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3a4yeM HYyXXeH HeJIMHeUHbIN aHanun3???

HeobxoanmMocTb B HENMMHEWHOM aHann3e BO3HUKAET, eclin B npouecce HarpyxXeHna KOHCTPYyKUunn rnponcxogunT
3Ha4YuTernbHOe N3MEHEHUNE ee XKeCcTKoCcTU. Bort TP NPUYUNHDbI 3HAYUTEJIbHOIo NSMEHEHNA KECTKOCTMN.

— Jedopmaumn npesbiwatoT npeaen - dusnyeckasa HeMMMHENHOCTb (NAacTUYHOCTb, TMNEepPynpyrocTb M T.M.)
— [lepemeweHns Benukn (HanpUMep Harpy>XeHHbIM CIUHHUHI) — reoMeTpuYyeckasa HefiIMHeMHOCTb
— BoO3HUKHOBEHME KOHTaAKTa MeXay TeflaMmn UNu anemMeHTaMmm KOHCTPYKLMK

HanpsixkeHus

A\ 4

Hedopmaumm




UYto Takoe HenMHeuHasa 3apayva?

3akoH 'yka: F = Ku rae F - cuna, , K — nOCTOsIHHasA XXeCTKOCTb.
3Hasa CUIy 1 XXeCTKOCTb, Hangem nepemelleHuns U = F/K.
F
I_/\/\/\____- L K
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BcriomMHum nabopamopHyro pabomy u3 Kypca conpomuesieHuUss Mamepuarioes:
K(u) — nepeMeHHasi XeCTKOCTb => 3aga4a HenuHenHas. Kak Hantu u, 3Haa F u K(u)?




Kak 60poTbCcA ¢ HeNMMHEeUHbIMU 3apa4amMmn?

>

* UTtepauunoHHbIn MmeToq HbloTOHA Ha OCHOBE CneayroLwero IMHENHOMo ypaBHEHUS:
[KTHAu} = {F} - {F"} ! [KT4]
[KT] = kacaTenbHas maTpu1La XXeCTKOCTU F
{Au} = npupauleHnsa BeKkTopa nepemeLleHuns
Fnr. |
{F} = BEKTOP NPUNOXEHHbIX CUI 1

{F""} = BEKTOpP BHYTPEHHUX CUI

« Kaxpgasa utepauuns HyxxHa ang onpegeneHus {Au} . Au' u
A 1 A A
— WTepauma no «CTOMMOCTU» BblYUCIIEHUN KaK MMHUMYM COOTBETCTBYET 3aja4ye NMHENHON

CTaTuKu.

« Obuee pelleHne HakanIMBaeTCsa Ha Kaxaom i-on ntepauymu.
{Uis} = {u} + {Au}



Wi ¥
fAAMbl Ha NyTH
« OpgHako meToa HbloTOHa He rapaHTUPYET, YTO B UTEPALMOHHLIW NpoLecc congeTcs!

« WTepauunoHHas npoueaypa metoga HetoToHa ByaeT cxoauTcsa TONbKO B cny4vae, ecnu
HayanbHoe npubnmxkeHue {u,} byaet HaxoanTbcA B paduyce cxoouMmocmu.

A a

Pasownocob!
Couwnocb!!!

v
v

u, u u, u
HavyanbHoOe npubnunxeHue HavyanbHoe npubnunxeHune
He HaxoauTcs B paduyce HaxoauTcAa B paduyce

cxooumMocmu cxooumocmu



ATM

fAAMbl Ha NyTH

BOIPOC: Kak nonacTb B paduyc cxooumocmu®?

OTBET: Pa3butb HarpysKky Ha n 4acten (Heobsa3aTenbHO paBHbLIX) U NpUKIagbiBaTb
Harpysky nopumamu — (nog)wazamu

Cownocb!!!




AVNIY Pes e, oM
fAAMbl Ha NyTH

« K coxaneHuto Bna 3aBUCUMOCTU Mexay rnepemelleHnamMmmn n CniiaMm npakTn4ecku
HUKOrga He N3BeCTEH NOo3TOMY HeJ1b34 onpenesimtb paamyc CXoamMmocCTH...

BOINPOC: YTO OENATB?

OTBET: UCCJIEAOBATb NMPOLUECC CXOONMOCTU PEWWEHVA N PASBUBATD
HAIPY3KY OlbITHBIM MYTEM.

BOINPOC: ..M HYTO HAYEIO HEJNb3A COEJNATB?

OTBET: KOHEHHO MOXHO. Mbl PASBVBAEM /1 BCTPAUBAEM METObI
ABTOMATUYECKOI'O NMOABOPA WATA 1O HAIPY3KE.

OOHAKO, Bbl OITXHbI MOHUMATb CYTb NPOBJIEMbI HAJTUYUA
PACXOOALLEINOoCA PELUEHUA U BbiTb TOTOBbLIM K TOMY, YTO PELLEHUE
HEJTMHEMHOW 3A0AYN HE BCEIOA MOXET BbIiTb HAUOEHO!!




