonsom oruere [IK ACTPA-ADC 6.1, 1995 .
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Ocegoe (Humounoe) npedcmasienue

MPEMPOLECCOP

B |

r' e
ACTRAADE

MPEMPOLECCOP

ACTRAADE

Puc. 13.1 Pacuetnas ACTPA-monens
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Pamnanoumsess fincs
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Puc. 13.2 Jlunamudeckast Mmozens (45 macc)

Pamnanoumsess fincs
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Puc. 13.3 Aunamuueckas moaens (105 macc)
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13.4 MeToauka pacuera

Pemenne yactTruuHOM MpoOieMbl COOCTBEHHBIX 3HaUCHUN (OmpeneneHne 25-Tu HU3IINX
COOCTBEHHBIX 4YacTOT W (OpM) MNPOBOAMIOCH OJIOYHBIM MeTojoM Jlanroma (3amaBaemast
o o -5
OJIOYHOCTH 5, TOYHOCTH OIpeIeTICHHsI BBICIIEeH cOOCTBEHHOI yacToThl 5:107).

[Ipu pacuere HE YUYUTHIBAIOCH BIMSHHWE BHYTPEHHETO [ABJICHUS HA IMOJATIMBOCTH
KPUBOJIMHEHHBIX Y4acTKOB (THOOB) TpyOOmpoBoa.

13.5 Pe3yabTarsl

BorunicnienHple cOOCTBEHHbIE YACTOTHI MpeAcTaBieHbl B Tabnuue 13.1. B yxazanHoi
TabJIMIIEe TAKXKE COAEPIKATCS Pe3yJIbTaThl pacyera 10 paHee aTTeCTOBAaHHOM BEPCHM MPOTPAMMBI
ACTPA-ADC 6.1 u pacuera, nmpoeaerHoro B HITO [IKTHU no nporpamme PAMIITA[2].

C yueToM pasznnuus MoAenupoBaHus pactpenenacHus Macc B komiuiekce ACTPA-ADC
(B 3amanHbIX ceyeHMsXx) 1 PAMIIA (Bo Bcex pacdeTHBIX CEYEHMSX), a TAaKKE HEHJECHTUYHOCTH
cxemaTH3allud TUOOB, pe3ysbTaThl comocTaBieHus (He Oonee 13%-e pasnuume) cienyer
IpU3HATh YAOBJIETBOPUTEIbHBIMHU.

“BHyTpeHHsi1”  TpoBepKa  TOYHOCTH (IpU  JETalW3alud  MOJETH)  Takke
CBUJIETEILCTBYET O JOCTOBEPHOCTH pE3YJbTAaTOB MpPU OOBACHUMOM BJIMSHUM CTENEHU
HOJpOOHOCTH MHEPLIMOHHOM TMCKPETU3AIUH.

B Tabmume 13.2 “must copaBku”’ TPEACTABICHBI 3HAYCHUS COOCTBEHHBIX YacTOT
paccMaTpuBaeMoON TPYOOIIPOBOJHON CHUCTEMBI, BHIYMCIICHHBIC C YUYETOM BIHUSHHS BHYTPEHHETO
JTABJICHUS HA TIOJIATIMBOCTH THOOB (ITOATIMBOCTD MAJaeT, COOCTBEHHBIC YaCTOTHI BO3PACTAIOT).

Taomuma 13.1

CoOcTBeHHBIE YaCTOTHI TPYOOIIPOBOIHOW CUCTEMBI, [ 1.
Comnocrasnenne ¢ ACTPA-ADC 6.1

ACTPA-A3C
45 macc (133 cT. cB.) 105 macc (313 cTeneneii cB060bI)

Ne | aGcosnoTHO sKecTKHE ONOPDI | AGCOIOTHO JKecTKHE onopbl | kecTkocTH 196000 kH/m?

i ACTPA- [ ACTPA-| o, | ACTPA- [ ACTPA-| o, | ACTPA- [ ACTPA-| o,

ADC’2009 [ ADC6.1 [ % | ADC2009 [ ADC6.1 [ % | ADC’2009 [ ADC 6.1 [ %
1 2.337 2.322 1 0.65 2.377 2.355 [0.93 2.374 2.353 ]0.89
2 4.528 4.488 |0.89 4.671 4.607 | 1.39 4.669 4.605 | 1.39
3 5.133 5076 | 1.12 5.264 5.186 | 1.50 5.264 5.186 [ 1.50
4 6.299 6.247 | 0.83 6.406 6.335 | 1.12 6.384 6.313 1.12
5 7.687 7.617 10.92 8.175 8.064 | 1.38 8.151 8.044 | 1.33
6 8.654 8.649 | 0.06 9.055 9.05 0.06 9.053 9.048 [ 0.06
7 10.691 10.652 | 0.37 10.88 10.831 | 0.45 10.859 10.81 |0.45
8 11.461 11.437 ]0.21 11.698 11.666 | 0.27 11.64 11.61 [0.26
9 11.849 11.835 1 0.12 | 12.285 12.27 10.12 12.27 12.254 10.13
10 12.177 12.172 1 0.04 | 12.523 12.517 10.05| 12.521 12.515 ]0.05
11 13.076 13.037 1 0.30 | 13.518 13.469 | 0.36 | 13.496 13.451 | 0.33
12 13.583 13.489 10.70 | 14.127 14.019 |0.77 | 14.123 14.017 | 0.76
13 13.856 13.771 10.62 | 14.525 14349 | 1.23 | 14.523 14.344 | 1.25
14 14.431 14376 |0.38| 15.313 15.209 |0.68 | 15.241 15.128 | 0.75
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ACTPA-ADC
45 macc (133 cT. cB.) 105 macc (313 creneHeii cB060AbI)
Ne | aGcomoTHO KecTKHe ONMOpPBI | aGCOTIOTHO KecTKUe onophl | kecTkocTn 196000 KH/m*
i ACTPA- | ACTPA-| 6, | ACTPA- [ ACTPA-| o, | ACTPA- | ACTPA-| 5,
ADC’2009 [ ADC6.1 | % |[AIC2009 | ADC6.1 | % | ADC’2009 | ADC6.1 | %
15 14.918 14.872 |0.31 15.847 15.821 |0.16 15.81 15.783 10.17
16 15.405 15372 10.21 16.62 16.592 |[0.17 16.515 1649 ]0.15
17 16.337 16.221 |[0.72 17.583 17.417 ]0.95 17.426 17.253 | 1.00
18 17.328 17.298 10.17 18.188 18.12 ] 0.38 18.066 18.021 | 0.25
19 17.512 17.456 [0.32| 20.034 19.816 | 1.10 19.962 19.764 | 1.00
20 18.067 18.048 ]0.11 20.702 20.651 ] 0.25 20.695 20.645 |0.24
21 19.258 19.139 [0.62| 21.577 21.552 10.12| 21.558 21.535 ]0.11
22 20.064 20.044 | 0.10 22.15 21.946 |0.93 22.064 21.867 |0.90
23 20.862 20.739 10.59 | 22.726 22.647 |0.35 22,722 22.642 |0.35
24 21.924 21.749 10.80 | 24.007 23.772 1099 23.559 23.465 |0.40
25 22.545 22336 1094 | 24.345 24.061 | 1.18 24.24 23917 | 1.35
Comnocrasnenue ¢ [IK PAMITA
ACTPA-AIC
45 macc (133 cr. ¢B.) 105 macc (313 creneHeii cB000abI)
a0CoOJIIOTHO KecTKHe | a0COJIIOTHO KeCTKHe skecTtkoctu 196000
Ne OIOPHI ONOpBI kH/m?
PAMIIA|2]
n/n d, % 3, % 3, %
ACTPA- | ACTPA | ACTPA- | ACTPA | ACTPA- | ACTPA
ADC’2009 VS. AIC’2009 Vs. A2C’2009 VvS.
PAMIIA PAMIIA PAMIIA
1 2.21 2.337 5.75 2.377 7.56 2.374 7.42
2 4.19 4.528 8.07 4.671 11.48 4.669 11.43
3 4.79 5.133 7.16 5.264 9.90 5.264 9.90
4 5.79 6.299 8.79 6.406 10.64 6.384 10.26
5 7.27 7.687 5.74 8.175 12.45 8.151 12.12
6 8.72 8.654 0.76 9.055 3.84 9.053 3.82
7 10.36 10.691 3.19 10.880 5.02 10.859 4.82
8 11.17 11.461 2.61 11.698 4.73 11.640 4.21
9 11.75 11.849 0.84 12.285 4.55 12.270 4.43
10 11.99 12.177 1.56 12.523 4.45 12.521 4.43
11 12.8 13.076 2.16 13.518 5.61 13.496 5.44
12 13.07 13.583 3.93 14.127 8.09 14.123 8.06
13 13.52 13.856 2.49 14.525 7.43 14.523 7.42
14 14.23 14.431 1.41 15.313 7.61 15.241 7.10
15 14.97 14.918 0.35 15.847 5.86 15.810 5.61
16 15.48 15.405 0.48 16.620 7.36 16.515 6.69
17 16.02 16.337 1.98 17.583 9.76 17.426 8.78
18 17.46 17.328 0.76 18.188 4.17 18.066 3.47
19 18.49 17.512 5.29 20.034 8.35 19.962 7.96
20 19.25 18.067 6.15 20.702 7.54 20.695 7.51
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ACTPA-ADC
45 macc (133 cT. ¢B.) 105 macc (313 creneneii cB0001bI)
a0COJIIOTHO KeCTKHE | a0COJIOTHO JKeCTKHE :kecTkocTu 196000
No OmopbI OnopbI kH/m?
PAMIIA|2]
n/m 3, %o 3, % d, %o
ACTPA- | ACTPA | ACTPA- | ACTPA | ACTPA- | ACTPA
ADC’2009 VS. ADC’2009 VS. ADC’2009 VS.
PAMIIA PAMIIA PAMIIA
21 19.44 19.258 0.94 21.577 10.99 21.558 10.90
22 20.46 20.064 1.94 22.150 8.26 22.064 7.84
23 20.62 20.862 1.17 22.726 10.21 22,722 10.19
24 22.3 21.924 1.69 24.007 7.65 23.559 5.65
25 22.76 22.545 0.94 24.345 6.96 24.240 6.50
Taomuma 13.2
PacueTHbie COOCTBEHHBIE YaCTOTHI MPH yUYE€Te BHYTPEHHETO NaBiieHus, [ '11.
ACTPA-ADC
e 45 macc (133 cT. cB.) 105 macc (313 creneneii cBo60aAbI)
w/m a0COJIIOTHO KeCTKHe a0COJIIOTHO KeCTKHE aecrioctn 196000 kH/m
OnopbI OnopblI
1 2.459 2.504 2.501
2 4.919 5.069 5.066
3 5.418 5.558 5.558
4 6.692 6.825 6.808
5 8.330 8.854 8.817
6 8.687 9.086 9.083
7 10.831 11.030 11.002
8 11.575 11.818 11.743
9 11.913 12.347 12.333
10 12.257 12.605 12.602
11 13.196 13.632 13.596
12 13.829 14.341 14.333
13 14.613 15.45 15.436
14 15.017 15.905 15.875
15 15.178 15.968 15.943
16 15.59 16.737 16.624
17 17.122 18.174 18.162
18 17.481 18.749 18.543
19 17.997 20.745 20.640
20 18.307 20.972 20.871
21 19.654 21.722 21.694
22 20.198 22.621 22.561
23 21.174 23.073 23.070
24 22.884 24.682 23.902
25 24.282 25.844 25.764
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MakcumanpHOe pasziauyre COOCTBEHHBIX YacTOT C paHee AaTTECTOBAHHOW BepcHei
ACTPA-ADC 6.1[1] — L,50% — 3a cuer Oojee KOPPEKTHOW aKTyaJbHOH MpPOIETypHI
COCPEIOTOYEHHS MAcC B y3JIbI CyIepIEMEHTHON MOAEH (paHee — B CEYECHUs YIaCTKOB PSJIOM C
y3II0M).

