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PacyeT Ha NPOYHOCTbL U
TPEeLWMHOCTONKOCTb 3J5IeMEHTOB
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JluHenHan ynpyrasi MexaHukKa

pa3pyweHus (JIYMP)

Bbluncnenue Ki, Klil, Kl Bbiuncnenune Gl, Gll, GllI
OcHoBHble Benu4inHbl JIYMP:

* KOAPPULUMEHTBI UHTEHCUBHOCTU HanpskeHun (KNH)
KI, KlI, KlII;

* MHBAPWaHTHbIN J-NHTerpar;

* NLHTEHCUBHOCTb BblgeneHnust aHeprumn G (Gl, GlI, GllI);

ba3soBble TUNbI TPELWWNH.

BbluncneHue J-uHTerpana
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KoHuTyp C TpexmepHoro J-
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TpewmHa nonepeyHoro TpewmHa NpogoNAbLHOro
TpewmHa oTpbiBa casura casura



PyHKUMOHaN «BcTponTb TpeLinHy B
moaensb (4-y3noBble TeTpasgpbl)»

1) Kakvme pasmepbl TpewuHbl SABNAKTCA
KPUTUYECKUMU NPU JaHHOW Harpyske;

2) Kakas Harpyska siBNAeTca KpuTudeckon Ans
TEKYLLUNX pa3MepoB TPELUUHbI;

3) BosamoxHa nn pganbHenwas akcnnyaTtauus
KOHCTPYKLMI C TPELMHON.




BcTtpoutb TpewmHy B Mmoaens (4-y3noBble TeTpas3apbl)

CtaTtnyeckum pacuer

BCTPOWTL TREWMHY B Moaeb ?
MapameTps! TPewmHS! Moaenuposarive BuIMMCMTh NapamMeTps!
Homep ysna |0 e e O Kon-so ypoeweii | 40 Moxasats Cawrerpan
o ek e uaMeTp, MM CrpaiTh (e, eI, 61 K —— s (1/2
puenTaLyn NICK Tpewys! o ocsm 03GDULMEHT WHTEHCMBHOCTH HanpAXEHUA a*m
. ' z Sora TeTpasapon ot Havana | [ g Uk, dpuu P (KWH), (1/2)
ox . . KOHLIA PPOHTE TPELLHHEI
0
= Koo xonmypos Jumrerpara |3 B Homep yana KI KII KIII
Ow¥rp |0 0 0 H r
X OUEP KORTYPE JrTerpana ’ BbIUMCIUTE NAPAMETPE! YCTANOCTHOND PACYETA Tt e o T
rrrEre | CemememeTy (K3 e o 20 o s 061 882 217.844 -8.101617 8.279851
L (ErETE _ . 866 217.988 -8.381671 -8.00498344
L [[JKosth. sanaca ana cnyqaiHeix Harpyxeni
£ zm . L= 20l 2 868 217.623 8.851964 8.8915563
T ; -
z T T geita delta
J_. Y Y/ 4 2 |0 oK OTHeHa
X/ 2
x . MakcumansbHoe 3HaqeHue, KImax: 217.988 B y3ne HOMep: 866
MakcumanecHoe 3HaqeHue, KIImax: @8.141116 B y3Ne HOMep: 883
MakcumansHoe 3HaqeHue, KIITmax: @8.487984 B y3Ne HOMep: 823

WHTeHCMBHOCTE BhideneHuA sHeprui, Mla*m

Homep yzna GI GII GIII
882 8.150024 -0.000118492 2.20302e-85
866 8.150128 7.54672e-85 2.50488e-85
868 8.149817 -5.36855e-85 1.20736e-086
MakcumaneHoe 3HaqeHue, GImax: @.158128 B y3ne HOMep: 866
MakcumaneHoe sHaqeHnwe, GIImax: ©.000483466 B y3Nne HOMep: 877
MaxcumaneHoe 3Haqenme, GIIImax: ©.800398791 B y3ne HoMep: 889