N AMM ey, =

y y | [eoMmeTpnyeckast HENMMHENHOCTb
HerneHusi cesi3aHHbIe C 2eo0MempuYecKoU HelTUHeUHOCMbIO:

Bonbline nameHeHnsa reomeTpmyeckmux pasamepos (nnowagen, TonwmH, oobemoB) — 6osibwue deghopmayuu

= [ 1

3Ha4unmMoe n3MeHeHMe opmeHTaummn (NOBOPOT) ANIEMEHTOB KOHCTPYKUUK — 60s1bWOL Mo8opom XeCTKOro Lenoro
(oethopmauum octatoTcs MasnbiMu)

Lo = =y

3. ,D,ecbopmau,mm B O4HOM HarpasJiieHUN 1N Bbl3blBaeMbl€ UM HaNpPA>XEHUA NMpuBoaAT K 3Ha4YUTEINIbHOMY yBEINTUMHYEHUIO
XKECTKOCTW B APYromMm HanpaBJieHUN — ceoMempu4ecKas XeCInKocmbhb

=
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[ il

N = -
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leomeTpuyeckas HEJIMHENHOCTb
* bonbwue deghopmMmayuu y4nTbIBAOT OCODEHHOCTU BCEX
TpeX ABMEeHUN

* Bbosibwou rnoeopom y4nTblBaeT 0OCODEHHOCTU OBYX
nocnegHux ABneHunmn

° I'eomempuquKaﬂ KeCImKocmb YyHNTbIBaeT OCODEHHOCTU
nocriegHero dBrieHns

Bonbwue deghopmayuu

Bbonbwoii nogopom

I'eomempuquKaﬂ
KecmKocmb
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CmpyKmypHbIii aHanu3 leomeTpuyeckas HEJIMHENHOCTb

OEBEKTHI v X
=@} Pacuernas mopens HenuHeuHb1l pacyem.
# MaTeprane o
#-{£5 Harpysku I'eomempuquKaﬂ HeJ1lUHeUHOoCMmb

,i:., CHCTEME! KOOPAMHET
5 Tama 20|

: ; _. OBWKe HACTPoiKK
[T Muneineii cratdecai pacseT i TE0METPMHECKER HENMHERHOCT
[T Pacuer yeTofuHEncTH W
CTPYKTYPHEIA aHaNME Bbosnbwou nosopom
{5 PesynbTaThl [ CofcTBEHHBIE YaCTOTHI o p
V¥ HenuHelneli pacieT ~
= TeQMETPMHECKES HEMMHEHHOCTE
CEOWCTED 3HAYEHKNE
E MapameTpw pacyeta ANA 3MPYHEHUA  |3arpykenue O =] OOETEE SlzEiE
E Cnay =
Yucno waroe 50 I™ Hamawenme kadata COOTEETCTEYET I j < AaropuTm peweHua CNNAY  Sparse_LDL
EonbwwWe NepeMeweHHA da O&bEM onepaTMEHON Na.. 1024
3arpy')KEHI.-1E ﬁarpy')KEHME li] AL A SO I Jarpyserie 0 j ¥paHeHwe paznoxeHua ...  AutoDecide
KonNMYecTED MTEpELI,I.-'Iﬁ I4n TOUHOCTE peWeHs 1e-10
: r BriHy#aeHHbIE KanebaHua (% MakcuManeHoe Kon-6o W, 100000
Tun pewartena Direct Intel LDL BencnsTs sHeprue aehop.. |
IHAYEHHE CHOAUMOCTH Mo Neper... [ 0.001 ™ rapmonuueckie koneBaHns v [0BAENATE FEOMETPUYECKY... |«
3HAYEeHWE COJMMOCTH MO CUAaM I 0.001 B mmrrEs T TrE T AT E s e e < Waros no Harpyske |
E CoxpaHeHwe pesynbTaToB l MakcumaneHoe Kon-go 30
Y I n = ™ Pacuer CTALMOHAPHOW TEMNNONPOB0LHOCTH (v ToYHOCTE PEWeHnA 0.0001
d{TOTd COXPAHEHWA PEIYAETATOE OCNEAHHK War ) Cneaswan HarpyFa I_ LI
HYrono Wwaros g4na 3annou I:I-':z;-m:TI.. 1 I™ Pacuet HecTauMoHARHOM TENNONROSEAHOETH 7 —
- I eoyMempuYecKas xecmxKocmsb
Bonbwue degpopmayuu sanowarrs | [ Pacser | omera P
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HemHoro o gecopmaumax u HanpsHKeHUAX

* B reomeTtpunyeckn HenmmMHeEMHOM aHannse UCnosb3yrT pasfindHble Mepbl gedoopmMaunm n
HanpsXXeHnn. [Npruyem 3T Mepbl NONapHO OOSMKHbI ObITb COMpsiXKeHbI

« Conpsi>keHHOCMb O3HA4YaEeT, YTo 3Heprusa aedopmauunm ansa nobdon napbl AOIMKHA ObITh
oauHakoBa npu anga paccmatpusaemoro HAC.