13.6 JIutepatypa

1. ACTPA-ADC 6.1. Bepudukamuonnsiii oraer. HUL] Cta/lnO, 1995.
2. IIporpammusbiil koMiieke “Pamma-93”, Arrecranmonnsiii [lacopr IIC Nel83 ot
28.10.2004.
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Ilpumep 14. Pacuer CcoOOCTBEHHBIX 4YacTOT MW (OpM  pa3BeTBJIEHHOM
TpyOonpoBoanoii cucrtembl AJC ¢ PBMK (npuema napoBsix cOpocos ot I'mK)*™

1. ACTPA-ADC 6.1. BepudukannoHHbIH OTYET.
HULL Cta/lunO, 1995

Herounuk(u) 2. Ilporpammubiii komiuiekc “Pamma-93”, ATTecTanMOHHBIN
[Tacnopt IIC N 183 ot 28.10.2004
Tun 3apauun Pacuer cOOCTBEHHBIX YacTOT U (HopM
Tun(s1) Ilpsamas mpyba, omeoo (eub, KoleHo), MPOUHUK, MepPMmBas
BePUQHUHPYeMEIX onopa (3a0enka), HanpasIAWaAs ONOpa, onopa oowe2o uod
3J1€MEeHTOB
Bxomoii daiin TEST14V1(744).dat
TEST14V2(1980).dat

14.1 IlocTanoBKAa 3aga4un

Tpebyemcs poBeCTH pacueT COOCTBEHHBIX YacTOT U (OPM TPYyOOIIPOBOAHON CHCTEMBI
npuema napobix copocoB ot I'TIK 3 brnoka Cmonenckoit ADC.

[IpoBecTn cpaBHEHHE C pe3yibTaTaMu MO paHEe aTTECTOBAHHON BEPCHUH MPOTPaMMBI
ACTPA-ADC 6.1[1] u ¢ pesynbratamu 1o IIK PAMIIA[2].

14.2 UcxoaHbIe JaHHBIE
T'eomempuueckue xapaxmepucmuxu
Bo Bxoanowm ¢aiine TEST14V1(744).dat.

DusuKo-mexaHuueckue XapaxKmepucmuKu
» MOJyJIb YIPYTOCTH B XOJIOJTHOM COCTOSIHHH Ey = 2X 10° MIIa B pabouyem — E, =
2x10° MITa;
» ko3¢ ¢umment Ilyaccona v=0.3;
> IUIOTHOCTH Marepuaia p=7.8 T/m".

I'panuunsvie ycrnosus (onopwt)
» JKECTKHE 3aJCTIKH;
> KOHCOJIbHBIE KOHIIBI;
» JIByXCTOPOHHHE OTIOPHI C TPEHUEM B PsiJie TIPOMEKYTOUHBIX CEYCHUH.

Iapamempoi Hazpy3Ku
» BHyTpeHHee naBieHue p =2.11 Mlla;
» pacrpezesneHHas BecoBas Harpy3ka m = - 0.553 kH/wm;
» TeMieparypa B xojoaHoM coctossHuu Ty = 20°C, Temnepatypa B pabouem - T,
=216°C.

14.3 PacueTHast MoJeJIb

Pacuetnas monens TpyOOMpOBOAHONW CHCTEMBI mpueMa mapoBbix cOpocos ot [TIK 3
binoka Cwmonenckoii ADC (puc. 14.1)npencraBinena 56 ywactkamu (cymnepaiemeHtamu), S50
y3naMu (M3 HUX 23 TpPOWHUKOBBIX); OMOPHBIE KOHCTPYKIIMH TPHUHUMAIUCH '"aOCOJFOTHO
KECTKUMH" (3a/1aBAJIUCh YCIOBHBIMU €IMHUILIAMM).

" Ipumep 14 B Bepudukarmonsom oruere [IK ACTPA-ADC 6.1, 1995 .
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

PaccmarpuBasioch /1Ba BapHaHTa pacueTHON MOJCIN C Pa3IMYHBIM KOJIHYECTBOM JTUHA-
MUYECKHX cTerneHer cBoooabl (744 u 1980).
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Ocegoe(numounoe) npedcmasieHue

MPEMPOLECCOP

ACTRAADE

MPEMPOLECCOP

ACTRAADE

Puc. 14.1 Pacuetnass ACTPA-moznens TpyOONpOBOIHOM CUCTEMBI
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ACTEAARC

Puc. 14.2 PacueTHas nuHamudeckas mozenb (201 macca)

14.4 MeToauka pacuera

Pemenne yactTuuHOM mpoOieMbl COOCTBEHHBIX 3HaueHUl (ompenenenue S0-TH HU3MINX
COOCTBEHHBIX YacTOT W (HOpM) MPOBOIMIOCH OJIOYHBIM MeTojgoM JlaHtoma (TOYHOCTH

o o -6
ompezeNieHus BeIcIei cOOCTBEHHON 4acToThl 5-107).

