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BBenenue

IIporpammasiit Mmoxyns ACTPA-CTAJIMO npenHa3zHaueH Ui yTOUHEHHOTO
pacdera TeMIepaTypHOTO M HampsbkeHHO-medopmupoBanHoro coctosHus (HIAC),
CTaTHYECKOHM, LMKINYECKOW M CEHCMHYECKOH NPOYHOCTH TSDKEJIO HAarpyKEHHbBIX
Jetayeil TpyOOIpOBOOB — OPTOTOHAIBHBIX TPOWHHUKOB (CBAapHBIX, ITAMIIOCBAPHBIX,
LITaMIIOBAHHBIX, C HAKJIAIKaMU U IUIAKUPYIONIMM CJIOEM), OTBOJOB M THOOB (B TOM
YHCIe, CEKTOPHBIX C YYETOM UIMINTHYHOCTH W ITIEPEMEHHON TOJIIUHBI CEUCHHS),
KOCBIX CTBIKOB, TIEpEXOJOB M JIMH30BBIX/CHIB(GOHHBIX KommeHncatopoB. ACTPA-
CTAINO mnonuocteio coBMectuma ¢ [IK ACTPA-HOBA’2023, a Takke MOXET
HCTIOJIb30BaThCSl aBTOHOMHO.

B nmoncucreme ACTPA-CTA/INO peanu3oBaHa aBTOMaTHYeCKask T'eHEpaIus
ONTHMAIBHBIX 10 TOYHOCTH IPOCTPAHCTBEHHO-O0OJOYEYHBIX (JUII TOHKO- H
“CpelHECTeHHBIX DJIEMEHTOB) M OOBEMHBIX (ISl TOJCTOCTEHHBIX JeTaleil)
pacyeTHBIX KOHEYHORIEMEHTHBIX MOJIEIIEH.

IMoncucrema obnagaeT qUAIOTOBBIM Ipe- U MOCTIPOIECCOPOM, MOXKET OBITH
CBsi3aHa C 0a30i MAaHHBIX THUIOBBIX JJIEMEHTOB, TpeOyeT IHIIbL HEOOXOIUMOTO
MHHMMyMa WHGOpPMAIMy JJIsI aBTOMAaTWYeCKOW TeHEepaluh ONTHUMAIBHBIX 10
TOYHOCTH TPOCTPAHCTBEHHO-OOONOYEYHBIX (UII TOHKO- H  “‘CPeIHECTCHHBIX
AJIEMEHTOB) W OOBEMHBIX (IJI1 TOJICTOCTCHHBIX NIETallell W CHCTEMBI “‘TpyOOIpOBOI-
U30JSIIUS-TPYHT’) PacUeTHBIX KOHEYHODJIEMEHTHBIX MoJieliei. BrraucnuTenbHbIM
“ampoM”  CIY)XKMT MOIIHBIH  BepUPHUIMPOBAHHBIHN  KOHEYHO/CYNEpIIEMEHTHBIN
komruiekc CTAJIMO’2023, umeromuii 6oraThlii MOCTYKHONW CHHCOK HCCIICIOBAHHBIX
CJIOKHBIX OOBEKTOB aTOMHOM, TEIUIOBOM M T'MIPOIHEPIeTHKH, PA3IMYHBIX OTpacien
CTPOUTENBCTBA U MAIIMHOCTPOCHHUS.

ACTPA-CTAUO nonuocthio coBmectuM ¢ ACTPA-HOBA’2023 (3kcnopt
TE€OMETPUYCCKUX XapaKTepUCTHK, (QHU3MKO-MEXaHMYECKUX CBOWCTB M HAarpys3okK,
UMIIOPT  YTOYHEHHBIX HAaNpsHKEHWH W MaTpuIl  JKECTKOCTH/TIOAATIMBOCTH),
obecrieunBaeT yTOYHEHHBIH pacdeT MO MPOCTPaHCTBEHHO-000I09€YHBIM U 00BEMHBIM
cxeMaM MeTona KOHEYHbIX 3neMeHToB (MKD) HampshxeHHO-IedOpMHPOBaHHOTO
cocrostanst (HAC) m mpoyHOCTH CHERyIOMMX TSOKEIO HAarpyXEHHBIX 3JIEMEHTOB
TpyOOIIPOBOAOB TpH AEHCTBUHM MOJIHOW CHCTEMBI KBAa3UCTATHYECKUX HArpy30K
(BHYTpeHHee IaBJIEHHE, BeC M TeMIlepaTypHble ledopMaryy, oceBas U HNONEpeUHbIe
CHJIBI, N3rHOAOINe U KPYTALINI MOMEHTHI Ha IPaHUIaX-TOPIAX):

1) TpOWHWKOB OPTOTOHAJIBHBIX M HEOPTOTOHAIBHBIX (KOCHIX) PaluaibHBIX
(cBapHBIX C 3aYMINEHHBIM IIBOM, IITAMIIOCBAPHBIX, IITAMIIOBAHHBIX U KOBaHBIX, C
HE3a4HIICHHBIMHU [IBAMH, HAKIIAJKAMH U IUIAKHPYIOIIHM CIIOEM);

2) oTBOJOB (IrMOOB, KOJEH) THYTBIX, KPYTOM3OTHYTBIX, INTAMIIOBAaHHBIX H
CEKTOPHBIX C YYETOM OJJUIMITUYHOCTH, Pa3HOCTCHHOCTH (IIEPEMEHHOH TONIIHMHBI
CEUYCHNS1) U MIPUMBIKAIOIIUX NPSIMBIX TPYO;

3) KOCBIX CTHIKOB;
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4) KOHHMYECKUX MEePEX0I0B;

5) TMH30BBIX U CHIIL(OHHBIX KOMIIEHCATOPOB OCEBBIX, YITIOBBIX M CABUTOBBIX
(MHOTOBOJTHOBBIX C YUETOM MPUMBIKAOIIUX MPSAMBIX TPYO).

IMomcucrema akKyMyJaHpyeT MHUPOBOW M COOCTBEHHBIH 33-JICTHHI OIBIT
pa3pabOTYMKOB 10 aHAINW3Yy CIOXKHOTO IPOCTPAHCTBEHHOTO  pacIpelesIeHus
TEeMITepaTyp, NepeMelieHni, AeopMaluii 1 HanpsHKEHUH B IETAJSIX, ONMPEASISIONINX
MIPOYHOCTb BCEW TPYOONPOBOTHON CHUCTEMBI, B OOOPYIOBAaHHH, CTPOMTENHHBIX
KOHCTPYKIMSAX ¥ COOPYKECHUSIX.

OCHOBHBIE pEaJM30BAHHBIE THIIOTE3bI: M30TPONHUS W JIMHEHHAs YHPYroCTh
Metauta  ((usndeckas IJTUHEWHOCT) M MallocTh  AedopMaruii-iepeMeneHuit
(TeoMeTpruyecKas TMHEHHOCTD).

Pe3ynbraTsl pacdera pu 3alaHHBIX COYETAHUAX HArpy3o0K:

— TeMIIepaTypHOe ToJIe (y3I0BbIC 3HAUCHUS);

— mepeMelieHus (BapuaHT — MPH EAWHUYHBIX Harpy3skax — MaTpuua
MOJIATJIIMBOCTH);

— 3HAaUYMMblE KOMIIOHEHTHI IOJHBIX HOPMAaIBHBIX M  KacaTeJbHBIX
HaIpsHKEHUH, TJIaBHBIX HANPSDKEHUH U MPUBEINCHHBIX (IKBUBAJICHTHBIX) HANPSUKEHUN
Ha BHYTpEHHEH, CPEAMHHOM 1 Hapy>KHOI MOBEPXHOCTSIX;

— OLEHKAa CTaTM4YeCKOM, LUKIMYECKOM M CeHCMHUYEeCKOH NPOYHOCTH IO
KPHUTEPHUSIM, IPHUHSATHIM B COOTBETCTBYIOIINX OTPACIISX.

XapakrepHoe Bpemsi cuera Ha Pentium 4 1,7GHz nang nuHeHHBIX
MIPOCTPAHCTBEHHBIX M TPEXMEPHBIX 331ad (TPOWHUKH, OTBOJBL...) — 60-200cek, s
HEJMHEHHBIX TPEXMEPHBIX 3a71ad aHaJI3a MOA3EMHBIX TPyOOIpoBo10B — 10 1 4ac.

B Teuenme mepBoro necarmneruss cBoeit ku3Hu  ACTPA-CTAJUO
HCIIONIb30BATACh TNPEUMYIIECTBEHHO CaMHMH pa3pabOTYMKaMH TPH  BbINOJTHEHUH
3aKa3HBIX HAyYHO-HCCIIEA0BATEIILCKUX paboT (Kak MNpaBWio, JJsi YTOYHEHHOTO
pacdera nerajed, HE yIOBJICTBOPHBLIMX KPUTEPHSM MNPOYHOCTH NHPU pacuere Mo
ACTPA-HOBA wmu ppyruM mporpaMmMaMm pacuera TpyOompoBomoB). Takas
BO3MOHOCTh cymiecTByeT U npuserctByercss HULL Cta/luO u ceituac. bonee toro,
HEM3MEHHBIM OCTaeTCsi NPUHIWNHAIBHBINA, paHee NPOBO3IJIALICHHBIN ITOAXO0/:
npozpamMmHble  CUCTHEMbl MAKO20 KIACCA  OOMHCHbL  UCHONb308AMbCA  TONLKO
pacuemuuxamu-npogeccuonanamu.

B moxcucreme yrouHeHHOro pacdera nperaneil Tpy6omposonos (ACTPA-
CTAINO) peanm3oBaHa aBTOMATHYECKas TEHEPAlUs ONTUMAIBHBIX IO TOYHOCTH
MPOCTPAHCTBEHHO-000JIOYCYHBIX (71 TOHKO- M ‘‘CPeTHECTEHHBIX~ 3IIEMEHTOB,
KpuBONMUHEWHBIE 6-u ®W  8-m  y3moBele KD  mepeMeHHOW — TOINIMHBI
cymepmapamerpudeckoro cemeiictea, CIIKD) u o0peMHBIX (mns cpenHe-
TOJICTOCTEHHBIX aeTanei, 12-u, 15-u, 16-u u 20-u y3noBeie KO n3onapamerpudeckoro
cemeiictBa, UITKD) pacdueTHBIX KOHEYHOAIEMEHTHBIX MOJEICH — CM. TaOJIHILy.
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Ta6muna 1 Tunsr geraneit, KO u Buasl pacyera