J - wuTerpan, Mla*m

Homep yzna Koutyp B 1 Koutyp K 2 KouTyp ¥ 3
882 8.8081495 0.8939438 0.8823567
866 0.80750086 8.8904216 0.8796603
868 0.80673259 8.0886749 0.08764518

MakcumaneHoe 3HaqeHwe J-uwHTerpana, Jmax: 8.14354 B y3ne HoMep: 38

EE T BHBO,D, EE T

KpuTuyeckoe 3HaveHue Ko3bDPUUMEHTa MHTEHCMBHOCTM Hanpaxedwid, KIc: 2855 MMa*m™(1/2) 4
KIc »= KImax - 3SKcCnAyaTaluMA KOHCTPYKUMIA C TPelWMHOW MpM 3afaHH:IX YCNOBMAX IarpyxeHWA c4MTaeTcA bGesonacHoi
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= BcTpouthb TpewuHy B moaenb (4-y3noBble TeTpasapbl)

YcTanocTHbIN pacyeT

[MOBTOPHO-NEPEMEHHbIE (FAPMOHUYECKUE) HArpy3Ku

BcTpouts TpewmHy B MOgens

MapaMeTpil TPEWMHE! MogenupoBanue
Homep yana | O BriGpaTs ysen () Kon-8o yposHeii | 40 MokasaTh
(® fvameTp, 1 CipbiT

OpwenTaus JICK Tpewnro! no ocsm TCK
SoHa TeTpasApos oT Havana [ | 49

£t v & KOHUA POHTA TPELMHE!
OXtp |0 ] 0
Kon-80 KOHTYpOB J4mTerpana | 3
Ow¥tp |0 o 0 Homep KoHTypa J-4HTerpana 2
Xmp
PasHEpEl TPEWHGI, MM CTeneHs rylueHns CaTkRI ¥ 40
L 5 pOHTa TPElLMHE!
L
zm BCTpouTL TREWMHY
z - delta |0

delta
Y Yip 2 |0 oK OTmera
X

IEN

BLIMMCTHTE NapamMeTpel

[[]34mrerpan
[Je1, co, cm
[, Kz, kam

BemcnmTe

BLIMMCTMTE NAPaMeTpkl YCTANOCTHOMO PacyeTa

I [[]4neno wienoe no paspywerma no Mapucy (Np) I

[IKosd. sanaca ana ciy-iaiiHeix HarpyxeH

MapameTpsl YCTanocTHOTo pacuéta “

TpocTefunii pacueT | Marepuans: | AcwmeTpus Harpyss | MapakeTpel paspywerns

CTaTHURCMI PACHET COOTEETCTEYET

1
’,70\\ Ku:;mj:::a(iz roaan(y) [£ —
//""—" \ 3 ‘»;:;E_:T::::lluwca) 0
| 2\ 26, J| Cremon. rova )
G. ‘u——\ / e
N
‘ 3 | G113
4 2 3

KHOMKa 1 - NPOBEAEHWE YCTANOCTHOMD PACYETE ANA HAMPYIKM € NOCTOAHHBIM SHAUEHMEM MAKCUMYME W MUHWMYME MO DESYNETATaM
CraTueckoro paciETa.
KHOIKa 2 - NpoSEnErME YCTANOCTHOrD PACHETa AN CAYUSHOi HAMPYSKH N0 DESYNSTATAN CTATHHEDNOTO PACETE,

KHOMKa 3 - NpoBenEHME YCTaNOCTHOMO PacETa ANA CAYaRHO HArPy3KH o pacita G

KosddnumeHT MHTeHCMBHOCTH Hanpaxedwuin (KWH), MNa*mm™(1/2)

Homep yzna KI KII KIII
6e1e 555.223 -8.459925 8.829687
6011 539.997 -8.429137 8.973412
6812 522.189 -1.28784 1.47825
5993 5082.84 -2.44388 @.246429
5998 480.95 -2.12521 -1.19417
5987 456.291 -8.840602 -1.89473
MakcumaneHoe 2HaqeHue, KImax: 1638.34 E Y2Ne HoMmep: 5882
MakcumaneHoe 2Haqedue, KIImax: 3.2259 E Y2Ne HoMmep: 5934
MakcumaneHoe =Hadenue, KIIImax: 1.61223 E Y2Ne HoMmep: 5972
Bueon:

KpuTuyeckoe 3HaveHue KOIPPUUMEHTE MHTEHCUMBHOCTHM Hanpaxedwuid, KIc: 4508 MNa*mm™(1/2)
KIc »= KImax - 3KCNAyaTauMA KOHCTPYKUMA C TpewMHOW MpW 2afaHHbBIX YCNOBMAX 2arpyxeHWA CHMTaeTcA
BezonacHoi

Yucno umknoe oo paspyuweHuA no [apucy

Homep ysna Yucno umknos, N

6010 6920584

6011 7497556

6012 8241214

5993 9154438

5990 10342104

5987 11922521
MakcumaneHoe 4WMCNO UMKNOE A0 paspyweHWA, Mmax: 1.19225e+087 B y3ne Homep: 5987
MuHMManeEHoe 4YMCNo UMknoe Ao pazpywedHdA, Nmin: 75423 B Y3Me Homep: 5882

MUHMMaNEHOE YMCNO UMKNOB A0 paspyweHdA, Nmin: r 75423



BcTtpoutb TpewmHy B Mmoaens (4-y3noBble TeTpas3apbl)

CToxacTunyeckue Harpysku

TapaMETpS! TPELMHE!

Homep yana |0

OmXTp |0

owy¥p |0

BrifpaTe y3en

¥

0

0

Xmp

BCTPOMTE TPELWWHY B MOAENb

OpyerTaws NCK TpewmHs! no ocan NCK

Z
0

0

PasMeps! TPeWHHLI, MH

Monenvposatue
(_)Kon-50 ypoBHedi | 40 MokasaTh
(®) fuameTp, v CrpbITh

3oHa TETPasAPOE oT Hauana [ 40
KOHLUA hPOHTa TPEUWHE!

Kon-so korypes Jwrmerpana | 3

HoMep koHTYpa JuHTerpana 2

CTeneHs CrylWeHns CeTKM ¥ 40
$POHTa TPewHHE!

BbISMCIMTS NEPaMETPo!

[[]3-arrerpan
[le1, a1, eI
[k, kar, k1

BeamonuTe

BbIMMCNHTL NAPEMETPEI YCTANOCTHOrO PacieTa

[]4ucno wknos ao paspyweris no Mapucy (Np)

VEEBELAu AT B 6-00s% v-1343

Harpyaxa npweaemias - Boe sarmyseni

i L] |/ e 3anaca ana cayaiiven rarpywernai |
a5 BCTpOMTS TpewiHy
+ 0 - <
/[_. ¥ Yip 2 |0 oK OTHera
b 4 23
Tpagur - olEl|

a5

Harpyia

YcTanocTHbIN pacyeT

Ko3d. zanaca no yCTanocTHOW MPOYHOCTH ANA CAYYH3AHBIX Har pyXeHUA

Homep y3na Koz¢. =zanaca

3953 238.34
3957 179.524
3958 14@.321
3959 112.575
396l 92.3145
3954 76.8636
3955 64.5806
3890 54.3843
3891 45.8823
3892 38.411
3893 31.8947
3881 25.8788
3894 28.8395
3895 13.8466
3896 6.35763
3887 @8.491611
B84 @8.498873
3885 @.498153
3897 8.489481
3886 @8.488927
3898 @.488521
3899 8.488335
39e0 @.488376
3882 @.488589
3883 8.488972
3888 @.489509
3889 @.498146
3930 8.490855
3939 @.4916082
3920 6.51584
39@3 14.2886
3924 28.4816
3946 26.3816
3923 32.3881
3927 38.8837
3947 46.2541
3948 54.8428
39e7 85.1323
3908 77.6876
39@9 93.4539
3928 113.971
3951 141.473
3926 179.529
3949 237.285

MakcuMansHoe 3HaYeHue KOB"). 2anaca:
MUHMManeHOe 3Ha4eHue K03¢. Zanaca:

238.34
8.488335

B y3Ne HoMep:
B y3NMe HoMmep:

3953
3899




== ATIM

Teopun NPOYHOCTUN N3 CONPOTUBIEHUS

MaTepunarnos.