HpI/I pacucTe HC YUYHUTHIBAJIOCH BJIIMAHUC BHYTPCHHCEIO IAABJICHUA Ha HOAATIMBOCTDL

KPUBOJIMHEHHBIX Y4acTKOB (THOOB) TpyOOmpoBoa.

14.5 Pe3yabTaTsl

Brruuciennsie cOOCTBEHHBIC YacTOTHI MpuBeACHBI B Tadimie 14.1. B ykazanHoi#
TaOJIUIIE TaK)KE COMEPIKATCS Pe3ybTaThl pacueTa 1Mo paHee aTTeCTOBAHHON BEPCHUU MPOTPAMMBbI

ACTPA-ADC 6.1[1] u nio TTK PAMIIA[2].
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Tabmnuua 14.1

PacueTrHsle HU3IIME COOCTBEHHBIE YACTOTEI KoeOanui, 111

5, % ACTPA-

ACTPA- 0, % ABC’2009, 0, %

No ACTPA- Mporpamma ACTPA- ADC'2009 ACTPA- Macchl BO ACTPA-

i ADC 6.1, PAMIIA[2] A3C’2009, vs. ADC'2009 BCeX ADC'2009
489 cT. cB. 744 cT. CB. ACTPA-ADC VS. CeUYeHHAX, VS.

6.1 PAMIIA 1980 cr. PAMIIA

CB.

1 1.114 1.13 1.114 0.00 1.42 1.113 1.50
2 1.181 1.29 1.181 0.00 8.45 1.182 8.37
3 1.347 1.31 1.347 0.00 2.82 1.349 2.98
4 1.375 1.39 1.375 0.00 1.08 1.379 0.79
5 2.422 2.39 2.422 0.00 1.34 2.442 2.18
6 2.943 2.81 2.944 0.03 4.77 2.941 4.66
7 3.133 3.13 3.135 0.06 0.16 3.157 0.86
8 3.729 3.69 3.730 0.03 1.08 3.737 1.27
9 3.799 3.77 3.800 0.03 0.80 3.781 0.29
10 3.936 4.11 3.935 0.03 4.26 3.903 5.04
11 4.281 4.17 4.281 0.00 2.66 4.202 0.77
12 4.748 4.17 4.749 0.02 13.88 4.794 14.96
13 5.046 4.18 5.047 0.02 20.74 5.175 23.80
14 5.117 4.32 5.118 0.02 18.47 5.378 24.49
15 5.144 4.66 5.145 0.02 10.41 5.543 18.95
16 5.18 4.88 5.181 0.02 6.17 5.606 14.88
17 5.193 5.48 5.193 0.00 5.24 5.618 2.52
18 5.196 5.57 5.197 0.02 6.70 5.662 1.65
19 5.235 5.60 5.234 0.02 6.54 5.756 2.79
20 5.243 5.61 5.243 0.00 6.54 5.803 3.44
21 5.356 5.82 5.356 0.00 7.97 5817 0.05
22 6.390 6.62 6.390 0.00 3.47 6.522 1.48
23 6.690 7.04 6.694 0.06 491 6.77 3.84
24 7.047 7.83 7.048 0.01 9.99 7.138 8.84
25 7.461 8.22 7.450 0.15 9.37 7.473 9.09
26 7.854 8.45 7.848 0.08 7.12 7.87 6.86
27 8.138 8.71 8.111 0.33 6.88 8.203 5.82
28 8.399 8.77 8.396 0.04 4.26 8.449 3.66
29 8.645 8.84 8.643 0.02 2.23 8.883 0.49
30 9.119 8.96 9.112 0.08 1.70 9.213 2.82
31 9.410 9.48 9.418 0.09 0.65 9.472 0.08
32 9.860 9.62 9.867 0.07 2.57 9.96 3.53
33 10.505 11.0 10.509 0.04 4.46 10.62 3.45
34 11.232 11.9 11.243 0.10 5.52 11.285 5.17
35 11.624 12.0 11.631 0.06 3.08 11.949 0.43
36 11.679 12.2 11.688 0.08 4.20 12.095 0.86
37 11.826 12.3 11.833 0.06 3.80 12.554 2.07
38 11.834 12.4 11.843 0.08 4.49 12.789 3.14
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3, % ACTPA-
ACTPA- o, % A3C’2009, o, %
e ACTPA- Mporpamma ACTPA- ADC'2009 ACTPA- Macchl Bo ACTPA-
wn A9C 6.1, PAMIIA[2] A3C’2009, Vs, ADC'2009 BCeX ADC'2009
489 cT. cB. 744 cT. CB. ACTPA-ADC VS. CeUYEeHHuAX, VS.
6.1 PAMITIA 1980 cr. PAMITIA
CB.
39 12.024 12.5 12.034 0.08 3.73 12.922 3.38
40 12.360 12.6 12.358 0.02 1.92 13.052 3.59
41 12.644 13.0 12.657 0.10 2.64 13.129 0.99
42 12.751 14.4 12.757 0.05 11.41 13.237 8.08
43 12.822 14.6 12.829 0.05 12.13 13.257 9.20
44 13.032 14.7 13.039 0.05 11.30 13.444 8.54
45 13.292 14.8 13.299 0.05 10.14 13.764 7.00
46 14.157 14.9 14.157 0.00 4.99 14.833 0.45
47 15.631 15.1 15.619 0.08 3.44 15.638 3.56
48 15.828 15.5 15.782 0.29 1.82 15.755 1.65
49 16.043 15.7 15.891 0.95 1.22 15.953 1.61
50 16.099 16.3 16.068 0.19 1.42 16.064 1.45
MakcumanbHOE pas3inuue ¢ paHee arrectoBaHHOM Bepcueil nporpammbl ACTPA-ADC
6.1 — 0.95% (cmegyer yuecThb TakkKe Pa3IUYHYIO CTENEHb MOAPOOHOCTH CPaBHUBAEMBIX
moneneit). Pacxoxnaenne mno pesyabtaram ¢ [IK PAMIIA nHe mnpebimaer 21% mno

HC3HAUYUTCIIbHOMY YUCITY YaCTOT.

14.6 JIuteparypa

1. ACTPA-ADC 6.1. Bepudukanuonnsiii oraer. HUL[ Cta/lnO, 1995
2. [Tporpammusiii koMmruieke “‘Pamma-93”, Arrectauuonssiii [lactiopt IIC Nel83 ot

28.10.2004.
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IIpumep 15. IIpoBepka NpPaBWIBHOCTH ONpPEAEJCHUS PACYETHBIX YCHJIMH H
HANPS’)KEHU B 3J1eMEeHTax prﬁonpmsozla15

1. HopMmBI pacueTta Ha MPOYHOCTH OOOPYOBAaHUS U TPYOONPOBOIOB
McTounuk(u) aTOMHBIX dHepreTudyeckux ycranook. [IH AD I'-7-002-86.

2. ACTPA-ADC 6.1. BepudukaioHHbIH OTYET.

HUII Cta/ln0O, 1995.
Tun 3agaun Craruueckuii pacuer HIC (onpenenenue HanpsiKeHUHN)
::Ipnn(([i)?mnpyemmx ZZ;;/Z;:a)mpy@, 0meoo (2ub, KoaeHO), MPOUHUK, MepmEds. Onopa
3J1eMeHTOB
BxoaHoii ¢aiia TEST15.dat

15.1 IlocTanoBKAa 3aga4un

Paccmampusaemces tinockas TpybonpoBoaHas cuctema (puc. 15.1), Haxomsmasics: Mo
neiicTBeM KOMOMHAIIMK Harpy30K:
» CcOOCTBEHHEIH BeC,
» wHarpeB Ha AT,
» BHYTpEHHEe JJaBJICHHE.

Tpebyemcs onNpeAeIUTh pa3Maxy HAMPSDKEHUS PACUCTHBIX TPy (O)rk U (G);.

[IpoBecTn cpaBHEHHME ¢ pe3yjibTaTaMH «pPYy4HOro» pacyera 1o ¢opMmysam,
npenctaBieHHbiM B Hopmax [1], a Takke ¢ pesyiabTaramMy, HOJYyYEHHBIMH 110 paHee
aTTecroBaHHOM Bepcuu nporpammel ACTPA-ADC 6.1[2].