Bunst
Jerans (3:memeHT, y3emn) Tuner K3, Bua cetku pacuéra Prcynox
e  CIIKD38 (nmepeceuenne
mTynepa ¥ Maructpaid 1o
BEpXHEH 5 HIKHEHN Puc. 2
TIOBEPXHOCTH); )
Tpounux ceapmoii e  (CIIK38 (nmepeceucHue
C 3aYMIICHHBIM [IBOM mTynepa W  MarucTpaid 1o Puc. 1
CpEIMHHOM OBEPXHOCTH)
e  UIIKD-16
o UIIKD-20 (-4)
MHorocnoiHas cxema
Tpoiinuk ceapHoti e UIIKDI16
C 3aYMIIEHHBIM [IBOM e  UIIKD20 (1-4) Puc. 4
1 TJIAKUPYIOIIUM CIIOEM MHorocJoitHas cxema
e  CIIK38, CIIKD6 ) Puc. 12
Tpotinux wmamnosanHvli
U WMamnoceapno e UIIKDI16, UTIKD12
(c TAHYTOM TOPIOBHUHON) e UIIKD20, UTIKD15 (1-4) Puc. 13
MHorocnoiHas cxema.
Tpouinuk wimamnosannwiti | o  HWIIK316, UTIKD12
U WMAMROCEAPHOUL e  UIIKD20, UTIKD15 (1-4) Puc. 14
C IUTAKAPYIOIINM CIIOEM MHorocnoitaas cxema
e  CIIKD38 (mepeceueHne
mTynepa W  MarucTpaid o
BEpXHEH U HUXKHEHN
TIOBEPXHOCTH); 2)
Tpounuxk céaproi e CIIKDS (mepeceueHne
C 3aYMUICHHBIM WIBOM W | mTylepa M = MArMCTpand Mo
HaKIaIKon CPEIMHHON TIOBEPXHOCTH)
° HIIKD16
e  UIIK320 (1-4) Puc. 8
MHorocnoiiHas cxema
Tpotinux ceapHou e  CIIK38 (nepeceuenue
C POIYIICHHBIM WITyIlepa ¥  MAarucTpaid 1o 2) Puc. 7
HITyLIEPOM CPEIMHHOM OBEPXHOCTH)
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Bunel
Jerans (3memMeHT, y3ern) Tumer K3, Bug cetkn pacuéra Pucynox
. ’ e  HIIK320 (1-4) Puc. 9
HaKJIa/IKOH o
MHorocnoiiHas cxema
U IJTAKUPYIOIIUM CJIOEM
Tpounux ceapmoii e  UIIKDI16, UTIKD12
co 11BOM (“TpeyrobHUK) e  UIIKD20, UTIKD15 (1-3) Puc. 10
“HITyliep-MarucTpans” MHorocnoifHas cxema
Tpotinux ceaphoii
C HaKJIaJIKOW 1 e  UIIKD16, UTIKD12
[IBAMHU “mrynep- | o UIIKD20, UTIKD15 (1-3) Puc. 11
MarucTpanb-HaKkinaaka” H | MHoOrocioiHas cxema
‘“‘MarucTpaib-HaKJIagKa”
e CIIKD8 (mepeceucHme
mTynepa ¥  MarucTpaid o
Heopmozeonanvhviii BEPXHEH n HIKHEH
(“xocoii”) ceéaproii | IOBEPXHOCTH); 2
MPOUHUK e CIIKD8 (nmepeceuenwue
C 3a4UUJeHHbIM ULBOM mTynepa MW MaruCTpajiu 1o
CPEIMHHOM MOBEPXHOCTH)
° HIIKD16
e UIK320 (1-3) Puc. 30
Ceepnénwiti  mpouHuk ¢ e UIKD20 (1-3) Puc. 31
HeKOIbYeBbIM KOPHYCOM
e CIIKD8 (mepeceuenne
mTynepa ¥ MarucTpaid  Io
Heopmozonanvhuiii BEPXHEN u HIDKHEHR
(“rocou”) C8apHOIL TIOBEPXHOCTH); (2)
MPOUHUK e CIIKD8 (mepeceuenue
C 3aUUUJeHHbIM ULEOM mrTynepa ¥ MarucTtpaid o
U HAKIAOKOTU CpPEeIMHHOM MOBEPXHOCTH)
e MUIIK316
o WIKD20 (-3
e CIIKD8 (1-4) Puc. 15
Omeoo SHYmMbIl (c
HPHUMBIKAIOIIAMH e HUIIKDIG,
TpyGam) e UIIKD20 (1-3) | Puc. 16
MHorocnoiinas cxema
gﬂiﬁl& 10 flllgm;léeM (2 ° HIKIIG,
Pyrolit e MIKD20 (1-3) | Puc. 17
TIPUMBIKAIOIIIMHA N
MHorocioitHas cxema
TpyOamm)
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Beenenue

Bunel
Jerans (3:memeHT, y3emn) Tumer K3, Bug cetkn pacuéra Pucynox
e  CIIKD8 -mepecedyenune 110
BEPXHEU U HMKHEW [TOBEPXHOCTU @)
Omeoo  cexmopnwiti  (c | o  CIIKO8 —mepeceuenue 10
MPUMBIKAFOITUMHE CPETMHHOMN MTOBEPXHOCTH
TpyOammu) e  UIIKDI6,
e  UIIKD20 (1-3) Puc. 18
MHorocnoiiHas cxema
C mnakapyonnt oo | * M1
pytom o UIKD20 (1-3) | Puc. 19
(c MPUMBIKAFOITUMH N
MHorocnoitHas cxema
TpyOaMm)
e (CIIKD8 — mepeceueHue IO
. N Puc. 21
BepXHEl 1 HIDKHEH OBEPXHOCTH @)
e C(CIIKD8 -tepeceuenne 1O 20
Kocoti cmbix CPEIMHHOM OBEPXHOCTH Puc.
e  UIIKDI6,
e  UIIKD20 (1-3) Puc. 22
MHorocnoiiHas cxema
Kocoti cmuix s MIK3I6,
e  UIIKD20 (1-3) Puc. 23
C IJIAKUPYIOIINM CIIOEM N
MHorocoiiHas cxema.
Kocoti cmuix . I/IHK?ZO, HIIKD15 (1-3) Puc. 24
CO CBapHBIM IIIBOM MHorocnoitHas cxema
Ipsimas mpyba
(uemaepmy) . I/IHK?20, HIIKD15 (1-3) Puc. 25
C KOJBLEBBIM CBapHBIM | MHOrocIoiHas cxema
ITBOM
Csapnoe coeOuHeHue e WIKY20 (1-3) Puc. 29
mpy6 ( nonxas modenv)
];CpXHgf?I/II< I?Ifmﬂgflz': T‘[I:)el;::;;;:fm . Puc. 27
11 0 2
pexo e (CIIKD8 -tepecedenne 1O @)
N Puc. 26
CpEeIMHHON OBEPXHOCTH
Romnencamop . |e  CIKDS (2 | Puc.28
(cuib(hOHHBIH, JIITH30BHIN)
(1) — craunonapHas 3a/jaua TEIUIONPOBOJHOCTH
(2) — pacyer HAC u npoynocTtu
(3) — KoMOWHMpOBaHHBIH pacueT (ONpEIENICHHE TEMIICPATypHOro IMOJsA U
HCTIONB30BaHUE €T0 B KaYeCTBE TEMIEepaTypHOil Harpy3ku ais onpenenerus HJC)
(4) — popmupoBaHIEe MATPHIIBI JKECTKOCTH JETAIH (IIIEMEHTA)
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

CITKD8 — 4eThIpexyroibHBIN B IUTaHe 8-y3JI0BOi 000I04eYHbIH KOHSUHBIH JIEMEHT C
MIPOMEKYTOUHBIMHU Y3/1aMH CyTepIapaMeTPUIECcKOro ceMencTBa.

CIIKD6 — TpeyrosipHblii B IUIaHE 6-y3JI0BBII 000J0YEYHBIH KOHEYHBIH DIEMEHT C
MIPOMEKYTOUYHBIMHA Y3JIaMH CyTIepIapaMeTpUIecKOro CeMEeHCTBa.

HIIKD16 — TpexMepHBIi, MIECTUTPAHHBI YETHIPEXYTONBHBINA B “TIaHe”, TMHEWHBIN
1o TonmuHe 16-y3moBoil KO ¢ npomMekyTOUHBIMU y3IaMU.

NIIKD20 — TpexMepHBIH, MIECTHIPaHHBIH YeTHIPeXyroJMbHEIH B “mane”, 20-Ti
y310Boit K3 ¢ npoMe)xxyTouHBIMU y3J1aMH.

NIIKD12 — TpexMepHbIH, ISATUIPaHHBIA TpPEYroibHBI B “IUlaHe”, JMHEHHBIA IO
tonmuHe 12-y3moBoit KO ¢ mpoMexxyTouHBIMH y3IaMH.

UIIKD15 — TpexMepHBIif, MATUTPaHHBIN TpeyroabHbIN B “mane”, 15-yzmoBoit KD ¢
MIPOMEKYTOUYHBIMH Y3JIaMH.

14 HUILT CralnO



Baenenne

CIIKD no

UHUK ceapHOU C 3a4UUEHHbIM ULBOM.

Puc. 2 Tpo

om. CITIKD no

HUHUK CeApHoU C 3a4UWEHHBIM U6

Puc. 1 Tpo

B8EpXHeU U HUINICHeU NOBEPXHOCMU

CPEeOUHHOU NOBEPXHOCTU
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“CemeiicTB0” mporpamMHbIx komiiekcoB ACTPA-HOBA’2023

UHUK C6APHOU C 3AYUULeHHbIM UWUBOM U

Puc. 4 Tpo

HIIKD16

UHUK ceapnoﬁ C 3a4UU{eHHbIM UUBOM.

Puc. 3 Tpo

naakupyrowum croem. MIIKI16 (UTTK220)

(UTTKD20) mHnozocnotinas cxema
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UHUK C6APHOU C 3AYUULeHHbIM UWUBOM U

naxnaoxou. CIIKD no cpedunnoti nogepxHocmu

Puc. 5 Tpo

TS rIer/a

l\\......\h\‘
i

Puc. 8 Tpouinux ceaphoii ¢ 3auuuyenHbiM WeoM U HAKAAOKOU.

UHUK C6APHOU C NPONYWEHHBIM UWMYyyepom.

Puc. 7 Tpo
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“CemeiicTB0” mporpamMHbIx komiiekcoB ACTPA-HOBA’2023

HIIKD16 (UIIKD20) muoeocnounasn cxema

CIIKD no cpedunnoi nogepxnocmu

N
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UHUK ceapHOoU CO UUB0OM

mazucmpanv”. UTIKD20 mnozocnotinas cxema

Puc. 10 Tpo

OKOU U
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(c manymoii

UHUK WUMAMROBAHHBIL U UMAMNOCEAPHOL
eopnosunoit). CIIKD

Puc. 12 Tpo

OKoOU u weamu “wumyyep-
MHO2OCIOUHAs cXemMa

“«

i)

UHUK C8APHOIL C HAKIA
Masucmpanv-naxiaoxa” u “macucmpanv-naxiaoxa’. UIIKO20

“CemeiicTB0” mporpamMHbIx komiiekcoB ACTPA-HOBA’2023

Puc. 11 Tpo

/)
s
s
oo -rn\.:.m.»woooo

L r ik =
%ﬂaﬂﬂiﬂﬁ“ﬂ“ﬂ\ﬂ“ﬂ‘““

[/ ]]
\\\\\\\\‘I

»\s\\\\hﬁ&h
Wl i iy
(kA il
W osssaos

7

7

7

S

K7

7
W
.
A4

L

L AR AN

T
i
i

Sy
<

¥l
I‘Il" i

I

e,

HUILL CraluO

20



i

(c mamnymo
eopnosunoti) ¢ naaxupyrowum croem. MITIKD mnozocnotinas cxema

UHUK WMAMNOBAHHBILL U mma/wnoceapyozl

Puc. 14 Tpo
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“CemetictBo” mporpaMMHubIX koMmaekcoB ACTPA-HOBA’2023

Puc. 16 Omeoo enymuiii (¢ npumvikarowumu mpyoamu). UIIKO16

Puc. 15 Omeo0 enymuiii (¢ npumvixaiowumu mpyoamu). CITKO

(UTTK220) mHnozocnotinas cxema
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BBenenue

Puc. 18 Omeoo cexkmopnbiil (¢ npumsikarowumu mpyoami).
HUIIKD mnoeocnotinas cxema

Puc. 17 Omeo0 enymuiil (¢ npumvikarowumu mpyoamu) c
naaxupyiowum cioem. MIIKD16 (MTTK220) mnozocnotinas cxema
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“CemetictBo” mporpaMMHubIX koMmaekcoB ACTPA-HOBA’2023

Puc. 19 Omeo0 cexmopmwiil (¢ npumvlkaiowumu mpyoamu) u

naaxupyiowum croem. UKD muozocnounas cxema
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BBenenue

Puc. 21 Kocoii cmuix. CIIKD, nepeceuenue no eepxmeii u HuxicHe

Puc. 20 Kocoii cmuix. CIIKD, nepeceuenue no

noeepxnocmu
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ACTPA-HOBA’2023

TIPOrpaMMHBIX KOMIUIEKCOB

“CemeiicTB0”

Puc. 23 Kocoii cmuix ¢ naaxupyiowum cioem. MTTKD

Puc. 22 Kocoui cmuix. HIIKD mnozocnounas cxema

MHO2OCIOUHASL CXemd
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BBenenue

Puc. 25 Ipsimas mpyba ¢ konvyegbim c8APHLIM UUBOM.