A

AHeprusa gecdpopmauunn

HanpsxeHus

Oedopmauun



HemHoro o gechopmaumusix n HanpsXKeHUAX

Jlozapugbmuyeckue deghopmauyuu (Oecpopmauuu 'eHKu)

o dl | |
| 0

0

LetcmeumeribHble HanpsiXXeHUs (Hanps»eHust Kowu) conpsi>keHbl ¢
Jio2apupmuyeckumu dechopmayusimu

F
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NHxxeHepHble Oehopmayuu

W)Y
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dusnvyeckasa HefIMHEUNHOCTb

[11aCTUYHOCTb
[lon3y4yecTb

[ MNepynpyrocTb
BA3KoynpyrocTb
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dusnyeckKkaa HenmMMHEMHOCTb. NnacTU4YHoOCTL

* [1nacTnyHOCTL CBOMCTBO MaTtepuana gedopmMmmpoBaTbCAa NOCTOAHHO NOCre
NPUITOXEHNS NOCTOAHHOW Harpy3Ku

| Npepen ynpyroctu YnpouHeHue
C (TekyuecTn) /
\ PaspyweHue
T UpeanbHaa nnacTMYHOCTb
YnpyrocTtb




dusnyeckKkaa HenmMMHEMHOCTb. NnacTU4YHoOCTL

*  UHKpemeHmaribHas meopus rniacmu4yHocmu (meopusi me4yeHusl) ycTaHaBnmBaeT
COOTHOLLEHMA Mexay npupalleHnammn gepopmaunm n HanpsbkeHum (Ac and Ae B
obwem cnydae UCnonb3yrTCs Mephbl Sio2apugbmuydeckux oeghopmauyutl u HarnpsxxeHud
Kowu) B nnacTn4eckoM COCTOSIHUM MaTtepuana.

* B ocHOBe Teopuu TedeHus nexart Tpu NOHATUS:
— lNosepxHOCMb mekyyecmu

— 3aKOH me4YyeHus

— 3aKOH YyrnpoOYHEeHUs



I\ AMM 0

dusnyeckKkaa HerIMHEMHOCTb. NNacTU4YHOCTL.
[loBepXHOCTb TEKYYEeCTHU

Haunbonee pacnpocTpaHeHHbIW KpUTEPUIA AN onpeaerieHns
NOBEPXHOCTU TeKy4eCcTn — kpumeput Mu3eca

O'e=\/%[(o_l_o_2)2+ (0'2_0'3)2"' (0'3_0'1)2]

)] G
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dusnyeckas HenuHenHocTb. NnacTnyHocTb. 3aKOH TeYyeHUs
« 3aKOoH TeyeHust onpegenseT HanpaBneHne nNnacTUYecknx gedopmanim
KOraa HahnpaxeHnda 0oCTuriin ypoBHA NOBEPXHOCTU TEKYHECTH

« OO6bI4HO ypaBHEHUS TEYEHUS, MONY4alOTCA HA OCHOBE KpUTEPUS
ONpeaensitoLLLEro NOBEPXHOCTb TEKYYECTU, N YKa3bIBaOT HA TO, YTO

nnacTtuyeckne gedopmanmn pasBmBaloTCA B HanpaBneHmn HopmMarnm K
MOBEPXHOCTU TEKYYECTH.

— Takon 3aKoH Te4deHUs Ha3blBaeTCA accoyuamueHbIM. B NnpOTUBHOM
crydyae HeaccoyuamueHbIM.



®dunsnyeckasa HennHeMHocTb. NMNacTUYHOCTbL. 3aKOH YNPOYHEHUSA

« 3aKOH yNpPO4YHEHUST ONUCBIBAET Kak NM3MEHSAETCHA Ha4yarbHOE MONOXeHNe
NMOBEPXHOCTU TEKYYECTU B NMpOLecce NracTU4eckoro JedopmmpoBaHus

N3oTponHoe ynpoyHeHnEe KnHemaTtunyeckoe ynpodHeHue
O 4
y (9) 1‘
B O [ = 1 ,
 Tekywan 0-y N e yLIJ. T : C =  —
' NOBEPXHOCTb | I ! s
N l Tequpecm i | NOBEPXHOCTL | Gy
G, / _________________ | o,t / | TeKy4ecTy |
- N -1 \\ / @ @
g 1 HavantHan g Y kY HavyanbHas 2
, 7 /747/ NOBEPXHOCTb € ,° //7/ NOBEPXHOCTb > Gy
, 7 61 TeKy4ecTu N @ > | TekyyecTu g
\__-7 O,
// v // v
— 1
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3aKOHbI yrpPOYHEeHUsI