15.2 Ucxoaublie JaHHBIE

T'eomempuueckue xapaxmepucmuxu

HOMHHAJIILHBINA HAPYKHBIA AMAMETP OCHOBHOU TpyOb! D, = 325 MM;
HOMHUHAJIbHAS TOJILIMHA CTEHKH OCHOBHOM TPYOBI S = 16 MM;
YTOHEHHUE CTCHKHA OCHOBHOU TPYOBI ¢ = 2 MM;

HOMUHAJIBHBIN nuametp mryuepa Dy=250mm;

HOMHHAaJIbHAS TOJIIMHA CTEHKHU Tyuepa Sp,=12mm;

YTOHEHHUE CTEHKH WITylepa ¢;=1.5Mm;

pamuyc ru6a R=1000 mMM.

YVVVYVYYVYYVY

Qusuxo-mexanuueckue xapaxmepucmuxu (cmanv mapku 08XISHIOT)
> moxyis yipyroctd Exgoc=2-10° MIla, Emzgc = 2.05-10° MIla;
» ko3¢ ¢unuent Ilyaccona v=0.3;
> K03(UIHEHT TeMIepaTypHOro pacimpenus a = 1.66:107 1/rpax.

I'panuunsvie ycnosus (onopwt)
» 3amemiieHue  (3a7elika) JIByX KOHIIOB TPyOOINpOBOJAa, TPETHH KOHEI
KOHCOJIbHBIM.

Iapamempuvr nazpy3ku
» IUIOTHOCTH MPOJYKTA P, = 1000 Kr/M;
» BHyTpeHHee nasneHue p = 1 Mlla;
» temnepatypusiii nepenang AT =T — Ty= 100°C-20°C = 80°C.

15 [Tpumep 1 B nononuennu k BepudukarponHomy oruery [TIK ACTPA-ADC 6.1, 1995 .
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15.3 PacueTrHas MoaeJib

Pacuetnass wmopgens TpyOompoBoga (puc. 15.1) cocToMT M3 Tpex Y4acTKOB
(cynepanemenToB). Y3en | mopenmpyercss Kak CBapHOE TPOWHHKOBOe coenuHeHue. OOrmiee
KOJIMYECTBO 3JIEMEHTOB B CXeMe — 23.

Ocegoe (Humounoe) npedcmasienue
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Obvemnoe (meepoomenvHoe) npeocmasieHue
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Puc. 15.1 Pacuernast ACTPA-moznens Tpy6oripoBoia (pa3Mepsl — B MM)
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15.4 Pe3yabTaTsl

15.4.1 “Pyunou” pacuem no popmynam, npueeoeHHviM 6 HOPMAX

Hcnonp3yrores creayronme 0003HauYeHus, NpuHATHIE B [1]:

D, — HOMUHaJIbHBINA HapYy’KHBINA AUaMETp MONEPEYHOTO CeYeHUs TPYOBI;
S — HOMUHaJIbHAs! TOJIIIIMHA CTEHKU TPYOBI;

Ay — mIomaib NONepeyHoro CeueHust Tpyobl;

W — MOMEHT CONPOTHBIIECHHSI U3THOY MOTIEPEUHOTO CEUCHUS TPYOBI;

P — pacueTHOe BHYTpPEHHEE JIaBIE€HUE B TPYOOIPOBO/IE;

E — monyne ynpyroctu matepuana;

C — cyMMapHas npu0OaBKa K TOJIINUHE CTEHKU;

¢ — KOOQPHUIUEHT CHUKEHUS TIPOYHOCTH CBAPHOTO IIIBA;

A — Ge3pazMepHblit reoMeTprUeckuii mapamerp (A = Rs/r”);

Kus) — KO(pPUIMEHT MECTHBIX W3rMOHBIX HANPSDKEHHH B TpyOe OT BO3ICHCTBUS
HITyLEPA.

OmnpeneneHne COCTABISIONINX HATPSHKCHHOTO COCTOSIHUS IUTSL NPAMOIUHEUHOU mpyObl
(cm. [1], ctp. 378), cumnoBble dakTopbl OepyTcs U3 ATana 3 (JaBiIeHUE + CAMOKOMIICHCAIINSA):

_,.P1D, —2(s—o)] 5. 1-[325-2(16-2)F

c,=20,,= = =2-5.065=10.13MIIa;
4D, -s+c)(s—c) 4(325-16+2)(16-2)
JM2+M? 10
o, = N T (N O = + 289107 5 565 -25.08 MI1a;
w Ay 1143841

r1e, corsacHo puc. 15.2, My=0, M,=22.89-10° H-mm, Nz=0, ,,=5.06MI1a;
H3THOHBI MOMEHT COMPOTUBIICHHUS TOMIEPEYHOTO CEYCHUsT OCHOBHOM TPYOHI:
4 4 4 4
y_ ZDi=D*)_3.1416-(325° ~293)
32D 32-325

a

=1143841 mn°,

rae D=(D,-25)=(325-2-16)=293 MM — BHYTPEHHHii AMAMETP OCHOBHOI TPYOBHI.

Jn1s1 Hapy>KHON TTOBEPXHOCTH TPYOBI IMEEM:
6,=0, =0 (1.x. M,=0);

TJIaBHBIC HAIIPSKCHUA:

o1 =25.08 Mlla;
o, =10.13 MIla;
O3 = 0.

() g =0, — 0
Pa3zmaxu HanpsKeHUN:

(6)rk=25.08MITa.

Hns  euba ¢ = R—2S = % =0.67<1,4 mnanpskenue (o)y,  BbIOHpaeTcs
r .

MaKCUMaJIbHBIM U3 CICIYIONINX YeThIpeX GopMyII:
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(0 =%\/th Vu+|M |8, iWo, [ +M? =

1
1143841

V[6.99-10° -2.039 + 1143841.5.065] =17.52 MITa,

rje, corjiiacHo puc. 15.2, M,=6.99-10° H-mm, My=0; 6,,=5.065MIIa; M,=0.

, 6.99-10°-1.458

+ M +Wo | + M- = +5.065=13.97Mlla,
Z ‘ y‘y'” Z”]Z : 1143841

(@ =,

6
v +WBa, [ +M? = 699-10°-2.039  191.10.607 = 24.03 MITa,

1143841

(O-)ORK = %\/UM‘C

2R-r  2-1000-154.5

= =1.091,
2R-7) 2(1000—154.5)

roe B =

r =%(Da —s)=%(345—16)= 154.5 mm.

o PP =2s—0)] _1:[325-206-2)]_ ey
w 2¢(s—c) 2-1-(16-2)

o =l.

(@)% = %\/ﬂMy‘ym +WBo, [+ M? =1.091-10.607 =11.57 MIla.

KoadduumenTs! nHTeHCH(DUKAUN HATPSIKSHAN Ym U P OTIPEACISUTUCH TIO (GOPMYIIaM,
npuBeaeHHbIM B Hopmax[1]:

02316
ay = 10156 + 661517 + 63.0-0 —
a
02197
ay = 10278 + 2042:17 + 35.0-0 — ———"
ay
0.1914
ay = 1.0625 + 37.5%2 + 15.000 —
as
0.09766
b= 0125+ 1.52° + 3.000 —
ay
o g, L
p - b
Ay e ——
2= 7
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0.3125

ay

Agp = 22
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04375
Agy = A
as
0.4687
Agy = N 62
2
04812
Ao = a—'Asz

1
Y= 0.75-x-[A22-(1 - 22) + A42-<1 - 42) + A62-<1 - 62) + A82~(1 - 82) + Aloz-(l - 102)]

1
B = K. 4+ 15 A22+A42+A62+A82+A02\
m - p ' 2 4 6 8 0 )

¥ = 2.039

By = 1458

T.o. nns tuba (o)rg = 24.03 MIla.

st mpoiinukogoeo y3na HanpsHKEHUS TPYIIbI (G)rk PACCUUTHIBAIOTCS 1O (GOPMYJIaM:

st ceuennii A-A u B-B [1, puc. T15.1]
o, =0.5a,0,, =0.5-3.558-10.607-=18.87 Mlla;

rre a, =1.2-2+2(D/D,} —(D/D, ) |=1.2- [2+2(293/325) - (293/325)' |=3.558
0. = O T oK) + 0, =7.74+5.065=12.8 MITa;

M _sin®—M cos® .10° -si ° -10°
e O-ZOMNz x 5 +£=8.85 10 -sin90°  6.35-10 —7.328 MIla,
w A, 1143841 15532

rae M,=8.85-10° H-mm, My=0, N, = - 6.35-10° H (cm. puc. 15.2),
2 2 2 2
7Z'(Da2 D ):3.1416(3245 293°) _ 5537 vt

A =

O'SMN(S) =0 (B crly CHMMETPUH CXEMBI);

g cedyenus b-b
0, =0,,* 0w K =10.607 MIla.

v wp
o, =150, +0,=1.5-7737+5.065=16.67 MIla.