Puc. 24 Kocoii cmuik co céaprvim weom. UITKD

UTIKD muozocnotinas cxema

MHO2OCIOUHAA cxemda
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HIIKD 20

e -

%“”“ R T
B oo S T LT 7

i A
L A

e

27

Mocksa, 2023



“CemetictBo” mporpaMMHubIX koMmaekcoB ACTPA-HOBA’2023

Puc. 26 Ilepexoo. CIIKD, no cpedunnoii nogepxnocmu Puc. 27 Ilepexoo. CIIKD, no eéepxneii u Hudschetl
noGepxXHOCU

CHK2 CIK>

28 HUILL CraluO
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Puc. 28 Komnencamop (cunb@onmblil, TUH308bLLL)
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“CemetictBo” mporpaMMHubIX koMmaekcoB ACTPA-HOBA’2023

Puc. 29 Csapnoe coedunenue mpy6. UIIK320
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1l MPOUHUK C HEOPMO2OHANbHBIM Puc. 31 Ceepnénvi

Puc. 30 Csapno
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“CewmelicTBo” mporpaMmHbIX koMiiekcoB ACTPA-HOBA’2023

Kpartkoe onucanue ceanca padorsi ¢ [IK ACTPA-CTAINO

Jis  yrounenus TtemmeparypHoro mnoss, HJIC, omeHku cratudeckoii,
LUKINYeckod u cedicmuueckoit mpounoctu geramu B 11K ACTPA-CTAMO
HEOOXO0MMO CIIeNIaTh ClIeTyIomiee:

1. [IpoBenure cratmyecknii wimm ceiicmuueckuit pacaer B ACTPA-HOBA.
Hecmotpsa Ha TO, uro B mporpamme ACTPA-HOBA ceiicMudeckuii pac4eT MOXKET
MIPOBOANUTECA 0€3 MPEABAapUTEIBHOTO CTAaTUYECKOTO pacdeTra, I  OLEHKH
ceiicMuuyecknx HanpspkeHuil ¢ ydetom ctatuku B ACTPA-CTA/IMO wHeoOxomumo
npoBectu crarndeckuil pacdyer B ACTPA-HOBA, T.e. HOMKHBI NPHCYTCTBOBATh
pe3ynbTaThl pacuera Jramna |

2. Bribepure netanb-3yieMeHT TpyOOIpoBoa B Tpa)uueckoM OKHE, Pe3yJIbTaThl
M0 KOTOPOMY HEOOXOomuMo yTouHHTh npu nomomqu MKD-pacuera (Puc. 32). Be
MOJKeTe IPOITYCTHTh 3TOT MYHKT, U BBIOpATh 3JIEMEHT B mocienytomeM auanore (Puc.
34).

Puc. 32 Bvibop snemenma ¢ ACTPA-HOBA

LEACTPA A - 0-\DATA_ASTRAKOVA\BIAHPLES\AOC\TEST\TESTS) =T |

(5 ouiv fawee Peascrp Faver Peymrane B Oma s

D@0 OF @ coossmmomreepon., ¢ =& &H 4|5 o 0l P TeTy 0,00 %

[Vacron ieni6 (63 - 283 o

NPETIPOUECCOP

2 £

% )

g o

2 i

r i

el -
|
A4

=4

]

N

b

#*

=

o L

=] A

L ot ¢
7ACTPA'L3C (201405) . CASC 3 Guox I
3. Beibepute HeoOxoanumblid Tun pacyera B Mento Pacuem (Puc. 33). ITyHKTBI

JTAaHHOTO MEHIO aKTHUBHBI B 3aBHCHMOCTH OT HAJW4HUs DJIEMEHTOB B CXEME, a TAKKE OT
HAIAYHS PE3YyJIbTaTOB PACUCTOB HA CTATHYCCKYI0 M IIUKIAYECKYIO IPOYHOCTh H
CEMCMOBO3IEUCTBHSI.

32 HUILL CraTuO



Kpatkoe onucanue ceanca pa6otst ¢ IIK ACTPA-CTAJUO

Puc. 33 Menwo MK3-pacuem snemenmos 6 ACTPA-HOBA
PezynbTatel Bua  OkHO 7

CTATHYECKEA M LMKENMHYECKaA NpoYHoCTE (CTALL)

CoBCTEEHHEIE HAcTOTE M hopMel KonebaHmid (DOPM)
CeficMMueckne BosAsfcTEMA (CEACHM)
BHBpauHoHHanA NpodHoCTE (BHMER)

AWHaMHYECkHE BOSASACTEMA (KH)

MKZ pacyeT anemeHTos (CTAAMO) Pac4eT TROHHHKOE

PacueT oTEoAOE
PacyeT KOMNEHCATOPOE
Pac4eT nepexoacs

PacyeT Kocklx CTEIKOE

4. OKOHYaTeNbHO MOATBEpAUTE BbIOOD 3nmemenTa (Puc. 34). B cnyvae Hammdms
pe3yiIbTaToB pacyera Ha CEHCMOBO3AEHCTBUS MOXKET OBITh BBIAAHO CIEAYIOIIEE
npeaynpexaenue (Puc. 35)

Puc. 34 Jluanoe ons okonuamenvrozo vibopa snemenma 6 ACTPA-HOBA

x|

TpoiHKME B ¥sSae W56 -l
TpofiaME B ysae W59
TpofHHE B yZxe ME0
TpofHHE B ¥Zae MES
TpoiHME B yIme WEE
TpofHKHE B ySae W71 J
TpoiHKME B ¥sSae N73
TpofiaME B ysae W77
TpoffHHE B y3me ME1
TpofHHE B yZae M3Z
TpORHHME B 3
Mrafawe = sr=me WEd LI

oK | OTHeHa

Puc. 35 Omkas unu noomeepoicoenue nOSMOPHO20 CEUCMUYECKO20 Pacyemd

ACTPA-HOBA'2009 x|

P ONAYTOHHEHHOM O PACHETa AETamA MES ¢ yHETOM CaiieMAYeckin Bo3aefcTEMA ThebyeToA MOBTORHO MPOBECTI
\‘/ CEACMAYECKAIA pacyeT Mo ACTPA-CEMCM. Mpw SToM ByayT AOCTYMHEI ANA ACTPA-CTAOVIC ceiicrmiqeckie
CHNOEbIE HAKTOPEl MO KAKA0A Y YATEIBAEMOR COBCTEEHHOM GopMe KoNeBaHMR (CNekTpEl OTBETA) MM 413
KamA0ro MOMEHTAa BpaMeHin MHTErPMPOBaHMA (BKceneporpanal),
MpoBecT pacyeT?
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

IIpu otBere “Jla” TOBTOpsIETCS CEHCMHUYECKHA pacdeT C COXpaHEHHEM
CHJIOBBIX (DaKTOPOB JUIS KAKAOW YYHUTHIBAEMOW COOCTBEHHOW (OpPMBI KOJeOaHHii
(cTieKTpBI OTBETA) WM [T KaXI0r0 MOMEHTa HHTETPUPOBAHU (aKCeIepOrpaMMBl).

IIpu otBere “Her” B ACTPA-CTAJIMO mocTymarT TOJBKO CTaTUYECKUE

Harpy3kd B cilydae WX Hanuuus. [Ipu UX OTCYTCTBHMM HArpy3Kd MpUIETCS 3a/1aBaTh B
ACTPA-CTAJJUO Bpyuny1o.

5. Coxpanure o¢aitn ACTPA-CTA/IMO B HyxHoli Bam nanke (Puc. 36). B
BbIOpaHHONW Bamm manke B manmpHeimeM OyayT pacronaraTbesi (Gaiiibl ¢ HCXOIHBIMH
JAHHBIMH U PE3yJbTaTaMH pPacueTa.

HasBanme ¢aitna ACTPA-CTAJIMO dopmupyercss mo cienyromemy
mabiIoHy: <ums npoexma™>_<mun 0emanu>_<pacnoiodcexue oemanu>.ast,
rie

e <umsa npoexma> — nms (aiina npoexra ACTPA-HOBA,

e  <mun demanu> — TPOUHUK, OTBOJ, NEPEX0]], KOMIIEHCATOP, CTBIK (IJIs1 KOCOTO
CTBIKa M CBAPHOTO 111BA);

e <pacnonooicenue demany> — UICHTUGULUPYET MONOKEHUE JeTaad B MOAEIU
ACTPA-HOBA, HoMepa y3ma uisi TPOWHHKOB, HOMEpa ydacTKa U HoOMepa
MEpBOTO CEYEHHs AeTaiy (JUIs OTBOJOB, MEPEX0JI0B, KOMIIEHCATOPOB), HOMEpa
ydJacTKa ¥ HoMepa CeueHHs (CTBIK ¥ CBapHOI! IIOB).

HasBanune daitna, chopMupoBaHHOE TakuM 00pa3oM, MO3BOJSIET COXPAHUThH
cootBercTBre Mexay (aitnamu ACTPA-HOBA n daiinamu ACTPA-CTAJHO. Tlpu
KEJTAaHUM MOXXHO N3MECHUTH Ha3BaHUE.

Puc. 36 Coxpanenue npoexma ACTPA-CTA/[HO

v &3 [ rowa: TEST3

YnopagowTs v Hosas nanka = - @

& 3arpysen Al s - | [laTa WsMeHEHIR | Tun
5l HenasHue MecTa

HET 3MEMEHTOS, YAOBNETEOPAKOULIX YENOBIAH NOMCKA,
=l BubnuoTekn
B sune0
[ noxymesTul
[&=] WsoBpakenua
o Mysuika

& Jovawnss rpyrna

18 KomnwioTep
il NokansHsii gick
w NoKansHeii auck {
4% Auccosog BD-ROM

5 public (\5TD-5) (2.2 4. | |
Vg daiina: | I oi =l
T dpaiina: [ (7 ast) Mpoewcrer ACTPA-CTAIMO =l

+ CKpbITb Nanku Otmena

VA
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Kpatkoe onucanue ceanca pa6otst ¢ IIK ACTPA-CTAJUO

Iocme wHaxatus kHomkd Coxpanums aBTOMaTHYeCKH 3amyctutcs [IK
ACTPA-CTAJIUO c BeibpanubM amementom (Puc. 37).

Puc. 37 IIK ACTPA-CTAIHO c snemenmom mpybonposooa, noayuernvim uz ACTPA-

HOBA
L ACTPA-CTAZIMO - [TEST3_rpoiinm_B3.ast] EIET|
[ daiin Pacuer Pesymorare Ban Owio 2 =181
DEH s e8| 3?
& EQQ A
CIK3

A

[ACTPA-CTAIMO (201405)

ests Rl

8. IIposemmre pacuer B ACTPA-CTAJUO. B pexuMme mocTmporeccopa
MPOAHATM3UPYHTE H BBIOCPUTE HEOOXOMUMBIC pE3yNbTaThl B TaOIWYHBIX W
rpaduyeckux Buaax ajst GOPMUPOBAHUS OTYETHBIX MATEPHAIIOB.