* TEOPUSA MaKCUMarnbHbIX KacaTerbHbIX HanpsiKeHUN
(B9 KBa3UXPYNKUX MaTtepuanos);

* TEeOpUs hopMonamMeHeHNa (Ana KBasnxpynkux
MaTtepuarnoB);

 Teopusa Mopa (gna Xpynkux matepuanos);

Kputepumn ns JIYMP:

* CyMMapHoOe 3Ha4YeHne NHTEHCUBHOCTU BblAeNeHus
aHeprun (G, = Gl + Gl + GllI);

* KOMBMHMPOBaHHBIN KpuTepun (MpudduTc + aHeprus

dOPMOU3MEHEHMNS) ;

dyHKumoHan «Birth and Death» K3

MapameTpel pacyeta
ApMUpOEaHKE HopMaTuee!
CTaTMHecKMA pacHeT

HenuHeiHBI pacHeT VCTOHYMBOCTE

Twn pac4eTa rEOHETpM‘-IECKBﬂ HEMMHEIHOCTE

TOUHOCTE HENWHERHOMD pac4eTa

BeIHY#aeHHEE KoneBaHua
TononorM4eckan onTHMUZELMA

CoBcTBeHHEIE KonebaHua

L

MaKoMManeHoe KoMM4YecTeo MTEDEUMI?I HEMMHEHOD pac4eTa 30

Konu4ecTeo waros no Harpyske

BLIMMCNATE HEBAZKY M0 YOUTMEM

[ BetmensTs HeAZKY Mo NepeMELLEHHAM

[] Cneaswas Harpyska

[] nofiasnars reoMeTprUecKyio MaTPHLLY
CHMTETb pasrpysky

Sparse_LDL

1

OTMEHA MPHMEHMTE

Pacuer

[ Mimeiitsii craTieci pacdeT
PacyeT yCToRYMBOCTI

[ CoficreeHHbIe yacToTel

LNA 3arPYyREHNA | Sarpysedne 0 W

MeToa |LDL v

TPELLMHEIKMEHE [CMEPTE 3NEMEHTOE v
CrepAuwan Harpyska  Laroe no Harpyske | 1

CUMTETE Pasrpysky [LoBaENATE FEOMETPUUECKYIO MATPHLLY

[[] Tononoruyeckan onTuMisaLusa

[] BoiHysaeHHbie kKonefiaHua

[ PacueT cTawmoHapHoii TENNONPOBOAHOCTH
PaCYET HECTALMOHAPHOI TEMNONPOB0AHOCTH

[] PacyeT nocToaAHHbIX ToKoE

[[] 3nexTpocTatiueckuii pacteT

[[] MarmmrocTatieckuii pacieT

[ ] HecTawoHapHLIR 3NeKTPOMArHTHEIR pacdeT

[[] BricokoUaCT o THLIA MOAANLHLIA SHANME

CTMeHa




MopgenupoBaHue paspywieHus getanu tuna « KpoHwTenH»c
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nomouwbio hyHKUUM «Birth and Death»

SYI[HMR2]
805

7547
704 4
6541
603
553
503
452
402
352
302
251.7
201.4
151.1
100.8
50.45
0.1416

W ® o g

SVMIHAA2]
2442
2289
2137
1984
1832
16739
1526
1374
1221
10639
915.9
TE3 3
610.8
458 .2
3056

153
0.3794

|
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MoaenupoBaHue paspyLieHus

PacyeTtHasa mogenb
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MogaenupoBaHue pa3spyLueHust 6eToHHON 6anku 6e3

apMaTypbl ¢ noMmouwbio PyHKUUN «Birth and Death»