NpearnbHbIn yripyronnactuyHbIN

[N Wpeanbhbii ynpyronnacrmunbii

Moayns KOHra, MNa
| 200000000000 % N, S S S B
K n : : : :
osthduLmenT Myaccona 90s08 oo A SRR AR A
|03 : : : :
Mpenen TexyuecTi, Ma 184081 - R i A
| 235000000 1 o021 __________ __________ _______
oo, | 14e+08 ] - s B
126+08 : I RORRtEE bosonsnnees boeeenes
(T, S ——————————————
Be+07 - E R beseooneee benneend
Besl7 §-----foee- e
4e+07 - : oo bewemonnne benneend
2esl7 {-f-oe o
0 ; : ; !
Otrena 0 0.0005 0.001 0.0015 0.002

dusnyeckKkaa HerIMHENHOCTb

N3oTponHoe BunuHenHoe ynpodHeHune

[E Hzorponnoe Gunnneiinoe ynpounenne

Moayns KOHra, MNa
| 200000000000 3 42408 -
KosddmumeHT MyaccoHa 2 92408 |
| 0.3
Z2e+08 1
Ipenen Terky4ecTH, MNa
| 235000000 1.8e+08 1
Moayne ynpourenma, Ma 1.6e+08 4
20000000000
I 1.4=2+08 4
1.2e+08 4

le=08 1

Je+07

Ge+07

Le+07

2e+07

OTHEHa 0 0.0005 0.001 0.0015

0.002
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3aKOHbI yrpPOYHEeHUsI

dusnyeckKkaa HerIMHENHOCTb

N3oTponHoe MynbTUITMHENHOE YNPOYHEHME N3oTponHoe HeENMHeNnHoe yNpoYyHeHne

Moayne tHra, Ma |ﬂ ﬂ.” ha | ﬂ s{e)=s0 + R0%e +Rinf51 + exp[-B¥e])
| 200000000000 [1] 0.001175 2.352408 Moayne lOHra, Ma
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2Be+DB - oro e R SuREEEE R R RS SRRl EEEE R e R RS SRRRERLEEEEEALEEEE 8 Iﬁmmm 2e+08 1
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CmpykmypHbIU aHanu3s

=-@} PacueTnan mogens
gl MaTepuans:

--B Harpy sk

[-3k Cucremsl koopawHat

{5 TaBmue

B Oy Hegopmayuu NeHku
El Anans u HanpsixkeHusi Kowu

i FGA

----- ﬁ CTPYKTYPHBIA aHan1s
-{rZ Pe3yneTaTHI

CBEONCTED 3HAYEHWE

= Mapamerpw pacyera

Yuono waros 50
da
Jarpy*eHue i
Konu4ecTeo UTepawmil IHET,|
Tun pewareana DifectInteI LDL

3HAYEHWE CHOZUMOCTH MO NEp... U.¢Ul

3HAYEHWE HOZUMOCTH MO CUAaM Cl.pﬂl

E CoxpaHeHwe pesynbwTaTtos [
YacToTa CcoXpaHeHm s pesynsTa.., I'I::ur_ne,qﬁhﬁ war
Yuono Wwaros 4N8 3anKod pesy... 1[

]

UHxeHepHbIe de¢hopmauyuu u
HanpspKeHuUst

dusnyeckKkaa HerIMHENHOCTb

HenuHeliHbIU pacyem. u3su4vyeckas
HesnnuHelUHoOCcMb (Meopusi me4YyeHusl)

UHxeHepHbIe de¢hopmayuu
U Hanpsp»KeHust

[T NMuHeliHel cTaTHueckuii pacueT

A
™| PacueT yeTofHHECETH w
[T CoBcreerHble yacToThl w
¥ HemuneiiHeit pacdet ~
@13, HenWH. (T.Ted4eHusA)
ONA 3arpy#eEHHA | Sarpy#eHnre 0 j
™ HaTAserme KaHaTE CODTEETCTEYET | j j
Facyem 408 SarpyHEHHA | SarpyseHure 0 j




YWAMM

CmpyKmypHbIU aHanu3s

L——_Iﬁ! PacueTHaa mogenk
-l Matepuans

--1,_,.-“" Harpyskm

,ig CWCTEMEl KOOPAMHET

----- | Tabmius

S OyHL Hecpopmayuu eHku
u HanpsokeHusi Kowu

- ’iﬁ FGA

----- a CTPYKTYPHEIN aHanms
- PesyneTartol

CEONCTEA

CEOWCTED | JHAYEHWE

= NapameTpw pacuyerta ’

Yycono waroe

JarpyseHue il
KonuuecTED UTepaumi |HET,I
Difect Intel LDL
JHAYEHWE HOAWMMOCTH N0 Nep... U.¢Ul
3HAYeHWE S{OJMMOCTH MO CKAGM U.pﬂl

Tun pewaTena

= CoxpaveHwe pesynbTaTos [

YacroTa COXpAHEHMA PE3YALTA.., I"cucne,a,Hmﬁ war
YWCno Waros 408 3an o pesy.., 1[
|

UHxeHepHble Oechopmayuu u
HanpsiHxeHusl

«O0LwWwaa» HerIMHeUHOCTb

HenuHeliHbiU pacyem. Pu3su4vyeckasi HeJIUHeUHOCMb
(meopusi meyeHusi)