Nwmnopt nmanapix m3 ACTPA-HOBA wu reHepamus KOHEYHOSIEMEHTHBIX

MoZelel leTallell Ha IpUMepax KOHMYECKOIo Iepexoa U ITaMIIOBaHHOIO TPOMHMKA
(Puc. 38 u Puc. 39).
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

Puc. 38 ACTPA-CTA/IHO. Umnopm oannwix uz ACTPA-HOBA u cenepayus
KOHEeUHOIIeMeHmHbIX Mooellell demalell (Ha npumepe KOHUUeCcKo2o nepexooa)

o I

CraThsckan H UMKTMYECKsA MROUHOCTE (CTALL) 1| [ i3] =|H o= C R0 o Lg.|

—] CoBETEEHHEI: HACTOTE] H OPHE! KaREEaHHT (DOPM) =
«® Ceficrveckie posaefcTons (CEFCM) ok
ot BUGpaLMONHEA MROUHOC T (BUEP) o,
(o] AHHEMHHECKHE BO3ASACTENA (AVH) =
(&} PacueT ThoFiHHKas E
@ Pacaer oTe0a08 X
® Pacuer KomnencaTopos "
3D

) Pacier coapht: Weos i
- =]
o X
= -
& =
=+ E3
B =
m

=]

il

T P n——— [ |

ey hycx ™ NC Left

< ACTPA-CTAJMO - [Reducer18_138.ast]

[ dain Pacuer Pesynerater Bua Owro 7
DM LB (&%
|esta@@|® |1 njmw| v i
)

Mapasetput K3-Moae ik ne pexoga

eareTpua nzpencas | Cerca| Pecser |

AN
R
IESSS

Hoppmerzoy 25— o 7

L :.:l..
ooreeria M are pyan nepexosa X ¥
e e
L Monyne ynpyroctu (I0hra) 200000 MMs
nepesonHzA Koadauument MNyaccona | 0.3
LLvHa NEPERONHOR  [Soq o KoagpuumeHT nuHenHoro Te 1e-005 1/rpan
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Kpatkoe onucanue ceanca pa6otst ¢ IIK ACTPA-CTAJUO

Puc. 39 ACTPA-CTA/IHAO. Umnopm oannwix uz ACTPA-HOBA u cenepayus
KOHEUHOIIeMEHMHbIX MoOeell Oemainell (Ha npumepe wmamno8aHHo20 mpotuHuKa)

CTATHMIECKaR W UMKTMHECkaA MPoUKOCTS (CTALL)
COfiCTREHHLIE HACTOTL! 1 (OpH KOnEGaHA (DOPM)
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Mocksa, 2023
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Mento Daiin

Hosprii

Cosznanue HoBoro npoekta ACTPA-CTAJNO

OTKpBITH

OrtxpeiTre cymectytonero npoekra ACTPA-CTAIUO

e ©

Manka: ID Sveta ﬂ & £¥ Ev

CHELP_ASTRA-STADYO

M3 chavina: IReduceﬂ 8_138.ast
Tun gparnoe: Iﬂpoem ACTPA-CTAONO (*ast) LI OTMeHa l

Z

CoxpaHuthb

Coxpanenue aktuBHoro npoekra ACTPA-CTAJUO

CoxpaHuTh Kak

COXpaHI/ITB 1 OTKPBITH IIPOEKT 11O HOBBIM UMEHEM
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OTKpbITVe daiina
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Z
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Mento Daiin

YcraHoBKH,;

OTOT MMyHKT B MEHIO Daii BHI3BIBAET CIECAYIOMUHN IAaIoT

Y CTAHOBKM

OBwme | Wik el I

B |®ox
MPaaHEHTHEA 3aIHEKS Het
LieeT BepxHMi
Ll T HisHE
B |UeeTa Monenu B noctnpoL
McxoaHas Mogens
Lepopriposanas vonens |

B | EavHULEM U3MEpPEHKA

Fazmepel MM
Hron rpan
[aeneHue, HENPAKEHWE Ml
MnoTHoCTE KT/M" 3
Cuna kH
toreHT KH*M
TeMnepatTypa c

Ko3gauuKeHT Tennonpoeodr B1/m/"C
KoagaguumeHT TennoemMkocT Dk C
KO3hhMUMEHT KOHBEKLIMMK Br/m"2rC
HacToTa panfc
CoxpaHeHue nepen pacye |Het
KonuWuecTeo Kaapoe Npu a3

0K I OtMeHa [[pHMEHNTE Cnpaeka

31eck Bel MokeTe

Mocksa, 2023

V3mennts 1nBera ¢ona mo Bamemy Bxycy. [lo xemaHHIO MOXHO
HCIIONB30BaTh TPAAUECHTHYIO 3aNMBKy ()oHa (ITaBHOE M3MEHEHHE IIBETa OT
IIBeta BHU3Y rpaduueckoro okHa 1o I{Beta BBEpXYy).
Hactpouts 1nBera i BU3yalnM3alUM HCXOJHOM MOJEIU U PE3YyJIbTAaTOB
pacuyera (TIepeMeIeHuii) B MOCTIPOLIECCOPE;
HactpouTb enuHMIBI U3MEPEHHs U1 3aJaHusl UCXOAHBIX JAHHBIX U
0TOOpaKeHUs! Pe3yJIbTaTOB MIPU UX BU3yalU3allUu U B OTUETE;

BrIOpaTh ONIMIO aBTOMATUUECKOTO COXPAHEHUS NIEPEesl pacuEToM,;

VYkazaTh KOJIHMUECTBO KaapoB OT 2 10 10 mpu aHuManuu coOCTBEHHBIX (opMm
konebanuil. Yem Oojbplie KaapoB, TeM aHUMALMs BBINOJHAETCA Oouee
IUIaBHO, OJHAKO B 3TOM CJIy4ae BO3pACTAET BpeMs IOArOTOBKU aHUMALUU.

41



“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

42

Oume  WpnoTe |

WpKdT AnA HyMEepaLwW y=nos

Courier New

WpmrcpT ANA HyMepaLuy SNeMeEHTOB

Courier New

WpwchT ONs HAAMKCER WM NEreHk5!

Courier New

OK | OTMeHa | [FpHEEHHTE

Cnpaeka

311ech MOXKHO BBIOUPATh MIPUQTHL:
pudT a1 HyMepauu y3ios;
IpucT A1 HyMepanuy 31eMEHTOB;
mpudT I HAAUCEH U JIETeH]IbI;

Hns  Boidopa mpudTa HaXKMUTE KHONKY chpaBa. lIpm 3TOM HOSBHUTCS
cranmaptHsliit auanor Windows ais Beibopa mpudra.
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Mento Daiin

IleuaTn
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(" CTpaHuus: 1-65535 32
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IIpexBapuTenbHBI IPOCMOTP
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BbIxon — BBIXOX U3 ITPOTPaMMBbI

Mocksa, 2023
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Mesnto Pacuér

Menio Pacuér

Puc. 40 Menro Pacuér

[TapAMETRE] ShEMERTA
PACUET SMEMEHTA

TPoAHK,
Bl 350400 » OTECA
KoMneHcaTop
Mepexon

Kocald cThIK (HYeTEERTR)
CRARHOS COSAMHEHME TRy
Mpaman Tpyba (aaeneHme)

B mento Pacuem ocymecTBisieTcst BeIOOp Tuma siemeHTa (Puc. 41), Bunpa
pemaemotii 3agaun (Puc. 42), a Takxke HacTpoiika mapameTpoB pacuéTHoi KO-monenn
JJIEMEHTa

Puc. 41 Tunwvt snemenmos

TPoAHK,
OTEOA
KoMneHcaTop
Mepexon

Kocald cThIK (HYeTEERTR)
CRARHOS COSAMHEHME TRy
Mpaman Tpyba (aaeneHme)

Puc. 42 Buo 3a0auu

* Pac4&T HAC M NPOYHOCTH

Pac4&T HAC C y4ETOM NNACTUYECKHMX AehopMaliii
Pacuét HOC c y4éToM aBTOMpeTMpoBaHWA
OnpefgeneHye NpefenbHoN Harpy3Ku

DOpPMUPOBaHWE MaTpu4Horo C3

CTaUWoHapHaA 3aaa4a TENNONPOBOAHOCTH
HecTaloHARHAS 380448 TEMNENREEGIHGCETIA
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Mesnto Pacuer

ITapameTpsl Mogenn (pac4ér) TpoiHNKA

B cnyuae BwiOOpa myHkTa llapamempul mooenu mpouHuKa TPUA HaKaTHU
kHonku OK mpoucxoaut aBToMaTudeckas TeHepalys pacueTHOM MOJIeN TPOHHUKA, B
ciydae BBIOOpa TyHKTa Pacuem mpoiinuxa NOTIOJHHUTEIBHO K 3TOMY HPOHCXOIHT
3aIlyCK pacueTa CreHEPUPOBAaHHON PACUCTHON MOJICIIH.

Huanor Ilapamempor modenu mpoiinuka / Pacuem mpouHuka COCTOUT U3
Tpex 3aknanok (Puc. 43, Puc. 52, Puc. 54).

3akaaaka Oomue

3aknanka Obwue COOEPKUT MO IS BBOJA FE€OMETPUUECKUX MapaMeTpoB,
CBOMCTB MaTepHasoB, MapaMeTPOB KOHBEKLIUH U T.JI.

Puc. 43 3axnaoka O6mme danHbIX pacuémuoi mooenu mpouHuKa

MapaMeTpsl MOOENN TPOHHNKA il

O6wme |Cen(a| F’acuéTl

Bua Tpoinvka CeapHoi
MNMonHan monens Het
H MaTtepuan MarMcTpanu
H MaTtepwan mtyuepa
H MaTtepwan cEEpHLIX IEDE
H NeoMeTpua MmarucTpanym
HapyokHeli anameTp 133 MM
TonuwwHa cTEeHKK 6 MM
[nuHa 3105 MM
H NeomeTpma wtyuepa
HapyxHeii onameTp 89 MM
TonuwWHa cTEHKK 5 MM
[ruvHa 2445 MM
[MponyweHHEIA WTYLEp HeT
INnaknpywumi cno# Het
H|CeapHbie wBk fa
LLupWHa BHYTpEHHEMD KOPHA WEE 2 MM
LmpuHa HapyXHero KOpHA Wea 11 MM
BricoTa HapyXHEro KOpPHA WEa 6 MM
3anaua TeNnonpoBoaHOCTH na
Temneparypa Ha BHyTpeHHe#r mi| 100 C
H NMapameTpw koHBeKLMM
Ko3chepUMEHT KOHBEKLIAW Ha MarucT| 750 Brjm™2j°C
TemMmnepaTypa cpedkl Ha MarvcTpanu| 20 ‘C
Ko3hhUMEHT KOHBEKLMW Ha wTyue)| 750 Brjm™2f°C
TeMnepaTypa cpedkl Ha WTYLEPE 20 C

QK I OtMeHa
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

B 3aBucuMoOCTH OT BBIOPaHHOTO BHA TPOWHHKA, HAIMYHUS /OTCYTCTBHS
CBapHBIX IIBOB, IJIAKUPYIOIIETO CJIOS U T.II., T€ WM WHbIE MyHKTHl HE BUIHBI WU HE

AKTHUBHBEI.

Tabnuna 2 [TapaMeTpsl reoMeTpUYECcKON MOJIENN TPOMHUKA

Buo mpoitnuka

JIOCTYIHBI CIEAYIONINE BUABI TPOHHUKOB!

—  Ceapnotu

—  CsapHoil ¢ ykpennsiioujeli HaKIaoKou

—  Illmamnogannwiii ¢ MAHYMOU 20PLOBUHOU
—  Csepaenviii

Ilonnas mooens

Hem/Jla — ncionb30BaHUE IMOJTHON MOJICITH

Mamepuan mazucmpanu

Mamepuan wumyuepa

Mamepuan naknaoku

Mamepuan naakupyrwuiezo cnos

Mamepuan ceapHvix U606

Mamepuan mpoiinuka

[t Bcex MaTepHaoB, HCIIOIb3YEMBIX B MOJCIH,

3a/1a10TCS:

—  LJgem (0ns omobpasicenusa mooenu)

—  Mooynwb ynpyeocmu FOnea

—  Koagpgpuyuenm Ilyaccona

- Kosgpuyuenm nuneiinoeo memnepamypnozo
pacuiupenus

- IInomnocmo

- Koagpdpuyuenm mennonpoeoornocmu

—  Mooenb mamepuana (nureiinas, bunuHelinoe
U30MPONHOe YRPOUHEHUe, MYTbMUTUHEUHOe
U30MponHoe ynpouHenue)

—  Ilpeden mexyuecmu

—  Tawneenyuanvhulii MOOY1b YRPY20CMU

—  Jluacpamma deghopmuposarus

Teomempusn mazucmpanu

—  Hapyorcnoiii ouamemp

—  Tonwuwna cmenku

—  Muna (ecau 3ad0am 0, mo onpedensiemcs
asmomamuyecki)

T'eomempun wmyyepa

—  Hapyoicnouii ouamemp

—  Tonwuna cmenxu

—  Mwna (ecntu 3a0an 0, mo onpedensemcs
agmomamuyecKku)

—  Ilponywennviit wmyyep (Hem//[a)

—  Juna nponywennou uacmu

T'eomempusn naknaoku —  Hlupuna

—  Tonwuna

—  Yeon ¢acku (0nsa ceaprozo wea)
T'eomempus zoprosunot —  Paouyc

—  Bwicoma
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Mesnto Pacuer

Inaxupyrowuii choi

Hem//[a — Hanmaue IIaKUPYIOMIETO CIOS
—  Tomwyuna na mazucmpanu
—  Tomwyuna na wmyyepe

Ceapnule uignt

Hem/J[a — namuwre cBapubix mBos ([73]-[76])

—  Hlupuna  eHympenne20  KOpHA  W8d
(napamemp h na Puc. 44)

—  Hlupuna napysrcrno2o KopHs wea (napamemp
e na Puc. 44)