['maBHBIE HANIPSKEHUS:
01=18.87 MlI1a;

0,=16.67 MlIla;

03:0.

(o)rx=01-03 = 18.87 Mlla.
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15.4.2 Yucnennoe pewrenue 6 ACTPA-A3C2009

Chinomiss sesct ol (0K O’ Oy ME* [P e” by A (0], Tt 1+ Migaatin 13 sennuimana | (S0 0010 Sl

]
3% PO 0o

> -

ACTRAADE E

Puc. 15.2 Pacuernble makcumainbhble ycunus (B KH) u momenTsl (B kH-M) B anemenTax
TpyOompoBoa 1 dTamna 3 (I1aBjlIeHrue + CaMOKOMIICHCAITH )

FrcunTiue nanpaenes ) Sran 3 Mpyana M
w08
24.08
2308
Fedi]

21
S
1910
1
17
16,11

HEN

1511
(EhF4
1312
1202
1113
113

AT b0 |

Puc. 15.3 Pacuetnsie Hanpspkenus (o)rg, MIla
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PacueTHble pazMaxy HanpsKEHUH NpeacTaBieHsl Ha puc. 15.3 u B Tabnune 15.1.

15.4.3 Cpasnenue pesynomamos

Tabmnuua 15.1

ComnocraBneHue pe3yinbTaToB (PacueTHBIX HAMPSKEHH)

Oran 3
(1aBieHuE + CaMOKOMIIEHCAIHS])
(), MTTa 5, %
RK »
Ne /it DeMeHT AC]:PA_
ACTPA- AD2C 2009
Nz, kH | My, kKHM | (pyupoity | ACTPA- ADC 6.1 VS.
pacuer [1] | ADC’2009 2] ' «PY4HOI»
pacuer

1 [Ipsimas TpyOa 0 22.89 25.08 25.08 25.08 0.00

2 I'n6 -4.49 6.99 24.03 24.04 24.04 0.04

3 TpoitHnK 0 8.85 18.87 18.87 18.87 0.00

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

Pesynbrarer no Bepuduiupyemoit Bepcuut ACTPA-A2C 2009 uaeHTUYHBI TAKOBBIM T10
panee arrectoBaHHoi [IK ACTPA-ADC 6.1[2].

15.5 JIuteparypa

1. HopMbl pacdyera Ha MPOYHOCTH OOOpPYNOBAaHUS M TPYOONPOBOJIOB AaTOMHBIX
sHepreTuueckux ycranoBok. [THAD I'-7-002-86.

2. ACTPA-ADC 6.1. Bepuduxkarmonnsiit oruer. HUL[ Cra/luO, 1995.
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IIpumep 16. IlpoBepka NpPaBWJIBLHOCTH pacyeTa 4acToT U (GopM COOCTBEHHBIX
KOJIe0aHuM M ceicMUYecKoi pealcmm16

1. ACTPA-ADC 6.1. Bepudukaumonnsiii oruer. HUL[ Cra/luO,
HUcTounuk (u) 1995.

2. CANPIPE. Bepudukaunonnsiii oruer. HUKNUIT, 1997.
Tun 3apaun CobcTBEeHHBIE YacTOThI U (hOPMBI, CeiCMUKa
Tun(b)
BepHPHIHPYEMBIX IIpsimas mpyba, omeoo (2ub, Koreno), mepmeas onopa (3a0enxa)
3J1eMEHTOB
Bxoxnoii ¢aiia TEST16.dat

16.1 IlocTaHoBKA 3a1a4H

Paccmampueaemcs mpoctpancTBeHHass TpyOompoBogHas cucrema (puc. 16.2),
MOJIBEPTa0IAsCs CEHCMUIECKOMY BO3/ICHCTBHUIO.

Tpebyemcs omnpenenuTbh COOCTBEHHBICE 4YacTOTHI W (HOpPMBI KOJeOaHWM, a TakkKe
CEHCMUYECKYIO PEAKIIUIO.

[IpoBecTn cpaBHEHHE € pe3ysbTaTaMU pacueToB II0 PaHEe aTTECTOBAHHOM BepCUU
nporpamMmmbl ACTPA-ADC 6.1 [1] u no nporpamme CANPIPE[2].

16.2 Ucxoauble JaHHBIE

T'eomempuueckue xapakmepucmuxu
» HapyXHbIil tuamerp Tpyost D = 219 mMmMm;
» TOJIIHMHA CTCHKU TPyObI S = 10 MMm;
» paanyc ruda R = 500 mm.

Dusuro-mexanuyecKue xapaKmepucmuxu
> momyib ynpyroctu E = 2:10° MITa;
» xod¢p¢unment Ilyaccona v=0.3.

I'panuunsie ycnosus (onopuwi)
» 3amiemiieHue (3a1enka) 000uX KOHIIOB TPYOOmpoBoIa.

Iapamempor Haepy3Kku
» mnoronHas macca m = 100 xr/m;
» celicMHUYecKHe BO3JICHCTBHS 3aJal0TCS B BHJE TPEX OJHOKOMITOHCHTHBIX
(ocTanbHBIE KOMIIOHEHTHI — HYJIEBBIE) H OJHOTO TPEXKOMIIOHEHTHOTO CIIEKTPOB
otBeTa (Tabdnuma 16.1, puc. 16.1).

16 [Tpumep 2 B nononHernu k BepudukarponHomy oruery [TIK ACTPA-ADC 6.1, 1995 .
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Tabnuua 16.1

PacueTHbIi1 TPEXKOMITIOHEHTHBIN CEHCMHYECKUM CIIEKTP OTBETA

Yacrora £, I'n Ochb X, m/c? Ochb Z, m/c’
0.0001 0.0 0
1 4.70 0.
0 9.4 0.
3 9.4 0
4 9.4 1
5 9.4 1.
6 4.80 1.
7 3.9714 4.40 2.
8 3.6571 4.0000 9.6000
10 3.0285 3.2000 9.6000
12 2.4000 2.4000 2.4000
20 2.4000 2.4 2.4000

SaPMOHMMOCTE FWCORODEHMI OT HaOTOTH
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' ' — -
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_____________________________________________________________________________
------------------------------------------------------------------------------
b
'
--------------------------------------------------
'
'
'
'
'
———————————————————————————————————————
'
'
'
'
'
———————————————————————————————————————————————————————
'
'
| '
' '
e i sl el s Rl Tt il [l il el i il Tl ==
' '
' '
' ' '
' ' '
. . '
T T T T T T T

8 9 10 11 12 13 14 15 16 17 18 19 20

Yacrora, I

Puc. 16.1 PacueTHblii TPEXKOMIIOHEHTHBIN CIIEKTP OTBETA

16.3 PacueTrHast MoaeJIb

Pacuetnas wmonmens TpyOompoBoma (puc. 16.2)

COCTOUT H3

IBYX YYacTKOB

(cymepanemenToB). O0IIee KOJIMYECTBO AJIEMEHTOB B pacueTHoi mojenu — 45. JluHamuyeckas
MOJIeNIb TIpejIcTaBieHa Ha puc. 16.3. O6miee 4yucio AMHAMHUYECKUX CTETEeHeW cBoOoabl — 132,

cyMMmapHas macca Tpyoomposoga — 1.86 T.
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Puc. 16.2 Pacuernas ACTPA-Moznens TpydompoBoaa
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G4 004 DDy
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ACTRAMIC

Puc. 16.3 PacueTHas JUHaMHU4YCCKas MOJCIIb

16.4 Pe3yabTaTthl

Ha puc. 16.4-16.5 npencraBieHbl pe3yiabTaThl MO0 CEUCMHUYECKUM IEPEMELIECHUSIM U
PEaKIysIM B OTIOpaXx IS CITydasi TPEXKOMIOHEHTHOTO CIIEKTPa OTBETA.
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Meperpuerua o FCK FA). BoaoefcTeume M4 (gron B

3.74.37.00. 3.37)

| (EE3z 088 97T

§ i
» ¥
.. N é
ACTPAMDC

Puc. 16.4 PacueTHble ceiicMuuecKue nepeMenieHus B ceueHusax A u B, mm

Crnpaes g rape i 0K 0=t Ond Be (mH), bt kb br' [xHr), Boagefersns M (yran M)

B7. B2 471
2415, 12,66, 11.37

f \ '
e L -
* - 567, 6.42, 471
ACTRAAIC 2415 12.66.11.37

Puc. 16.5 PacuetHble ceiicMuuecKkue peakiuu B onopax, kH
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16.5 ConocraBJjieHHe pe3y1bTATOB

B Tabnuue 16.2 mpuBeneHBI HU3IIME COOCTBEHHBIC YaCTOTHI, BbiuucieHHble 1mo 1K
ACTPA-AD2C’2009, panee arrectoBanHoil Bepcun ACTPA-ADC 6.1[1], mnporpammam
CTAANO, CANPIPE[2].