[~ Munedinent craTw-ecamii pacseTt

W
™| PacueT yeTofHHEDETH v
[~ CoficTEeHHbIE YacTOThI ~
¥ HenuHeiiHeii pacueT A
[0BW, HenwH, (T, TedeHMa)
ANA SarpyYMweHUa  |3arpyxenues 0 j
[T HamameHve KaHaTa ConTEETCTEYET | j
FacyeT And sarpyeHm I JarpyseHue 0 j
[” BorysaesHse koneBanua “
[~ rapmonuuecae konefamua R
[ ¥cTanocTHeNl pacHeT ANA CyYSAHEIX HAMDYKEHMI ("
[™ PacueT cTaLMOHEPHOI TENNONPOBOAHOCTH ("
™| Pacuer HecTauMEHARHGR TENNONPOEOAHOCETH %

Pacuer

2| x|

Pt =
H AT PO

U HanpsixkeHus +
bonbwoii nogopom +

‘UrRkereprBie dechopmayuu

du3uyeckasi HeJluUHeUHOCMb

CEDMCTED | 3HAYEHHE

B cnay
Aaroput pewedna CNAY  Sparse_LDL
OABEM ONepaTMBEHON Na... 1024
XpaHeHWe paznoxeHus ... AutoDecide
TOYHOCTE peleHMa 1le-10
MaktumaneHoe Kon-go W... 100000

BrIYMCNATE 3Heprn gedop.. I_

AoGaENATE FeOMETRHYSCEY

Cnegawan Harpyska

Hesazka nNo youauam
LLlaroe no Harpyzke 10
CunTaTe pasrpysey I_

| »

/

3anoMHWTE I Pacuét I OTmMeHa

I'eo:wempuquKaﬂ KecmKocmb
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KoHTakTHOe B3anMmoaeuncreue

MeTon yncneHHoun peannsayum

Buabl KOHTAKTHOro B3anMogencTBums

T T o < MeTton wtpada

« Cknenka : )
3 MeToag MHOXUTENEN

H e Da3£| enge M bl M é TEXHOMNOrMsi KOHTaKTHOTO B3aUMOAENCTBUS NarpaHxa

""""" MoBEPXHOCTL - NOBEPXHOCTL [1OMONHEHHbI METOR

§>KeCTKM 1 s Y3en - ysen MHOXUTenen Narpaxxa

: z [MoBEepPXHOCTb - y3en

C TPeHNem e *MHOXeCTBEHHbIE

i ‘ - OrpaHnyeHms

: a1 I

CKOJ‘IbBFILIJI/II/I *MeTon Huuwe
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KoHTakTHOe B3anmogeucTBue. Buabl KOHTaKTa

Ckneunka Hepasoensiembin

Becbma orpaHunyeH
B MPUMEHEHNN.
MpurogeH Tonbko Ans
MarsbiX NepemMeLLeHni.

Z Z

XXecTkumn CKonNb3aLmnmn C TpeHnem

KyrnoHoBckoe TpeHue. |
I BoamosxeH 3anpert
I nepemeLleHns
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MATM

KoHTakTHOe B3anmopeuncrtBaue. lMpodrnema XXeCTKOCTU BbIOOpaA XKEeCTKOCTU
* OnaTtb npobnema:
— MwuHMmanbHOE B3aMHOE MPOHNKHOBEHNE NOBEPXHOCTEN AAET HaUMyyLllee TOYHOCTb PELLEHNS.
« CnepoBaTenbHO KOHTaKTHas XXEeCTKOCTb A0MKHa ObITb O4eHb BOMbLUON.
— OpgHako o4yeHb bonbLIas XECTKOCTb 3aTPYAHAET CXOANUMOCTb PELLEHNS.
* B npouecce pelueHnsa moryt HabnogaTbCa NOCTOSIHHbIE OCUMNNALNN HEeBSsI3KU.
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KOHTakTHaga 30Ha

HudopHauna 0 KOHTAKTHBIX 3NEMEHTaX

Konuyectso 3o0H 1

CNWCoK KOHTAKTHEIX 30H:

[Komacnansoi 0 [N [N
. s
Cnol

KoHTaKTHBIZ 3NEeMEHTLI

/

¥aanuTe 30HY

B3anmoaeucteue. CBoucTBa KOHTaAKTHbIX 30H

X

KoHTakTHaR 3oHa

140

MHBEDTUROBETE CHMCTEMY KOODAWMHAT

Llenegan 3o0Ha
Konu4ecTeo aneMeHToB

140

Cnoi KoHTaKTHBIE 3NeMEeHTLI

;I MHBEDTMROBETE CHMCTEMY KOODAMHAT |

| MoMEHATE MECTaMK

THN KOHTaKTa — |

 MeCTKOCTH

F Kecrrui ¥ AeToonpenensHue CrapT
" Crons3Awmi

HepransHas I 10000.00 Hitr
™ Crnelika

TaHreH UHENEHAS I 1000.00 Hffira
Paauyc I 1.0000 MM

MaKCUMansHo BOZMOKHOE

MPOHMKHOBEHHE

KoaduUMeEHT TpeHMA

3aparte ANA BCeX 30H

| 0.000000 MM
| 0.15

| MprMeHUTE |

[ o |




N\ AMM

CmpyKmypHbIU aHanu3s

DEBEKTHI
=@} PacueTnan mogens

KoHTakTHOe B3anMmoaencrteme

# MaTepuans .
{5 Harpysr Xecmkul u
CKosib3siwuu
KOHMaKm
CTPYKTYPHEIA aHanNM3
-{£5 PesyneTaThl

CEOWCTED IHaAYEHNE

[ MapameTpbl pacyeTta
Yuono waros 50
BonelWwKe NepeMeLLeHKA Oa
JarpyseHue JarpyseHue 0
KonuuecTeo MTepaumun 40
Tun pewarens Direct Intel LDL

IHAYEHWE HOGUMOCTH No Nep... | 0,001

IHAYEHWE CHKOQMMOCTH No cknam | 0,001

E CoxpaHeHwe pesynbTaTos

YacroTa COXpAHEHMA PE3YNLTA... | [TOCIegHWIA war

YWcno Waros 4nA 3anuol pesy. |1

HenuHelUHbIU pacyem

Bce docmynHbie eudbl
KOHmMakma

[T MuHeliHent craTn-ecui pacseT

™ | Racuer veTofuHEoCTH / /
[T CoficTEeHHEIE YacToTEI / /
[V Henunelineii pacuet / /

I leoMeETpMYECKaA HENMHENHOCTE

[EOMETPHYECKAR HEMMHEMHOCTE
KOHTEKTHOE B3aMMOOEACTEME

CaHOCTOPOHHKE ONopEl M KaHaTEI
DKz, HENWH. [T.TEYEHKMA)

l

TpELLMHEI-4M3Hb [CMEDTE SNEMEHTOE




. s
BO3MOXHOCTU HENMUHENHbIX PAacYeTOB

Henunernsil pacuer
CTpyKTypHBII
AHATINS ['eomerpuueckas dusnueckas OOmras KonrakTtHOE
HEJIMHEMHOCTD HEJIMHEMHOCTh | HEJIMHEUHOCTh | B3aMMOJEUCTBUE
bonbuine nepemenienus + + - + -
I'eomeTpryeCcKas *KeCTKOCTE (+) + - + -
bosbiioit moBopor (+) + - + -
Bonbmive nedopmariiu + - - - -
[ImacTrnaeckue Mareprabl + - - + .
JIMHEWHBIA KOHTAKT - + + + +
HenuHelHbIM KOHTAKT + + + -+ +
CrepxxHu - + - + +
IImacTuHbI - + + + +
OOBEMHBIE IIEMEHTEI + + + + +




Harpyska

W\ AINMM

A @ LLlar Harpy3ku

HenuHenHbIn aHanus. Yto panbwe?

LLlar Harpy3ku n nogLuar

A @ LLlar Harpy3ku
S
% () Mopwar
2 :% 1 2
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Bpems

Bpewms



HenuHenHbIn aHanus. Yto panbwe?

Co3paHue WwaroB Ansi Harpy3oK

=100
D — | @E........m..l...ff Co3gaHue Harpy3okK Onf CTPYKTYPHOro aHanmsa
l # MaTepuane
-l Harpysin 40
trrr o
-é g:;:z:: KoOpAWKET LWaru |Bpens,c EI ﬂ PacueTHan Mogenk
i3 OyHamm E ! # MaTepuant =
2 2 = =
= ﬂi“a;;i . R -5 Harpysim a
b : -
----- # CrpyxrypHoi ananis 4 4 . ,,ik. CHCTEMBl KOOpPAWHAT E =
--{£5 PesynoTarsl c " [ A A _E Tabnuup! = -
b & E m'!rer_u,‘H o :
7 7 o —
8 3 -l AHanuz 0 —
3 || BN e FGA -
CEOWHCTED 3HaYEHNE 10 10 P ﬂ W =
= MapameTpel pacuyera 11 1 i | b
Ucno Waros 1t > - e @ | E PEE}'J‘II::TETI:I Hﬂfp_'.ﬂl:l'l ':H.ﬂ d
Bonewwe nepemewe... | Ada MepeMelleHKE
Jarpy#eHue Jarpy=seHue 0 i 13 CTAPTIN P A
KoaudecTreo nTepaguia | 40 Lo 1 ,ﬂ,EB.l"IE'HHE'
Tvn pewarens Direct Intel LOL = 15 ¥Yaanute —
3HaYeHWe ogumoc,., | 0.001 II -
3IHaYeHWe ogumoc.,, | 0.001 -
= CoxpaHeHwe pesynbTaToB Tanm
ua | Npadgme
YacToTa coxpaHeHua.., | MocnedHWiA war 4J

Yuono waros gna za.. (1 " I|




I\ AINMM

3agaHue 3HaYeHUN Harpys3ku «[laBneHue» ¢
NOMOLLLIO Tabnuubl. lna KaXXaoro MOMeHTa