—  Buvicoma HapysicHo20 KOpHA wiea (napamemp
g na Puc. 44)

3adaua mennonpogoonocmu

Hem//la — mnpeaBapuTenbHOE pEUICHHE 3aJadu
TEIIONPOBOIHOCTH

Paznocmo memnepamyp mexncoy

Ecmm 3aJavda TCIUIOMPOBOAHOCTU HC PCHIACTCA,

pabouum u X07100HBIM | 330a€TCS PA3HOCTh TEMIIEPATYD,

cocmosnuem

Temnepamypa na enmympennei | Ilpn pemeHunm 3agaddl  TEIUIONPOBOAHOCTH

noeepxuocmu 3amaéres TeMIiepaTrypa Ha BHYTpPEHHEN
MIOBEPXHOCTHU

Ilapamempol Koneexkyuu IIpn pemeHnmn 3agadW  TEMIIONPOBOAHOCTH

JIOTIONTHUTEBHO 3a/1al0TCS:

- Koagghuyuenm xonsexyuu na macucmpanu
—  Temnepamypa cpedvi 8 mazucmpanu

—  Koagduyuenm xoneexyuu na wmyyepe

—  Temnepamypa cpedvl 6 wimyyepe

Puc. 44 [lapamempol 015 MOOEIUPOBAHUSL CBAPHO20 COCOUHEHUS

B cayuae wucnonbzoBaHus

HenoiHoil Modenu, pacd€THHIA (parMeHT

TPOWHMKA TPEACTaBIAET COOON ero 4eTBepTh. Pacu€THas MOIenb aBTOMATHYECKH
CTPOHTCSI C HCHOJH30BAHUEM CBOMCTB IIHKJINYECKONH CHMMETPHH W aHTUCUMMETPHU
JaBICHUS p W & TPYNH 3HAYNMBIX CAaMOYPAaBHOBEIICHHBIX TOPILEBBIX HAarpy30K
OTHOCHTENILHO JIBYX IIOCKOCTEH reomerpuueckoii cummerpun X=0 u Z=0 (Puc. 45).

B »9sTOM ciydae BO3MOXEH pacuéT TONBKO [-00paszHBIX paJHaIbHBIX
OPTOTOHAJIBHBIX TPOMHUKOBBIX COEAMHEHUH.

Mocksa, 2023
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Ta6nuia 3 I'pymnribsl HArpy30K TPOitHHUKA

Cummertpust/
Haspanne Harpysku A

HTHCUMMETPHS
JlaBnenune C-C
Temmneparypa C-C
OceBbIe CHJIBI 110 TOPILY HITYIIEpa C-C
OceBbIe CHJIBI TI0 TOPILY MaruCTPajy C-C
W3rubaroniuii MOMEHT B MAaruCTPAJIU B INIOCKOCTH TPOMHUKA C-C
Wzrubarommii MOMEHT B IITYLIEPE B IUIOCKOCTH TPOHHHUKA C-A
MOMEHT B IITyliepe U3 INIOCKOCTH TPOWHHUKA A-C
Wzrubaromuyii MOMEHT B MaruCTPaIi U3 INIOCKOCTH TPOHHHKA A-C
KpyTsmmii MOMEHT B IITyLepe A-A
KpyTsmmii MOMEHT B MarucTpauu A-A

Puc. 45 Pacuémuwiti ppacmenm mpoiiHuka u pacnonodicerue oceti

X
Zi

B caywae wucCHonb30BaHUS HOAHOU Modeau  PACUETHBIN

(parmeHT

MpeaCcTaBisieT co0oi Lenblii  TpoWHMK. PacyérHas MOEIb CTPOUTCS IO

“KOHCONBHOW” cxemMe C Yy4y€ToM JaBleHus p U & rpymn

3HAYUMBIX

CaMOYPaBHOBCHICHHBIX TOPLEBLIX HAI'PY30K. ,HJ'IH IIOJIHOM MOJ€CJIN ITOM Cily4dae
BO3MOXCH pacqéT paauajIbHbIX KOCBIX TpOfIHI/IKOBBIX COGHHHCHHﬁ. Tlone Veon
OMKJIOHEeHUs om Hopmaiu B FeOMempuu uimyyepa CTaHOBUTCS aKTHUBHBIM.
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Mesnto Pacuer

Marepuan (TpoilHMKA, MArucTpaju, IITYHEPa, HAKJIAJAKH, CBAPHBIX
1IBOB)

JIyist mpocMOTpa U pelakTUPOBAHKS XapaKTEPUCTHK MaTepHraia (MaruCcTpaiy,
MTylEepa, HaKIaJKW, CBApPHBIX INBOB, IJIAKUPYIOLIErO CJOs) MpeIHa3HAYeHO IoJIe
Mamepuan.

ITocne nBoWHOrO Ha)kaTUsi Ha 3HA4YeK ‘‘“+” pANOM C TOJEM HY>KHOTO
MaTepHaia pacKphIBAIOTCs XapakTepucTiku Marepuainos (Puc. 46).

Puc. 46 Xapaxmepucmuxu mamepuana

Leet 1]
kMonune unpyrocTi ({Hra) 20oo0o kM
KoadgpuuMeHT MNuaccoHa 0.3

K.o3agduuMeHT niHeldHoro Temnepar 1e-005 1{rpan
MAoTHoCTE 0.00785 kT3

IToMumo  (U3MKO-MEXaHMYECKHX CBOMCTB Marepuaga TakKKe MOXKHO
HACTPOMTH LIBET Marepuaa Jyisi OTOOpaKeHUH B UCXOJIHOW MOJIEIH.

Puc. 47 [lons ons 6600a OCHOBHBIX 2e0MEMPUHECKUX XAPAKMEPUCIUK MPOUHUKA

MeoMETpHA MATUCTpanu

HapysHeA aaMeTp 325 MM
ITONWMHE CTEHKKM 13 MM
\MrkHE a00 [l
MeoMeTpHA UTYuepa

HapysHeA aaMeTp 219 MM
ITONWMHE CTEHKKM 7 MM
\MrkHE 300 [l
Hron dacku 45 rpan
M oNyWeHHEIR WTyLep Ia

AMHE NPONYWeHHOR JacTH 100 1M

Puc. 48 Jlonornumenvuvie napamempul 0ist 3a0a4u Menionpo8oOHOCIU

3anaua rennonposoanocty il =
TeMnepatypa Ha BHYTpeHHe#i mi 100 C
MNMapaMeTpus KOHBEKLUMWU

KoadpHUKMEHT KOHBEKLMK Ha MarucT 750 Br/m 2 C
TemMAepatypa cpenkl Ha MardcTpand 20 C
KoadpHMUMEHT KOHEEKUMK Ha wTyuef 750 Brim" 2T
TeMnepatypa cpeakl Ha WTYLepe 20 C
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Puc. 49 Jlononnumenvusie napamempnl 0151 MPOUHUKA C HAKIAOKOU

MeoMeTpWa HaKAanKu

kpkHz. 40
TonwWHa 7
dron gackM 45

iyl
iy
rpan

Puc. 50 /lonornumenvuvie napamempul 0t MpouHUKa ¢ msaHymou 2opao8uUHou

MeoMeTpUs ropaoBUHB
FPaauyc 20
BricoTa 100

MM
MM

Puc. 51 JlononnumenvHuie napamempsi 015 c8epiéHo20 MPOUHUKA C HEKOLbYEeBOl

30HOU
PﬂBHEpH HEKDﬂbLl,EBDﬁ 30HH
Moo= 487 5
Mo 487 5
Mo 2 4375

[y}
ulg}
ulg}
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Mesnto Pacuer

3akaaaka Cerka

Puc. 52 3axnaoxka Cemra

MapaMeTpbl MOASAN TPOHHUKA |

Owme CeTka | PacueTl

H Tun K3 OgonoueuHee CTK3
MepecedeHWe No cepedrHHoi noeer Ha
Nepenymepauna Katxunna-Makr [a

H MNapaMeTpy Nno yMonyaH1w Ia

KoadhHUMEHT CryweHus 1.1

KoadgchMupreHT Npu HadaneHom ware 0.1

KonuuecTeo K3 Ha 4eTeepTH wTyuef 16

Tun kpaeewx YcnoBuWi "Markme"

Ok I OTMeHa Cnpaexa

3aknagka Cemka COIEPXHUT TONSL Uil BBOJA [AHHBIX, BIUSIONMX HA
(hOpMHUpPOBAHHE CETKH.

Ecmu B mone Hapamemput no ymonuanuto BIOpaHO “ma”, TO mapaMeTpsl s
(hopMUpPOBaHUS CETKU BBHIOMpPAIOTCS aBTOMaThueckd. JIisi M3MEHEHUs] mapaMeTpoB
renepaimu K9-cetku ciienyer B nosie Ilapamempot no ymonuanuro BeIOpaTh «HETY,
HIOCJIE 3TOTO CTAHOBSTCS aKTHUBHBIMHU cieayrouue monst Koogguyuenm ceyuenus,
Konuuecmeo KO mna uemgepmu wmyyepa, Konuuecmeo K3 mna 2opnosume,

Kospguyuenm npu navanvrnom wacze.
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Kospgpuyuenm ceywenus — BelecTBEHHOE YHUCIO Ooibinee 1, ciemyer
YBEJINYUTh JaHHBIH KO3(GHLHMEHT Ui OOJIbIeH CKOPOCTH CTYIIEHUS JIMHHUI CEeTKH
BOJIM3H 30HBI COUJICHEHHMSI IITYIIEPa U MAaruCTPaJIH.

Kospdpuyuenm npu navanvnom wiace — BEUIECTBEHHOE 4YHCIO, OoJbliee
HYJIS, PEryJUpyeT pa3Mep HavajlbHOI'O Iara BOJIM3U 30HBI COWIEHEHUs IITylepa U
MarucTpaiu (B JOJISIX OT (Rh)llz). Ilo ymomuanuio paBeH (.2, peKOMEHIyeMBIi
nuana3oH 3uadenwii (0,1 — 0,2).

Bo3M0XXHO IpUMEHEHNE IBYX MUN08 KOHEUHbIX I/1EMEHIMO0G
— KpHUBOJMHEWHBIE oOomoueunsle KD cymepmapamerpudeckoro cemelcraa

(CIIKD)
— KpuBOJNHMHEHHBIE TpexMmepHble (oObemHBIE) KD m30mapameTpudeckoro
cemeiictBa (UITIKD)

B caydae npumenenus obGomoueunbix CIIKD s cBapHBIX TpOWHHKOB
BO3MOYKHO Pa3IMYHOE MOJAEIMPOBAHUE 30HBI IEpECcCeueHMs MAarucTpaid M IITylepa
(Puc. 53)

Puc. 53 Bapuarnmul nepeceuenus mazucmpanu u wmyyepa 0isi 000J104e4HbIX MOOeaell
CBAPHBIX MPOUHUKOS

Ecimm  moctaButh ¢maxok HampoTtuB [lepeceuenue no  cepeounHoU
nosepxnocmu, TO OyAET WCHONB30BATHCS BAPHAHT IEPECEUCHUS IO CEPeANHHOM
moBepxHoct (Puc. 53, a), nHade wucmomb3yeTcs ‘‘TOYHOE” MOMEITHPOBAHUE 30HEI
nepeceuenus (Puc. 53, 0).

B cnyuyae mpumenenust tpexmepueix MIIKD cnemyer ykasatb xoauuecmso
cll0€e6 no mouuHe B MaruCTpalld U HaKJaJKe.
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Mesnto Pacuer

Ilepenymepauus Kamxunna-Maxkku — 1iocie TeHepaiii pacuéTHON MOIenH
HCTIONB3yeTCst 00paTHbIM anroput™ Katxuimia-Makku Uid ONTHMU3AlUN HyMEpaLun
C LICJIBIO YMEHBIIICHUS IUUPUHBI JIEHThI MATPULIBI )KECTKOCTU. [IaHHOM ONLKEH CleyeT
HOJIB30BAThCS, €CIM NpU pacuyére OyAeT MCIOJIb30BaH NPSIMOM NPO(UIBHBIN METOA
¢axropuzanuu (CTAANO).