Tabmnuma 16.2
ConocraBieHue pe3ynbTaToB

Co0cTBeHHBIE YacTOTHI, I'11

1 2 3 4 5 6
CANPIPE 1.8 | 2.87 | 4.57 | 887 | 9.88 13
CTAANO 1.818 | 2.9 [4.604 |8.892]9.901 | 12.87

ACTPA-A3C 2009 | 1.818 | 2.905 | 4.568 | 8.89 | 9.867 | 12.843

ACTPA-ADC 6.1 [1] | 1.818 | 2.905 | 4.568 | 8.89 | 9.867 | 12.843
3, % 1.00 | 1.22 | 0.04 | 0.23 | 0.13 | 1.21
0 — otnuuue pesyiabraToB o ACTPA-ADC'2009 or CANPIPE

MakcumanbHO€ pasziauuue coctaBuiio 1,22 %.

B Tabmumax 16.3 w 16.4 mpencraBieHbl pacueTHbIE 3HAYCHHS CEUCMHUYECKHX
nepemenieHnii B ceueHussx A u B (cm. puc. 16.1) u celicMuueckuX peakiuil B 3aleKax,
ompenenaeHHpie 1o TmporpamMmHoMy Komriuiekcy ACTPA-ADC 2009 (c  yderoM IIecTd
COOCTBEHHBIX 4acTOT U (opM), paHee arTecToBaHHOM Bepcuu nporpammbl ACTPA-ADC 6.1,
nporpammHubiM komiuiekcam CTAJIMO u CANPIPE.

CpaBHEHHE pe3yNbTaTOB pacyera IIOKa3bIBa€T, YTO IO COOCTBEHHBIM YacTOTaM
pacxoxaenue mMexay CANPIPE u ACTPA-ADC cocrasmser He 6onee 1,5 % ,4to BmomHe
npueMiieMo U OOBSICHUMO pa3lInuueM B MojenupoBaHuu TpyOompoBoma. Mexny CTAJINO u
ACI'PA-ADC -0.8%, uTo moaTBepKAAET MPaBUIBLHOCTH pacueToB no nporpamme ACTPA-ADC.
ComnocraBneHre cOOCTBEHHBIX (OopM KojeOaHH TakKe MOKa3bIBaeT OJIM30CTh PE3yIbTaTOB.

Tabnuua 16.3
PacueTrHble celicMuyeckue nepeMeneHus

[lepemenienus, Mm

Ceuenue Kommiekc Crnextp no U. U U
X 71.00 | 17.75 | 0.00
ACTPA- y 19.91 | 32.46 | 0.00
ADC’2009 V4 0.00 0.00 3.32
X,Y,Z 73.74 | 37.00 | 3.32
X 71.00 | 17.75 | 0.00
A ACTPA-ADC y 1991 | 32.46 | 0.00
6.1[1] z 0.00 0.00 3.32
X,Y,Z 73.74 | 37.00 | 3.32
CANPIPE X,Y,Z 93.80 | 46.10 | 3.40
X 71.41 | 17.78 | 0.00
CTAAMO y 19.94 | 32.68 | 0.00
z 0.00 0.00 3.33
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X 31.15 | 8.64 9.10

ACTPA- y 8.60 | 19.00 | 2.56
A3C°2009 z 0.68 0.73 | 2.50
X,Y,Z 32.32 | 20.88 | 9.77

X 31.15 8.64 9.10

B ACTPA-ADC y 8.60 19.00 | 2.56
6.1[1] z 0.68 0.73 2.50
X,Y,Z 32.32 | 20.88 9.77

CANPIPE X,Y,Z 41.20 | 2590 | 12.00
X 31.35 8.66 9.10

CTAUO y 8.62 19.12 | 2.55
z 0.71 0.74 2.48

Tabmuua 16.4
PacueTrHble celicMUYeCKUe peakiuu

Peaxmun, xH

Kommnekc Cnexkrp no R, R, R
X 4.21 | 1.50 | 1.20
ACTPA-ADC’ y 1.64 | 5.61 | 4.92
2009 z 1.30 | 0.87 | 6.73
X,Y,Z 4.71 | 5.87 | 8.42
X 421 | 1.50 | 1.20
ACTPA-ADC y 1.64 | 561 | 492
6.1[1] z 1.30 | 0.87 | 6.73
X,Y,Z 471 | 5.87 | 8.42
CANPIPE X,Y,Z 574 | 7.11 | 9.17
X 424 | 1.50 | 1.19

CTAINO y 1.65 | 564 | 491
z 1.33 | 0.88 | 6.69

CpaBHeHHE  CEHCMHUYECKMX IIEPEMEIIEHUH M Harpy3oK, BBIUMCIIEHHBIX IO
nporpaMMHbIM KomiuiekcaM ACTPA-A2C 2009 n CTAJJUO, BbIsiBUIIO KpailHE HE3HAUUTEIHHOE
pacxoxnaenue — He Oonee 0,7%. ComocraBienue ¢ pesyiapraramu no nporpamme CANPIPE
MO3BOJISIET CYIUTh O TOM, 4TO ceiicMuueckue peakiuu no nporpamme CANPIPE onpenenstorcs
HE II0 Mpouenype “KOpeHb KBaJpaTHBIA M3 CyMMBl KBaJIpaTOB PEaKLMH, BBIYUCICHHBIX NpHU
pa3aenbHOM NPUIIOKEHUU BO3AEUCTBUN MO KaXKIOMY M3 HallpaBJICHUHN .

Taxke ciegyeT OTMETUTh MOJIHYIO MJIEHTUYHOCTh BceX MoiydeHHbIX o ACTPA-
ADC’2009 pe3ynbTaToB TaKOBBIM IO paHee aTTecToBaHHOW Bepcuu nporpammbl ACTPA-ADC
6.1.

16.6 JIuteparypa
1. ACTPA-ADC 6.1. Bepuduxkanuonusiit oruer. HUL[ Cta/lnO, 1995.
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IIpumep 17. Pacuer TpyOonpoBoaa ¢ y4eToM TpeHusi B orlopax17

Cra/lnO, 1995

1. 3BeppkoB b.B., Kocroeukuit J[.JI. u gp. Pacuer wu
KOHCTpyUpOBaHHe TpyOorpoBonoB. CrnpaBouHOe MOCOOHE.
HUcTounuk(un) Jlenunrpan, Mammnoctpoenue. 1979.

2. ACTPA-ADC 6.1. Bepuduxanuonusiii oruer. HUIL]

Tun 3agaun Craruueckuii pacuer HIC
Tun(b)
Ilpamas mpyba, omeoo (eub, KoneHo), onopa mpeHus
BepupUUUPyeMbIX
08YCMOPOHHSS, Mepmeas onopa (3a0eika)
3J1€MEeHTOB
Bxoauoii ¢aiia TEST17.dat

17.1 IlocTaHoBKAa 3aga4un

Paccmampusaemcs tpybompoBon, mnpuBeacHubii B [1, mpumep 11.1, m.11.8] u

MOKa3aHHbIN Ha puc. 17.1.

Tpebyemcs oNpenenuTh TEpPEMENICHUS W CUJIbl TPEHHS B OMOpPaxX, BHI3BAHHBIE
nepexoIoM TpyOOmpoBoia M3 XOJIOAHOTO COCTOSIHUS B pabodee, MpH pa3iMYHBIX MHTEpBajax

TEMIIEpaTyp.

[IpoBecTn cpaBHEHUE C pe3ysibTaTamH, MPUBEACHHBIMU B ClpaBouHHMKE [1], a Takxke
NIOJyYE€HHBIMH 110 paHee arTecToBaHHOM Bepcuu nporpaMMmbl ACTPA-ADC 6.1[2].