BpeéMeHU yKa3biBaeTCA CBO€e 3Ha4YeHue

| fFotmma
= PacueTHan enb
# MaTEpHan:Tn LWarm |Bnpe1~1.-n,c "ﬂaﬂnet-ne,l'kl'la
[#-{£5 Harpyssu 1 1 150
_;#g CHCTEMEl KOODAMHAT 2 2 200
{5 Tabnue: 3 3 120
15D oynum 4 4 110
F-E5 AHanus
_____ & FGA 5 5 150
Ela CTPYKTYPHBIA @aHanus & & 300
@ [lEEneHue 7 7 200
{5 PesynbTaThl g & 20
z 9
10 10
| 11 11
CBOWCTED | 3HaUEHME 12 12
IHAYEHKME |Taﬁm1u,a 13 13
= InemenTm 14 14
TWUN 3NEMEHTOE | OBEEeMHEI2 3NEMEHTEI 15 15
INEMEHTHI YoTaHOBWTE | CyncTiTh |
KonuyecTeo 1
Homep nosepxHocT |1 -

JagaHWe NOBEPXHOCTERN Yma—tomml CynciTe |
T

HenuHenHbIn aHanus. Yto panbwe?

Npachnueckoe otobpaxeHune
3HA4Y€HWUMN Harpys3Ku, 3aaHHbIX
Tabnn4yHo

g ]

2.5e+02 1
Ze+Z2
1.6e+02
1.3e+02 ]
le<l2 1

Haenenune, MMa

M E S o3

3 8
Bpemn, c

10

12

14

|

Tabnuua || Mpaduk




NMpumepsl
Ba3oBbIi 0OBLEKT ANA TECTOB P P




NMpumepsbl
Cuna 50-10° H, nuHenHo-ynpyrun marepuarn P P

USUN[M]
1.369
1.283
1.198 Te+03
1.112 328027
1027 Tex02
2
0.941
10
0.8554 s
0.7699 ]
0.6843 032
0.5988 01
0.5133 0.032
0.4277 0.01
0.3422 0.0032
0.001
0.2588
0.00032
01711 0,001
0.08554 32005
u 1e-05
32006
1e-0&
10 20 20 40 50 &0 70 a0 90 1es02 1.1e+02 17e+02 13e+02 14e+02 15e+02 16e+02 1.7e+02
" rpa{tul;(\ni/




F\ AINMM | BN

Cuna 58750 H, ngeanbHbIn yI'Iper-I'IJ'IaCTI/IJHbIIZ mMaTtepwuarn

NMpumepbl

Bonbwve gegopmauunu

M g 01274 = Ry
22176408 0.07475 0.07381
20852408 0.06573 006062
1.852e+08 0.08431 0.08387
1.82e+08 0.05983 0.05905
1 667 e+08 0.08485 005413
1 5566+08 0.04933 0.04921
14220408 0.0443 0.04429
1.29¢+08 0.03952 003936
11578408 0.03454 0.03444
1.025e+08 0.02357 0.02952
B8.925e+07 0.02459 0045
7 Bet? 0.02001 0.01968
52750407 001503 0.01476
4950407 0.01008 0009841
36250407 0.005077 0.004921
9 30407 9. 965e-05 0

Manble gecopmaumm

SVM[HM2] EPS‘D“Igg4 EPSINT] ]
2.35e+08 01374
2 266e+0 0128 01238
2.1820+08 Q12 0102
2.03%e+08 211 0ane
2.015e+08 21059 0.103
1.931e+08 - 0.09446
1.847e+08 E E?:g; 0.08587
1.764e+08 0.07729
1.63e+08 JDB243 0.0887
1.606e+08 7 o 0.08011
1.612e+08 et 0.05152
1.428e+08 435 004234
1.345e+08 03493 0.03435
1.261e+08 7 Eed 0.02576
1.177e+08 An17es ooz

0009061

0.003587
i]

1.093e+08

0.0004375
1.01e+08



N AMM L

SWM[Hm"2]

- . ; A
ONHOEe OUNUHENHOE YyNPOYHEHNE

5.360e+018
© g Cuna 58750 H, M30|T5p
Onbliine AechopmaLity Mpumepsl
4.731e+18
4 413e+08 EPSINT] |
0.0158
4 .0594e-+03 -
001492
3.776e+08
0.01393
3. 458e+08
3.13%9e+08 IDDQStl
I2.821e+438 0.011%6
2 502e+08 0.01097
0.009583
2. 184e+03

1.865e+08
1.5847e+05
1.228e+08
9.09%e+07
5.915e+H07
2.731e+07

0.003396
ID.DDBD1
0.007024

0.006027
0.005051
0.004064
0.003078
0.002051
0.001105

EPSINT] |

0.01358
0.01273
0.01188
0.01103

0.01018
0.009334
0.003455

0.007637
ID.DDE?EB
0.00524

0.005031

0.004243

0.003354

0.002546

0.001657

0.0008485
0

0.0001183




SWM[Hm2]