Kecmkue Kpaesvle ycnoeus — TOpIBI MarucTpald M INTyLEpa Kak Obl
3aKPBITHl «KPBIIIKAMW) KOHEYHBIX JJIEMEHTOB: MaTepHaj BOJIM3U TOPIEB TPOHHHKA
JleTlaeTcsl JKecTde, YeM MaTepHan OCTaJbHOro Kopmyca (MOAYNb YIpPYTrOCTH
YMHOXAeTcsl Ha  3aJaBaeMoe  Tonb3oBareneM 3HaueHue Koaghpuuyuenma
KOHmpacmuocmu).

Mazkue Kpaesble ycnoeus — TOPUbI CBOOOTHO Ne(GOPMHUPYIOTCS: MaTepHal
KOHEYHBIX 3JIEMEHTOB BONM3M TOPLEB TPOHHMKA TAaKOW e, KaKk MaTepual BCETo
TPOWHUKA.

st cBapHOro TpOMHMKA € HAKIAAKOH MPEAYCMOTPEHO NIBE BO3MO>KHOCTH
PpaboThI HAKIIAJKH:

— coemecmuas  padboma  HAKNAOKU  maucmpanu  —  IepeMelleHHs
KOHTAKTHUPYIOIIHUX Y3JI0B HIDKHEH ITOBEPXHOCTH HAKJIAJKU M Hapy>KHOH
MTOBEPXHOCTH MarrcTpaiy COBMAAAIOT (BKECTKasl CBsI3b 0 BCEH IMOBEPXHOCTH
KOHTAaKTa)

—  QJIBTEPHATHBA — HCECHIKO CEA3AHDL MOJILKO Y3716l N0 KPOMKE HAKIAOKU.

B cmydae BBOAa HeBEpHBIX (HEpEAIbHBIX) XapaKTEPUCTHK TPOHHMKA
BBIJIAETCSI COOTBETCTBYIOLIEE MPEAYNPEKICHHE.
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3akaaaka Pacuer

Puc. 54 3axnaoxka Pacuem

x

Ellﬁu.udel Cerra Pacuér |

teTon pacyéra MeTog conpakEHHER rpe vl
MNpegofycnaenHEaTEN: MNocnegoearensHan BepxHas
OTHOCUTENEHSA TOUHOCTE 1e-005

MpegeneHoe yucno WrepauMi | 1000

] I OTreHa |

Ilpamoun (CTAAHO) — npobwnpHed MeTon (Qakropmsamum. He
TpeboBareseH Mo ONEepaTHBHOW MamsTu (MCIOJb3yeTcs AMCKOBBIN (aiin),
HEAOCTAaTKOM  SIBIISIETCS  OTHOCHTENBHO  OOJjbIIoe  BpeMs  cuéra.
PexomMentyeTcs sl TOHKO- M CPEIHECTEHHBIX 000JI04EUHBIX MOJICIICH.

Ipamoit (MUMPS) — s¢dexTrnBHBIN MHOTOQPOHTANBHBIIN MPAMOI peraTesnb
CJIAY (MUItifrontal Massively Parallel sparse direct Solver). TpeGoBarenen
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Mesnto Pacuer

110 ONEPATUBHOM MaMATH, HO BpeMs c4ETa 3HAYUTENBHO COKPAIAETCS 10
CPaBHEHHUIO C MPSIMBIM NPO(MIBHBIM METOIOM (aKTOPU3ALUH.

— Ilpamou (PARDISO) — pekomenayemplii mpsimoii pemratens CJIAY
(Parallel Direct Solver) u3 6ubmmoreku Intel Math Kernel Library (Intel
MKL). TpeGoBareneH MO OINEpaTHBHOW MaMsTH, HO BpeMs cuéra
3HAYUTEIHLHO COKPAIAETCsI 110 CPABHEHUIO C MPSMBIM NPOGHILHBEIM METOJIOM
(axropuzanmu. JlaHHBINA TPsAMOI MeTOA, pa3padOTaHHBIN CIIEIHMANBHO IS
apxutexTypsl SMP (Symmetric multiprocessing), MO>KHO 0XapakTepu30BaThb,
KaK HCKIIOYNTENbHO d3(¢dexTuBHBIA. K cymecTBeHHBIM JTOCTOMHCTBOM
MEeTOoJa  CIeAyeT  OTHECTH  BBICOKYI0  TPOM3BOAMTENBHOCTH U
MacITabupyeMOoCTb.

- Memoo conpajxcénnblx cpaoueHmos — umepayuoHHbil METOJ U3 H3BECTHOTO
OTKpBITOTO MateMaTnueckoro makera PETSc (Portable Extensible Toolkit for
Scientific Computation — paspa6otka Argonne National Laboratory/MCS
division, CIIIA).

J1n1st uTepaimoOHHOTO METO/1a TOCTYIHBI CIIEAYIONINE NPen00yClIaBbIBATEIH:

— TlocnenmoBarenbHast BepxHsS pernakcanus (peKOMEHIyeTcs Jias O00BEMHBIX
mozeneit ¢ UTTKD)

— Henonnas ¢dakropuzanms XoJeKOro (PeKOMEHAYETCs T 000JIOUEHHBIX
moneneti ¢ CITKD)

3amaroTcs Takke mapaMeTphl BBIXOa U3 UTEPAIIMOHHOTO MpoIiecca:
— OtHocHuTeNnbHAsA TOYHOCTH
— IlpenenvHoe uucio urepanuit

Iocne naxkaruss OK 3amaya 3amyckaercsi Ha CHET, XOJA KOTOPOTO
orobpaskaercs Ha skpane (Puc. 55)
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Puc. 55 Ilpomoxkon xo0a pacuema

H Xop pacueta

BPEMSl HAUYANA: 17 : 04 : 16 =

PacyeT HAC TpoOWHMKA

<< CHMMMETPWUYHO-CHMMETPWYHOE HAIPYXEHWE >>
reHepauua K3-ceTKW W Harpysok

FeHepauua AaHHbLIX ANA pacyeTHOro MOAYNA
——————————————————— BBOA AaHHbIX----=-=-=-=———————-
HopmanbHoe 3aBepueHue

——————————————— CTaTMYECKUA pacyeT------—----—-—--
GopMMpOBaHWE MaTpuL, K3

©aKTOPU3aLMA MATPULL KECTKOCTH

DR TOPMSALMA MaTPMUB KECTROCTH 1770 1565

OTMEHE

[Tocne nHaxkatug Ha kHONKY OTMEHa Iporecc pacuyéra MmpekparaeTcst Korjaa
nporpamMma JOWJIET [0 OYEpeAHOW KOHTPOJbHOM TOYKH BBIBOJ OYEPETHOTO
cooOieHus Ha 9kpaH). [Ipu aToM nmporpamma 3aBepinaeT paboTy KOPPEKTHO, paboune
(aiinbl ynausrorest U3 padoueil TUPEKTOpHH. [ SKCTPEHHOTO 3aBEpIICHHs ITpoliecca
pacuéra HY)XHO HaKaTb Ha KPECTHMK B IPaBOM BepXHEM yriy okHa Xod pacuéma.
Iocne noarBepxknenust (Puc. 56), mpouecc pacuéra Oyner mpepBaH, OpH 3TOM BCe
BpeMeHHBIE paboune (aiibl coXpaHsTCs.

Puc. 56 Sxcmpennoe npepvisanue xoda pacuéma

B Y8uTb npouecc pacuéTa?

KD3-monmenn OpTOrOHaNbHBIX PaTUATBHBIX TPOWHHKOB. a) CBApHOW C
3aYUINEHHBIM MIBOM; 0) CBapHOW C HAKIAIOKOW; B) INTAMIIOBAHHBIA C TAHYTOW
ropioBUHOHN U aedopmupoBaHHOe (a) M HampspDKeHHOE (0) COCTOSHUS MPH 3aJaHHBIX
COYETaHMAX HATPY30K, pacdueTHas TPyIiia HAmpspKeHuid (B, aTam 3, rpymma (Oar)k)
TpoiiHukoBoro coeaunenus (Puc. 57, Puc. 58).
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1) c8apHOIL C
i1 ¢ mAHYmotl

UHUKO6.d

Puc. 57 KO-mo0enu opmo2onanbiblx paouaibHblx mpo
3AUUUEHHbIM WEOM,; 6) CEAPHOU C HAKNAOKOUL, 8) WMAMNOBAHHbL

2Oplo6UHOU

Tpexmepras modens

Obonoueynas mooens
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Puc. 58 Jlechopmuposannoe (a) u nanpsicennoe (6) cocmosnus npu 3a0aHHbIX
COYEMAaHUsX HA2PY30K, pACUemHas 2pynna Hanpsidicenuil (8, sman 3, epynna (caF)K)

MPOUHUKOB020 COEOUHEHUs

cana 1003
o w3 ACTPA-HOBA (3man 3)
Fe ua nscKocau mpoduina (AL

wanpramuus Savd (Bepxine o
wacpa ua ACTPA-BOBA {Swan 3)
e 53 meccrochu apotas (A-C)

Jeuwan nobepxHomau)

Tpubegemes uenpremwun Tpunpa 4

58
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Pacuer Tpoiinnka ¢ y4éToM miacTu4eckux aedopmanmii

MapaMeTpbl MOAENW TPOMHKMKS (C YYETOM NNACTHYECKMX AedopMaLmia)
Pac4eT TPOMHKUKA (C YYETOM NNacTUYECKIX AedhOpMAaLIMii)

Tun 3neMeHTa »
Bua 3agaqm »

B cnyuae BeIOOpa myHKTa Pacuém mpotinuxa ¢ y4émom HAACUYecKux
Odeghopmayuii ToCNe 3alaHWM BCeX HEOOXOMUMBIX IapaMeTpoB B MPOMCXOIUT
aBTOMaTHUecKash TeHepalus paluoHATbHOM pacueTHOHM MOJENU  mpouHuKa
BBIOPaHHOTO THINA M MOCIEAYIOIUI pacuéT Ha BHYTPEHHE JaBIICHHE C YYETOM
TUTACTHYECKUX e(OpMaIHid.

Jns pacuéra ¢ y4€ToM IUTACTHYECKHX JedopManuii TOCTYIHBI CleIyONe
MOJIENTN MaTepuana;

e  OWIMHEWHOE M30TPOITHOE YNIPOUYHEHNE

®  MYJBTHIMHEHHOE N30TPOITHOE YIIPOUYHEHHUE

ITpu BBIOOPE OUITMHERHOTO N30TPOMHOTO YIIPOYHEHHs MaTepuana B okue [lapamempol
Modenb mpotnuka HEOOXOAMMO JONOJHUTENBHO 3a/aTh CIEAYIOUINE [apaMeTpPh
matepuanos (Puc. 59)

®  [peles TEKYYeCTH

®  TaHrEeHIMALHBIA MOIYJb YIIPYTOCTH

Puc. 59 IHapamempor mamepuana 0ns GurUHEHO20 U30MPONHO20 YNPOYHEHUS

= I

Leer I
toayne ynpyroctu (HKOHra) 200000 ImE
KoacegHuKMeHT MNyaccona 0.3

KO3 MUMEHT AMHEeRHoro TexnepaT 1e-005 1/rpan
MnoTHOCTE 0.00785 kT3
tonene maTeprana BUNMHERHOE HEZOTRONHOE
Mpenen TEKYYECTH 3334 ImE
TaHreHUMankHelA Moayne ynpyrocte| 400 tAMa

Jnst mynbTrinrHeitHOro n3orponHoro ynpounenus (Puc. 60) HeoOxoanmo no
TOYKaM 3aaTh MCTHHHYKW Tuarpammy aeopMUPOBaHHSA 6 — € B OKHe Juaspamma
oepopmuposanus (Puc. 61).
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Puc. 60 [Tapamempor mamepuana 05t MyTbMUIUHEUHO20 U30OMPONHO20 YRPOUHEHUS

EMarepuan |

Uger |
hoayne ynpyroctu (KHra) 200000 MMa
KoaddkumweHT MNyaccoHa 03

KoaghUUMEHT NMHERHOrD TeMnepaT 1e-005 1/rpan
MaoTHOCTE 0.00785 kT3
hMonene MaTepuana MUNETHAMHERHDE MZ0TRO
MNuarparMa AedopMHpOBEHKA JanaHa

Puc. 61 Oxno JJuacpamma depopmuposanus

EH Qmarparma gedoprpoBaHiaa — |EI |i|

[ [N [Eps  [sig.mna | ;l _|
|1 000314 3394
| |2 [0.0174 |339.4 M= charfina |
|3 noeaq |336
|4 00384 4133 B sein |
5 00694 |4552
|6 00994 |47E2
7 01334 4849

Mpadguk |
ovana_|

OKHO CONIEPKUT TAOIHITy CO CIEIYIONIMH TapaMeTPaMHu:
e Ne — HOMEp TOUKH;
e Eps—3nauenue nedopmamnmii;
e  Sig — 3HaYeHME HAPSHKEHHMI;

Jlo6aBuTh M yJamUTh TOYKM MOXHO C IIOMONIBIO KHOMOK + U —,
PacIoyoKEeHHBIX B [TPAaBOW 4acTh OKHa Juazpamma oeghopmuposarnusi. MeCTo BCTaBKH
HOBOHM TOUYKM yKa3bIBaeTCs ITyTEM IEPECTaHOBKH B HYKHOE MECTO Kypcopa B BHIE
TPEYTOJIbHUKA C JICBOT'O Kpasi TAOJHUIBI OKHA JJuazpamma oeghopmuposanusi.