17.2 Ucxoauble JaHHBIE

FeomemputteCKue xapakmepucmuKku

» HOMHHAJBHBIN HapyXHbIH quameTp Tpyoonposoaa D, = 630 mm;

» TOJIIMHA CTEHKH § = 22 MM;
» YTOHEHHE CTCHKH ¢ = 3.3 MM;
» paamyc ruba R = 1200 mm.

Du3uko-mexanuieckue XapaKmepucmuxu
> wmoxyns ynpyrocti E=1.85-10° MI1a;
» kodpdunment [lyaccona v=0.3;
» KO03(h(UIMEHT TeMIIEPaTypHOTO PACIIMUPEHUS &
» ko3 durmeHT TpeHus B omopax f=0.3.

I'panuunsvie ycnosus (onopwt)
» 3amiemiieHue (3a/1e1ka) KOHIIOB TPyOOIpoBo/Ia.

Ilapamempwr nacpysxu
» Ttemmnepatypubie niepenansl: AT; = 90°C, AT,
180°C, 4Ts = 240°C;

1.33-10°;

120°C, 4T3 = 150°C, 4T4 =

» cocpeloToueHHBIC BepTHKabHbIe critbl F; = 50 kH, F> =169 xH, F; =180 xH,

F4 =50 xH.

17.3 PacueTHast MoaeJIb

PacueTHast Mopens paccMarpuBaeMoro TpyOONnpoBoja, IOCTPOSHHAs! CPEACTBAMHU IIpe-
npoueccopa [IK ACTPA-A25C 2009, noka3ana Ha puc. 17.1. JlaHHas cynepaieMeHTHas: MOJEIb
BKJIIOYAET B ce0sl 1Ba yyacTKa (CylepaIeMeHTa), YEThIPE OMOPbI CKOJIBKEHUS U IPUII0KEHHBIE B

7 [Tpumep 3 B nononHennu k BepudukarponHomy oruery [TIK ACTPA-ADC 6.1, 1995 .
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ACTPA-ADC’2009. Bepudukaunonusiii ordet. Tom 2 (mpumepsi-nioBTopsl 1995+)

TOYKAaX OMUPAHUS TPYyOONPOBOJIA BEPTUKAIBHBIC COCPEIOTOUYCHHBIC CHIIBL. OO0IIee KOJINISCTBO
3JIEMEHTOB B pacueTHOM mozenu: 12.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 107
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Puc. 17.1 Pacuetnass ACTPA-monens TpyOonpoBoja (pa3mMepsl — B MM)
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ACTPA-ADC’2009. Bepudukaunonusiii otdet. Tom 2 (mpumepsi-noBTopsl 1995+)

17.4 Pe3yabTaTthl

PesynpraTramu uncnennoro pacuera no 1K ACTPA-45C 2009 sBnsnuch nepeMeIieHus
Y CWJIbI TPEHUS B JIBYX ONOpax CKOJIbKEHUs (oMeueHsl Ha puc. 17.1 Mapkepamu) MpH MITH paz-
muuHbIX nepenangax temmnepatyp: ATy = 90°C, AT, = 120°C, AT; = 150°C, AT4 = 180°C, ATs =
240°C. Ha puc. 17.2—17.3 noka3anbl pe3yJbTaThl 1j1s1 TemneparypHoro nepenana 90°C. B nuc-
tuHre (puc. 17.4) npuBeneH 3HaYMMBbII (pparMeHT NPOTOKOJIA CXOAUMMOCTH /ISl pacyeTa TPeHHs
B onopax 1o Merony Kynona (uTepaninoHHBIN mporecc).

Mapmsmamesan i [TE (Fe Sran ) - Mapae 6 cosnm-or B pabos oo s

ACTRAADE

Puc. 17.2 PacueTHble nepemelieHus TpyOoonpoBo/ia B pacCMaTpUBAEMbIX OMIOPAX CKOJIbKEHHS
npu AT =90°C, mm

e L T R R AT e e ——

ELE IR
LT T

AT b 6

Puc. 17.3 PacdeTHble cUiIbl TPEHHS B paCCMAaTPUBAEMBIX OIOPAX CKOJIBKEHUS
npu AT =90°C, kH
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ACTPA-ADC’2009. Bepudukaunonusiii otdet. Tom 2 (mpumepsi-noBTopsl 1995+)

Hmepayus Nel Oman 3
Onopa 3, yu-x Ne 1 ( 1- 2), leycmoponunsas onopa,
Onopa 1, yu-k Ne 2 ( 1- 3 ), [Isycmopounsas onopa,
Onopa 4, yu-x Ne 2 ( 1 - 3 ), eycmoponuas onopa,
Onopa 7, yu-k Ne 2 ( 1 - 3 ), [Isycmopounss onopa,
Hmepayus Ne2 Oman 3
Onopa 3, yu-k Ne 1 ( 1- 2 ), [lsycmopounss onopa,
Onopa 1, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Onopa 4, yu-k Ne 2 ( 1- 3 ), [Isycmopounss onopa,
Onopa 7, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Umepayus Ne3 Oman 3
Onopa 3, yu-x Ne 1 ( 1- 2), leycmopounsas onopa,
Onopa 1, yu-k Ne 2 ( 1 - 3 ), [lsycmopounss onopa,
Onopa 4, yu-x Ne 2 ( 1 - 3 ), eycmoponuas onopa,
Onopa 7, yu-k Ne 2 ( 1 - 3 ), [lsycmopounss onopa,
Hmepayus Ned Oman 3
Onopa 3, yu-k Ne 1 ( 1- 2), [lsycmopounss onopa,
Onopa 1, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Onopa 4, yu-k Ne 2 ( 1- 3 ), [lsycmopounss onopa,
Onopa 7, yu-x Ne 2 ( 1 - 3 ), eycmoponuas onopa,
Umepayus Ne5 Oman 3
Onopa 3, yu-x Ne 1 ( 1- 2), eycmopouunsas onopa,
Onopa 1, yu-k Ne 2 ( 1- 3 ), [Isycmopounss onopa,
Onopa 4, yu-x Ne 2 ( 1 - 3 ), eycmoponunsas onopa,
Onopa 7, yu-k Ne 2 ( 1 - 3 ), [lsycmopounss onopa,
HUmepayus Ne6 Iman 3
Onopa 3, yu-x Ne 1 ( 1- 2), lgycmoponunsas onopa,
Onopa 1, yu-k Ne 2 ( 1 - 3 ), [lsycmopounss onopa,
Onopa 4, yu-x Ne 2 ( 1- 3 ), deycmoponunsas onopa,
Onopa 7, yu-k Ne 2 ( 1 - 3 ), [lsycmopounss onopa,
Umepayus Ne7 Oman 3
Onopa 3, yu-k Ne 1 ( 1 - 2), [lsycmopounss onopa,
Onopa 1, yu-x Ne 2 ( 1- 3 ), deycmoponunsas onopa,
Onopa 4, yu-k Ne 2 ( 1 - 3 ), [lsycmopounss onopa,
Onopa 7, yu-k Ne 2 ( 1 - 3 ), [Ilsycmopounss onopa,

eps = 0.0583906
eps = 0.524586
eps = 3.07692
eps = 0.0891503

eps = 0.0276908
eps = 0.322798
eps = 0.435431
eps = 0.038577

eps = 0.00870736
eps = 0.143503
eps = 0.274216
eps = 0.0140407

eps = 0.00540967
eps = 0.0587315
eps = 0.148909
eps = 0.00747852

eps = 0.00320124
eps = 0.0239203
eps = 0.0741498
eps = 0.00358637

eps = 0.00170646
eps = 0.00993648
eps = 0.0354724
eps = 0.0016736

eps = 0.000852189
eps = 0.004228
eps = 0.0166565
eps = 0.000772882

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

110




ACTPA-ADC’2009. Bepudukaunonusiii otdet. Tom 2 (mpumepsi-noBTopsl 1995+)