S1[HAm 2]
4.204

PacyeTHas mogenb
Cxema paspyLueHusi 6anok i

1562
1.232
09013
0671

0.2407
@ . —— [
07502
I l 3 -1.08
/ ;
: %
/_ i USUM(uma]
4206
2 3943
l / 368, 1
3419
% 3157
é P P /l é 2695
c [u 2533
6} | | 1 [ 237 .1
2109
184.7
| ' 1585
1322
1 Y 106
V 7983
/ 5361
27 4
1.195
A W | | | [N \‘I
7 | | NN

. o s

Puc. 1. Cxembl paspymenns 6anok: a — GeronHas Gaiika; 6 — xenesobe-
roHHas 6anka; 1 — HeliTpasbHas och; 2 — TpeNIWHA; 3 — CXKATAA 30HA;
4 — pacTaHyTas 30Ha; 5 — CTAllbHblE CTEPXKHH (apMaTypa)



XFEM (V17)
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K Habopy 6a3ncHbIX
doyHkunn MK3

r / nobasnsioTes:

- CUHeY/IsIPHbIE
- pa3pbIBHbIE

[1ns nepemelleHni:

fi(0)

o (r,0) =~ 4 .

\ 27r
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Kputepuun paspyLueHus

Ky = lina V21T oy (1, 0)
r—
Kn =lim+27roy(r,0) —

r—0

KIII = 1111(1) vV 27T Oy (’I", 0)
r—

¢ }
99

byoet nun pactu ?
K (K, Ky, Ky) > K,

HanpaBneHune pocTa

12



3asucumoctb KUH oT AnunHbI TpewmnHbl

K>K

=>  paspyLueHue

13



= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

v 08T v

PocT TpewuH

M cxaTtne
B pacTskeHne (MeHblue npeaenbHoro)

14



= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

* 12T *

PocT TpewuH

A

B cxaTne
B pacTsxeHue MeHbLLe NpeaenbHOro
[] pacTskeHWe Gonblue npeaenbHoro

15



= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

v 12T v

PocT TpewuH

EE S,

A A

B cxartne

B pacTshkeHne meHbLue nNpeaenbHOro

[ ] pacTsikeHue bonblle npeaeribHoro
| TpeLlliuHa

16



= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

* 12T ‘

PocT TpewuH

A A A A

B cxartne

B pacTshkeHne meHbLue nNpeaenbHOro

[ ] pacTsikeHue bonblle npeaeribHoro
| TpeLlliuHa
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= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

v 12T v

PocT TpewuH

B cxartne

B pacTshkeHne meHbLue nNpeaenbHOro

[ ] pacTsikeHue bonblle npeaeribHoro
| TpeLlliuHa

18



= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

16T

PocT TpewuH

7 N N — r A

B cxartne

B pacTshkeHne meHbLue nNpeaenbHOro

[ ] pacTsikeHue bonblle npeaeribHoro
| TpeLlliuHa

19



= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

l 1.6 T l

PocT TpewuH

B cxartne

B pacTshkeHne meHbLue nNpeaenbHOro

[ ] pacTsikeHue bonblle npeaeribHoro
| TpeLlliuHa

20



= AIIM

MaTtepwnan: 6eToH

OnvHa: 1.5 m
BbicoTa: 0.25 m
TonwwuHa: 0.12 m

PocT TpewuH

M cxaTtne
B pacTskeHne MeHbLUe npeaenbHoro
[ ] pacTsikeHue bonblle npeaeribHoro
| TpeLlliuHa
HaYyHEeTCs POCT NpPW AaHHOW NOCTOAHHOM Harpyske

21
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HTLU «AlNMM»

Cnacubo 3a sBHumaHumel!

KoMmnauua HTLU «AlNMM»
(Hay4YHO-TEXHUYECKUUN LEeHTpP)

MockoBckas obnactb, r. Kopones
OkTa6pbckun 6ynbBap, A. 14, odbuc 6

Ten.: (498) 600-25-10, (495) 514-84-19
Internet: www. apm.ru, www.cae.apm.ru

E-mail: com@apm.ru
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