Knonka /3 ¢paiina mo3Boisier BBECTH IuarpamMmy JeGOpMHUpPOBaHHS U3
TekcToBoro ¢aiina. [Ipn momomm KHONKM B ¢haiin MOXXHO COXPaHWTH IHarpaMmy
nepOopMHPOBaHUS B TEKCTOBOM (paiiie.

TeKkcTOBBIA (aifl CONEpKUT IBE KOJOHKH duceNl. Uucia B CTPOKE MOTYT
paszensaThes mpodenaMu, MO0 TadyIsIueii.
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0.003140--- - 339.409
0.017400--- - 339.409
0.029400--- - 363.609
0.039400--- -~ 413.309
0.069400--- - 455.2-9
0.099400 ~ 475.29

0.13940- -~  -484.99

Touka c nyneBoi nedopmanueld He 3amaércs. [lepBast Touka AMarpammbl
JOIDKHAa OBITH 337aHa TakuM 00pa3oM 4YTOOBI OTHOIICHWE HANpsDKeHHH K
nedopmanmsaM 3a1aHHBIX B 3TOW TOYKE OBIIM paBHBI MOIYIIO YIPYTOCTH MaTepHaa.
Hanpspkenne B epBoii TOUKe AMArpaMMBbl TOJDKHO OBITH PaBHOO IMPEAEITY TEKY4eCTH
MaTepuana.

Kuomnka I paghuk mo3Bomnser oToOpa3uTh rpaduk BBEAEHHON JHATrPaMMBI (CM.
Puc. 62). Jlns npexitoueHns B TAOIMYHBIA PEXUM CIIeAyeT HaxaTh KHONKY Tabauya.

Puc. 62 Oxno Juazepamma oeghopmuposanus (I pagux)

Bl avarparma nedopripoBaHiia _ |EI |i|

-] [
400 _///_ Ma¢awna|
E 300 4 Eicpal‘&ﬂ |
=
t.%j 200
100
D_ T

0 002 004 006 008 04 012 014

(0]'4 | OTrHeHa |

Ecnu npu pacuére mocturHyTa nedopMaiys MpeBbIIaloIias MaKCUMaIbHYO
neopmanmio B aMarpaMme, TO  MCHOJB3YETCSl  3HAUEHHE  HAIPSOKEHUS,
COOTBETCTBYIOIIEE MTOCTEIHEH TOUKEe AuarpaMMbl
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B0O3MOKHO 3a/1aHK€E JIByX BUIOB Harpy30K
e  JlaBnenue (Puc. 63)
e [IpousBonbHas Harpy3ka (Puc. 64)

B caywyae wucnonb3oBaHUS INPOM3BOJIBHOM HAarpy3KM BO3MOXKEH —YUET
HONepeyHbIX cuil. 71 3TOro B IIyHKTE Yuém nonepeynvix cui Hago BbIOpats Ja.

Puc. 63 Obwue napamempor mpoiinuka 0nst pacuéma ¢ y4émom niacmudeckux
degpopmayuii (Oasnerue)

MapamMeTpbl MOAENM TPOHMKA x|

OBwe | CeTKaI Pacugt |

Campriori 5l
YuéT nonepeuHwx cHn HeT

H Matepuan Maructpanu

H Matepwan mtyuepa

B Meometpus maructpanu

Haps#HeR OMameTs 3k0 MM
TonuMHa CTEHKK 33 MM
[kHa. 38R MM
H Meometpus mtyuepa
Hapy#HuIA onareTp 330 MM
TonuuHa CTeHKK 228 MM
niHE. 340 MH
MponyweHHEIA WTYUep Het
Mnakupywmuia cnoi HeT
H CeapHue web Het
TeMneparypa Ha BHYTpeHHeR Ny 285 c
HHarpyzra NaeneHue
FafSouee naeneHue 8.73 MMa

DK I OTMeHa
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Puc. 64 Obwue napamempuvl mpoiinuxa 0is pacuéma ¢ y4émom niacmudecKux
Odeghopmayuii (npouszeonvhas HazpysKa)

MapameTpbl MOAENA TPOMHVIKA x|

Ofwme |CBTKE[| PacuéT'

Bua TpoiHuMka CeapHoR
HuET nonepeuyHHx cHA Het

H MaTtepuan marucrpanu

H MaTtepuan wtyuepa

HIlNeometpua marvcTpanu

Hapys#HEIR ouameTp 611 MM
TonWMHa CTEHKK B MM
MrkHa 1700 1]
HMNeometpua mryuepa
Hapy#HEIR AvareTp 325 MM
TonWMHa CTEHKK B MM
OnuHa 0 MM
MNnakupyowuii cnoi Het
H |CeapHue wew Her
Temneparypa Ha BHYTpeHHe#H mi|l C
B Mpovssonsras =
FPenakTHpoEaTE »>

oK I OTtMeHa

Ilpu 3agaHuK TPOM3BOJILHOW HAIPY3KM BO3MOXHO KaK HCIOJIb30BAHUE
Harpy3ku, umnoptupoBanHoii 3 ACTPA-HOBA (Puc. 65)., tak u eé 3amanue
BpyuHyto (Puc. 66).
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Puc. 65 JJuanoz ons sadoanus npoussonvhoil nazpysiu (nacpysxa uz ACTPA-HOBA)

x|
Tun Harpy

 Eatrmanas (MH. MHT, M)
( 3anaeaeman

IBTaHZ ﬂ
(" Vlz ACTPAHOBA (CEFICM)  Konuuecteo Touek-1 Homep sekTopa
[Bosnevicreve Nt cnexrp

] If =

BHuTpenHee nasnerne [8.73 MMa

Mepenaa ternepatyp |0 rpaa

Criinel Ha Topuax (kH)

— MoMEHTEl Ha TopLEX (KH*H)
Fx Fy Fz Mx My Mz
1 |u |n |—4 561 1 |—4 028 |u929 |zz711
2 |EI |[| |4 502 2 |1 734 |—9 942 |22 a7
3o [32.739 0 3 [2295 9.013 -45.128
e e | #

MPUMEUAHUE: Bee cubi M MOMEHTEI 38AGHSI B CHETEME KaORAUHAT TRORAHIKE
(2'- No MArMCTRaNK, V' - N0 WTYLEPY, x' - M3 NADCKOCTH TROAHMKS)

MpoBEpKa Ha paBHoBBCHE

Puc. 66 /uanoe ons 3a0anus npou38obHOU Hacpy3Ku (Haspy3Ka 3a0aémcsi 8pyYHyIo)

64

Harpyska |
~Tun arpy
" Enunnuaran (MH, MH. MMa)
@ Jogaeaeras
(" Vi3 ACTPA-HOBA (CTAL)
ISIanZ LI
Vs ACTPAHOBA (CEPICM)  KonuuecTeo Touek-1 Homep eexTopa
[Bazaencreme M cnekrp = =
BHUTpEHHeE AsEAEHYEe [B.73 MMa
Mepenan TeMneparyp (0 rpaa
CWAsl Ha Topuax (kM) MoMeHTel Ha Topuax (kH*M)
Fx Fy Fz Mx by Mz
1 |n |n |—4 561 0.929 22711
2 |n |u |4 502 2 |1 734 |—a a42 |22 17
3 |u |-32 739 |u 3 |2 235 |9 013 |—45 128

MPUMMEYAHIAE: Boe cunel U MOMEHTE S808HE B CUCTEMS KOORAMHAT TRORHUKE.
(2'- N0 MArMETPENW, ' - N WTYUSAY, ¥ - W2 NNOCKOCTH TRORHIKE]

Mposepka Ha pasHosEcUe
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s pacuéra TpoHHHKA C yYETOM IUIACTHYECKUX AeopManuii He0OX0IuMO
3aaaTh crnenytomue mapamerpsl (Tabmuna 4) B 3aknanke Pacuém (Puc. 67)

Puc. 67 Hapamempor pacuéma mpoiiHuka ¢ yuémom niacmuieckux oegpopmayuti

MNapamMeTpbl MOZAENM TPOKMHMKA x|

'Oﬁu.u«iel CeTka Pacqer |

H|Cratuka

Tun pacdeTa C yUeToM NNacTHYeCckKx 1
MeTon pacdeTta Mparoi (FARDISO)
MpenoSycnaenMeEaTENE MocnenoBaTENEHAA BEPXH
OTHOCUMTENEHESA TOUHOCTE 1e-005
[MpenensHOe YWCND UTepaLui 1000

H HeauHeliHui pacuéTt
teaTon |MDJ:LM¢H|_LMpDBaHHb|L71 HetaTor
KonWuecTED Waroe No Harpyske 10

OTHOCUMTENEHEA TOUHOCTE 404 0ocTW| 1e-007
OTHOCMTENEHEA TOYHOCTE AnA nokan 1e-007
hd@ke. KONMYECTED MTepaUME oo paet 1000
CornacoeaHHas ynpyro-nnactyideck da

hacwTas 4na Harpy=ok 1
Sanucek peayneTaTos 3anqck NoCNeaHero Wars,
ar sanmcum 1
H Bueon B TeKCTOBHA pakin
Cx00HEIE O@HHEIE Ha
PeayneTaThl Ia

(o] 4 I OTreHa,
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Tabnuna 4 [TapameTps! pacuéra ¢ yuéToM IiacTuueckux aedopmanuii

Meton

MomudunupoBanHslii  Meton Hviomona-
Pagpcona vnu memoo Horomona-Pagpcona

KonudecTBo 1maroB mno Harpyske

Konunuaectso 1IaroB., Ha KOTOpOE
pa30uBaeTCs MIACTHYECKAsl YaCTh HATPY3KU

OtHocuTeIbHAs! TOYHOCTD a0
JOCTUIKEHHUA PaBHOBECUS

OtHocuTeIbHAasT TOYHOCTh JJ1d  HEBA3KU
Harpy3K IUis TJI00aJIbHOTO UTEPAIJHOHHOTO
mpolecca Herotona-Padcona J0
JOCTIKEHUsI paBHOBecws. B cimywae, ecnn
OTHOCHUTENBHAss HEBs3Ka 10  Harpyske
CTaHOBHUTCSI MEHBIIE 33JaHHOTO 4YHCIA,
HUTEpALlMOHHBIN

OTHOCHUTENBbHAS TOYHOCTD AJIS
JIOKaJIbHOM npouenypsl HetoToHa

OTHOCHUTENBbHAS TOYHOCTH AJS JIOKAJIBHOU
npouenaypsl HploTOHa- peImIeHHs CHCTEMBI
HEJIMHEWHBIX  YpaBHEHMM B METOZE
panuaIbHOro BO3BpaTa

MakcuManbHOE KOJIMYECTBO UTEpALMN
JI0 TOCTHKEHUS] PAaBHOBECHS

MakcuManbHOE KOJIMYECTBO UTEpALUM ISt

r700aTbHOTO  MTEPAllMOHHOTO  Ipolecca
Herorona-Padcona bi (o) JTOCTHIKCHUS
paBHOBecus. B cioyuae  mpeBBILICHMS

KOJIMYECTBa UTEpaIMil 3aJaHHOTO 3HAYECHHUS
UTEPAIMOHHBINA MPOIECC OCTAHABIMUBAETCS C
IUATHOCTHYECKUM coo0IeHreM “3agaHHast
TOYHOCTh HE JOCTUTHYTa”

CormacoBaHHas Marpuna

Hcnonp3oBatek WM HET COTJIaCOBAHHYIO
Marpuny JUIsL MOCTPOCHHUA MaTpulbl
KacaTelIbHOH KECTKOCTH

Macmtad ayist Harpy30K

MacmtabHbli K03 PUIMEHT A1l Harpy30K

Meron pacuéra

Meton pemenus CJIAY. Pexomennyercs
npsimoii pemmatens PARDISO.