Hmepayus Ne8 Oman 3
Onopa 3, yu-k Ne 1 ( 1- 2), [Isycmopounss onopa,
Onopa 1, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Onopa 4, yu-k Ne 2 ( 1- 3 ), [lsycmopounss onopa,
Onopa 7, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Umepayus Ne9 Oman 3
Onopa 3, yu-x Ne 1 ( 1- 2), eycmopounsas onopa,
Onopa 1, yu-k Ne 2 ( 1- 3 ), [lsycmopounss onopa,
Onopa 4, yu-x Ne 2 ( 1 - 3 ), eycmoponuas onopa,
Onopa 7, yu-k Ne 2 ( 1 - 3 ), [lsycmopounss onopa,
Hmepayus NelO Oman 3
Onopa 3, yu-k Ne 1 ( 1- 2), [lsycmopounss onopa,
Onopa 1, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Onopa 4, yu-k Ne 2 ( 1- 3 ), [lsycmopounss onopa,
Onopa 7, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Hmepayus Nell Oman 3
Onopa 3, yu-x Ne 1 ( 1- 2), eycmoponunsas onopa,
Onopa 1, yu-k Ne 2 ( 1- 3 ), [lsycmopounss onopa,
Onopa 4, yu-x Ne 2 ( 1 - 3 ), eycmoponusas onopa,
Onopa 7, yu-k Ne 2 ( 1 - 3 ), [leycmopounss onopa,

eps = 0.000410721
eps = 0.00183819
eps = 0.007746
eps = 0.000355319

eps = 0.00019407
eps = 0.000812874
eps = 0.00358258
eps = 0.000163103

eps = 9.05253e-05
eps = 0.000363839
0.00165168

7.47842e-05

eps
eps

eps = 4.19901e-05
eps = 0.000164329
eps = 0.000759932
eps = 3.43154e-05

Puc.17.4 ®parment nporokoina cxogumoctu (ACTPA-ADC)
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ACTPA-ADC’2009. Bepudukaunonusiii otdet. Tom 2 (mpumepsi-noBTopsl 1995+)

17.5 ConocraBJjieHHe pe3y1bTATOB

Ha puc. 17.5 npusenens! rpaduku koMmnoHeHT nepememenniit Uy 1 Uy Ui pa3smuuHbIX
UHTEPBAJIOB Temneparyp, noaydeHHslx no I[HK ACTPA-A2C°2009 n B3SThIX U3 UCTOYHMKA [1,
puc. 11.8]. Kak BUIHO M3 cONOCTaBIAEMBIX I'paMKOB, NMPH OIM30CTH KaUECTBEHHON KapTHHBI
NepEeMENICHU U KOJIMYECTBEHHON UACHTUYHOCTH JUIsl ONOphI 1, HabJIk01aeTCsl HEKOTOPOE KOJIH-
YECTBEHHOE pacXoxaeHue s onopsl 2 (5.4% mna Uy npu 240°C u pa3HbIX 3HaKax Ajs HE3Ha-
ynMbIX 3HaueHui Uy). OTMEUeHHOE OTINYHUEe CleAyeT OOBSICHUTH OOJIbIIEH TOUHOCTBIO pacyeTa
no IIK ACTPA-A3C’2009 no cpaBaenuto ¢ [1]. Ormetum, uto pe3ynbTaThl 1o ACTPA-
ADC’2009 npakTUYECKN UJIECHTUYHBI TAKOBBIM Ui paHee arrecToBaHHON Bepcun ACTPA-ADC
6.1[2].

4.00

2.00 1200 1396180

AT=90C A == 240
—— =

N —— Omopa 1. ACTPA-ADC"2009
=90C —-#—Omnopa 1. CnpaBoynuk [1]
X 6.00 120 —a— Omnopa 2. ACTPA-ADC"2009

AN

150C%, ———-Omnopa 2. CnpaBounuk [1]

%
=)
S

Y

D

180

-12.00 240C%

-Uy, Mm

Puc. 17.5 I'paduku nepemenieHuii TpyO0OnpoBOIa B pacCMaTPUBACMBIX OMOPAX CKOJIBKCHHS

B Tabmuie 17.1 mpuBeaeHbl COMOCTaBUTEIbHBIC 3HAYCHUSI PEAKTUBHBIX CHJI TPCHHS B
omopax 1 u 2 (cpaBHeHHE C pe3yJbTaTaMH U3 UCTOYHUKA [ 1] MPOBOAUTCS MO 3HAUUMbIM KOMIIO-
HEHTaM CHJI).

Tabmuua 17.1
PacuetHbie cuibl TpeHHs B onopax, kH

Ne i/m | MTepBas temmneparyp AT Onopa 1 Onopa 2
Ry R, Ry R,

CrnpaBoYHHK 7.32 | 13.15 - -

1 90 ACTPA-AD2C°2009 | 7.18 | 13.17 | -12.57 | 52.52
3, % 0.15

ACTPA-ADC 6.1 721 | 13.14 | -11.07 | 52.86
CrnipaBo4HUK 6.82 [ 13.89 | -7.05 | 54.09
5 120 ACTPA-A2C°2009 | 6.83 | 13.36 | -7.97 | 53.41
3, % 3.82 1.26
ACTPA-ADC 6.1 6.83 | 1334 | -7.84 | 53.44
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Ne n/m | UnTepBas temmneparyp AT Onopa 1 Onopa 2
Ry R, Ry R,
CnpaBo4HHK 6.55 [ 13.55| -7.62 | 54.03
ACTPA-AD2C°2009 | 6.77 | 13.39 | -4.34 | 53.82
. 150 o, % 1.18 0.39
ACTPA-ADC 6.1 6.77 (1337 | -424 | 53.84
CnpaBo4HHK - - -4.91 53.66
4 180 ACTPA-A2C°2009 | 6.83 | 13.35| -1.38 | 53.98
3, % 0.60
ACTPA-ADC 6.1 6.83 | 1334 | -1.30 | 54,00
CrnipaBOYHUK 6.69 | 13.45| -0.25 | 54.06
s 240 ACTPA-A2C°2009 | 7.08 | 1322 | 3.18 53.90
S, % 1.71 0.30
ACTPA-ADC 6.1 7.08 | 13.21 3.22 5391

MakcumanbHble OTIWYUS 10 3HAYMMbIM KOMIIOHEHTaM CHJI TPEHHUS B PACCMOTPEHHBIX
ornopax He npesbimaioT 3,82%. Yka3zaHHbIE pacX0Xk/I€HUS BIOJIHE 00BICHUMBI OO0JIbIIEH TOYHO-
cteio pacuetoB 1o IIK ACTPA-A3C'2009 (11 wureparuii 10 CXOANMOCTH) O CPaBHEHHUIO C
PYYHBIMHU pacyeTaMH B ClipaBOYHUKE [1].

MakcumanbHbie PACXOXKIACHUS 11O 3HAYUMbIM KOMIIOHCHTAM CHUJI TPCHUSA C paHCC aTTC-
croBanHO# Bepcuerr ACTPA-ADC 6.1 coctaBunu 0.64%. OT0 npakTUYECKH MPUEMIIEMOE pac-
XOXKICHHE 00YCIOBIEHO OOJbIIEH 3aJaHHONW TOYHOCTHIO CXOJUMOCTH UTEPAIMOHHOTO MpoIiecca
B ACTPA-AD2C 2009 (0.001, cm. puc.17.4) mo cpaBHeHUIo ¢ TakoBoi miis Bepcuu ACTPA-ADC
6.1 (0.01).

17.6. Jluteparypa

1. 3BeprkoB b.B., Koctoseuxkwuit I.JI. u np. Pacuer u koHCTpyupoBaHue TpyOOIpOBO-
noB. CripaBouHoe nocobue. Jleaunrpan, MammaocTpoenue. 1979.
2. ACTPA-ADC 6.1. Bepuduxarnmonnsiit oruer. HUL[ Cta/lnO, 1995.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 113




	Общие положения
	Матрицы верификации
	Пример 1. Расчет консольного полукольца (гиб, колено трубопр
	Пример 2. Расчет консольного полукольца (гиб, колено трубопр
	Пример 3. Защемленное полукольцо под собственным весом. Сопо
	Пример 4. Консоль, нагруженная силой на свободном конце (сеч
	Пример 5. Консоль под равномерно распределенной нагрузкой (с
	Пример 6. Консольная балка, нагруженная на конце крутящим мо
	Пример 7. Опорные конструкции, заданные в местной системе ко
	Пример 8 Собственные частоты прямолинейной трубы с опорными 
	Пример 9. Собственные частоты стержня с поперечным сечением 
	Пример 10. Собственные частоты пространственного криволинейн
	Пример 11. Вынужденные установившиеся колебания консольного 
	Пример 12. Вынужденные неустановившиеся колебания консольног
	Пример 13. Расчет собственных частот и форм разветвленной пр
	Пример 14. Расчет собственных частот и форм разветвленной тр
	Пример 15. Проверка правильности определения расчетных усили
	Пример 16. Проверка правильности расчета частот и форм собст
	Пример 17. Расчет трубопровода с учетом трения в опорах