4e+l5

3.766e+08
3.533e+13
3.29%:+13
3.0B5e+08

2.832e+08
2.598e+08
2.364e+08
2.131e+08
.1.89?e+08
1 BB4e+05
1.43e408
1.186e+05
9.E26e+07
7.288e+07
49530407
2E1Be+07

EPS

Cwuna 58750 H, nsotpornHoe MyrnsTUIMHENHOE YNPOYHEHNE h |
Bonbwve aegopmauunm an Mepbl

EFSINT] |

0.02653
0.024585
0.02323
0.02158
0.01993

0.01827
0.01662
0.01497

.0.01332
0.01167

0.01002

0.008365
0.006717
0.005066
0.003415
0.001764
0.0001134

INT ]
0.0248

0.02325
0.0217
0.02015
0.0136
0.01705
0.0155
0.01395
0.0124
0.01085
0.009223
0.00775
0.0062
0.004B5
0.0031
0.00155
0




F\ AINMM e

SWM[H/WZ]

5391408
5072405
47526408
4433408
4113408
37946408
34746408

3.1552+05
Iz.aasema
2.516e+08

21966405
1.877e408
1.5572+08
1.238e 408
9 161407
5 98Ge-+07
2791407

. ~— .A .
Cwuna 58750 H, n3otpornHoe HermMMHENHOE YNPOYHEHNE
Bonbwve gedgopmauunm an Mepbl

EPSINT] ]
0.01173

0.o011m
0.01028
0.009555
0.003829
0.005104
0.007378

0.006652
ID.DDSQZ?
0.005201

0.004475
0.003749
0.003024
0.0022598
0.001572
0.0008466
0.0001209

EPSINT] ]
0.009397

0.00881

0.008223
0.007635
0.007048
0.006461
0.005873

0.0052586
ID.DD4699
0.004111

0.003524
0.002937

0.002349

0.001762

0.001175

0.0005573
0



MMpumepbl
AHuMauuna HanpsaxeHnn no Musecy

Bonbwve aedopmauum

MOeanbHbIN Yrpyro-NnacTUyHbIi N30TPONHOE M30TPOMNHOE N30TpOMnHOE
MaTepuan BunrHerHoe ynpo4HeHve MYyNbETUNIMHENHOE YNPOYHEHNE HenMHenHoe ynpoYHeHne
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Mpumepbl

JlnctoBasa wtamnoBska




v\ AINMM

SVM[HM2]

7.171e+09
B.722e+09
6.274e+09
5.826e+09
5.378e+09
4.33e+09

4.482e+09
4.033e+09
3.586e+09
3.137e+09

2.6892+09

2.241e+19

1.783e+09

1.344e+09

5.963e+08

4.482e+08

U [m]

0.0001994

-0.0005002

-0.0012

-0.001899

-0.002599

-0.003298

-0.003998

-0.004698

-0.005397

-0.006097

-0.006796

-0.007498

-0.008198

-0.008595

-0.009595

-0.01029

-0.01099

EPSINT[ ]

JlnctoBasa wtamnoBKa g

0.2252
0.2102
0.1952
0.1802
0.1652
0.1501
0.1351
0.1201
0.1051

0.09008

0.07507

0.06006

0.04504

0.03003

0.01501

NMpumepbl




N\ AMM

SVMHA]

7171009

3 6030409

31572409

USUM]u)
001102

JlnctoBasa wtamnoBka

EPSINT]|

01052
o.1802
0 1652
lo 1501

01351

NMpumepbl




v\ AI'NM

USUM(m]
0.01102

0.01033

0.009639
0.005251
0.003262
0.007574
0.006885
0.00&197
0.005508
0.00482

0.004131

0.003443

0.002754

0.002066

0.001377

0.0005885

JInctoBasa wtamnoBka

LISURA[a]

001102

001033

0 009639

0008951

0 008262

0007574

0 006835

0006197

0 005508

0 00452

0004131

0 003443

0002754

0 002066

0001377

0 D00B385

NMpumepbl
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INlnctoBast wramnoska NMpumepsbl

SYM[HA2]
SWN[Hm2] 77 1eHE

717 e+l

6.722e+19
6.7 22e+09

627 de+149
5. 27 d e+

5.626e+12
5 826404

£ 2780409
5.378e+09

4 S3e+03
4932409

4. 482a+409
4. 4532e+09

4.033e+09
4.033e+19

3.5085e+09
3.585e+019

3137eHE
5137 e+19

2 BB%e+12
2. BE%e+19

2. 241e409

2. 241 e+13

1.793e+09

1.793e+09

1.344a+09

1.3dde+09
§.963e+05

5 9530408

4.4820+08
4. 452e+08



Cnacubo 3a BHumaHumel!

KoMmnanuua HTLU «AlNMM»
(Hay4YHO-TeXHUYEeCKUUN LeHTp)

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

Ten.: (495) 120-58-10
Internet: www. apm.ru
E-mail: com@apm.ru