3ammce pe3yabTaToB

B03MOXKHBI ClIeTyOIIHE BAPUAHTHI:

-3anuce MMociIeAHEro mara

-3ammch KaXkaoro mara

-3amuck kaxaoro N-ro mara (mmar 3amucu
3a/1aéTCs B TIOJIE HIDKE)

BriBo B TEKCTOBEII (haiin

IIpu3Haku BbIBOA B TEKCTOBBIM (haiii
HCXOJHBIX TaHHBIX U PE3yJIbTATOB pacuéra
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Mesnto Pacuer

Pacuer Tpoiinnka ¢ yuéToM aBTO(ppeTHPOBAHUSA

B cnywyae BbiOOpa mnyHKTa Aémodpemuposanue TOCIE 3aqaHUS BCeEX
HEOOXOAMMBIX ITapaMeTPOB MPOMCXOAUT aBTOMATHUECKas IeHepalus palroHaIbHOU
pacyeTHOH MOJENN mpouHuKa BBIOPAHHOTO THIIA M TOCIEAYIOUMHA pacuér Ha
BHYTPEHHE JIaBJIeHHE C yYETOM YIPYyToIUIACTUYECKOTO ITOBEJCHHUS MaTepHaa.

B menro Pacuém HEoOX0qUMO yKa3aTh BHJ 33adu — Aemoghpemuposarue
(Puc. 42)

B otkpeiBmemMcs okHe [lapamempwi modenu mpotinuxa, Bknanka Oobwue
BBIOpaTh MOJIETIh MaTepralia Juisl ITyIepa ¥ MarucTpain B Moodens mamepuana:

x|

OBume |CBTKEI| Pacue'rl
Bun TpofiHuka CeapHoR

B
Leet I
hMonyne ynpyrocTw (HHra) 200000 kMa
KoagaHupeHT MyaccoHa 0.3
KosthebMUMEHT NUHEelHoro TeMnepar| 1e-005 1/rpan
MAaTHOCTE 0.00785 kT3
Monene MaTepuana MHERHEA

H Marepuwan wmtyuepa
LUeeT
hMonyne ynpyroctw (HHra) 200000 kMa
KoagaHumenT MNyaccona 0.3
KO3t hHUMEHT NHHeAHoro Temnepart| 1e-005 1/rpan
MAaTHOCTE 0.00785 KT/M"3
Monene MaTepuana MUHERHER

B [reoMeTpus MarucTpanu
HapykHeR apMameTh 0.325 M
TOMWHHE CTEHKKA 01 &
AnunHa 0.7545 M

H[Neomerpus wtyuepa
HapyiHeld avarmeTp 0214 H
TONUKMHE CTEHKM 0.09 M
OnuHa 0.5005 H
MnaxupywwMi cnoi Het

H|CeapHHe wew Her
TemnepaTtypa HA BHYTpeHHeH n( 100 C
[aeneuve asTogppeTHpoeanua |0 kMa
PaGouee naBneHue 0 &

Ok | OTreHa |

3amaroTcs mapaMeTpbl MaTEpPUaIoB U pacuéTa aHAJIOTUYHO MapaMeTpaM Jist
Pacuéra Tpolinuka ¢ y4éToM IUIacCTUYECKUX aedopMaruii

Kpome mnapamerpoB Matepuana B OKHe [lapamempwi modenu mpouHUKa
HE00XOMMO TaKXK€ 3a7aTh JaBIICHHE aBTO(PETUPOBAHHS U pabodee TaBICHUE
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Pacuer Tpoiinnka (npeaeJbHas Harpy3Ka)

B cnyuyae BeIOOpa nyHKTa Pacuém mpouinuka (npedenvhas Hazpy3Ka) 1ocie
3alaHUus BCEX HCO6XOI[I/IMI)IX nmapaMEeTpoB IMPOUCXOAUT aBTOMATHYCCKas I'CHCpalusd
palMoOHATLHOW pacueTHOW MOJENH mpouHuKa BBHIOPAHHOTO TUIA W TOCIETYIOIINN
pacyér  Ha  ONpeAeJeHHE  IpPEIeTbHOTO0  BHYTPEHHETO  JaBJCHUS IS
YIPYTOIIACTHYECKOTO MOBEICHHS MaTepuara.

B w™ento Pacuém HeoOXxomuMmo yka3aTh BUI 3amaun — OmnpedeneHue
npedenvrou nazpysku (Puc. 42)

3amaroTcs mapaMeTphl MaTepuaioB W pacuéra aHANIOTHYHO IapaMeTpaM Iiis
Pacuéra Tpoiinuka ¢ yu€ToM macTuyeckux Jedopmaiuii, a Takke MaKCUMalbHOE
BHYTpPEHHEE JIaBJeHHE (BMECTO pabodero JaBleHHs). 3aHaETCs TOCTATOYHO OOJIBIIOE
KOJIMYECTBO IIIaroB 10 Harpy3Ke It mocTpoeHus rpadukos (mopsiaka 50 maros) (Puc.
67, Tabmuma 4)
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Mesnto Pacuer

IMapameTtpol Moaesu (pacuer) 0TBOAA

B cnyuae BwiOopa myHKTa [lapamempuvr modeau omeooa TPHU HAKATUU
kHonkd OK mpouCcXOAWUT aBTOMATHYECKas TeHEpalus palMOHAIbHONH pacyeTHOM
MOJIENT OTBOJAA — cHYMOo20 WU cekmopHozo. IIpu BeIOOpe myHKTa Pacuem omeooa
MPOUCXOTUT 3aIycK CTaTHYECKOTO pacueTa JUTS CTCHEPHUPOBAaHHOMN
KOHEYHOIJIEMEHTHON MOJISITH.

Puc. 68 O6wue napamempuvr omeooa

pocveromons——— Elfllbacerorons &
lecmeTpuA oTEOAA | Ee‘rKaI Pacqe’rl lecmeTpua oTEcAa | Ee‘rKaI F'acqe’rl
Bun oteona [ HYTEIA ll Bun oTeona CexTopHeI ll
H lNeomerpua oreona H MNeomerpua oteona
Pagmyc 055 t Pagmyc 0.55 t
Yron packpemua a0 rpag Yron packpemua a0 rpag
HapysHeli guaretp 0.325 1 HapysHeli gHareTp 0.325 1
TonWwMHa CTEHKM [MUHMManeHas 0.016 1 TonWwmHHa CTEHEW 0.0E 1
TonwmHa cTeHkM [Makcuranet: 0016 1 K.onuiecTeo cerumi 5
A ANMATHYHOCTE CpegHero ceyeH 8 4 JlnHHa KOHLEEDrO CeKTOpa 0 1
JlnHa Nparoi yacT 1] 1 JnuHa npormeskyrouHoro cexktop 0 4
HH Marepuan oreona JlnuHa nparmoil yactu 1]
Maakupyiowwii caoi Her H Marepuan oreona
Temneparypa Ha enyrpenn 100 C MNaakupyowuia caoh Her
Japava TennonpoeoaHocTH Her Temneparypa Ha sayrpenne 100 ‘C
3anava TennonpoBogHocTH Her
ak. I OTreHa | Crpaeka | 0K I OrraeHa | Cnpaeka |
3aK.Ha,I[KI/I Cemxka u Pacuem COOCPKUT 3adaBa€MbIC IMapaMeETPHI,

AHAJIOTUYHBIC PAHEE OIMMCaHHBIM JIsA TpOfIHPIKOB.
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Puc. 69 Ilapamempwi cemku mooenu omgaooa

Pacuyet oTBOAA E I

leomeTpuA oTeoa  CETKa | F'ac:ue’rl

MepeceyeHue No cepeauHHoil noge Het
H Napamerpu no yMoayaHdo Ha
Fume P HUMEHT CryLLEHHa 1.2

K. eHUMEHT NP HaYansHoM war 0.2
Komuuecteo K3 no okpysHocTi Ha | 16

H Konuyecrso cnoes no Tonmwmr

B taructpand 1

Tun KpaeBLIX YCADEHRA "Markue’

Ok I OTreHa | Cnpaska |

Puc. 70 Koneynosnemenmunas mooenb 2Hymo2o omeood

Iegopramuu (Hacumas 1)
Hozpusanius SquHRHHHS GaKnomE
Tasasmue (C-C)
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Mesnto Pacuer

Puc. 71 Hanpsiscenno-oegpopmuposannoe cocmosinue 2uymo2o omeood

BreuBaseHnyoe Hanpaxenus (Tpecka) SeHe (BEDEHAR U HWKHAK DOBEDEHOCIU) M=
Hazpyxeoouue gumiumsie d=xnops

Puc. 72 Koneunosnemenmuas mooenb ceKmopHo20 0meood

Oedopuauuu (Hacumas 0.001)
Hazpusaiuus SgUHWUMHES GaKIODH
HzzuSanwuld HomsHm Mx B naockocmu omgoga (C-C)

Mocksa, 2023
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Puc. 73 Hanpascenno-deghopmuposannoe cocmostue ceKmopHozo omeood

L/ACTPA-CTAJMO - [ELB_1_12.ast] - =[]

X0 @I 1 mE

0= a2 %
Bréubasermios Hanpawerue (Tpecka) SonB (BEDEHAA U HWKHAA nOBEpXHOCTY) Mo
Hazpgiamiiue SguHuTHiE 4arnope ST

HazuBawuul sowsim Mx 6 niockoonu onBoga (C-C)
109404 .41

99753 .89
9010338

[ L —

(a7 sy C Tey

T N3BHLIE HAMpAKEHHA 80452.87

~ 51 53 70802.36
61151 .84

(¢ Sake [Tpeckal " Sake [Musec]

5150133
4185082
3220030
2254979

Cepenurian nosepriocTs
(-] sy Ty

[ naBHEIE HANPAKEHHA

51 <53 12899.28
3248.77

£ Saks [Tpeckal £ Saks Musec)

T

C Ty

T8, MPUBEAEHIA HAMPAKEHLATL B TONK 3% UHTENPUPOBAHIA B Y3kl

ICytMPOBAHIE C BECAMM N0 TOMKAM UHTErDUPDBaHYA =
0508 OEpeaHeHiA o yonan

Cpeaves spudmeritieckos =~

10K &% HaMpAEHU
o bcex K3 -

¥ H30n4HAM Ha A2 POPMUPOBAHHON Cxene

Omera

B cnywae BbIOOpa myHkTa [lapamempwr KO-modeau komnencamopa TpH
Haxkatid KHOmkH OK mpomcXoauT aBTOMaTHYecKas IeHepalus pacdeTHOH MOJIEIH
JINH30BOTO/CHJIb(OHHOTO KOMIIEHCAaTopa, B Cilyyae BbIOOpa myHKTa Pacuem
KoMneHcamopa — JONOJNHUTEIBHO K  9TOMY  IIPOMCXOMWT  3allyCK  pacyera
Cr€HepUPOBAHHOI pacueTHOM Moieny.
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Mesnto Pacuer

Pacuér oTBOAA ¢ y4éTOM IJIACTHYECKHUX AedopManuii

MapaMeTpbl MOAENM OTBOAA (C YYETOM NNACTMYECKUX AedhopMaLiiil)
PacyeT oTBOAA (C YY4ETOM NNACTHYECKMX AedopmaLmia)

Tun 3neMeHTa »
Bua zagaqu »

B cnywgae BeiOOpa myHKTa Pacuém omeoda ¢ yuémom naacmMudecKux
Odegpopmayuii TOCIE BBOAA BCEX HEOOXOAWMBIX TIAPAMETPOB  MPOUCXOIUT
aBTOMAaTHUECKas TEHEpalusl PalMOHAIbHOW pPAacueTHOW MOJAENM THYTOTO OTBOJA U
MOCTIEAYIOMUN pacu€T ¢ y4€ToM IutacTH4Yeckux nedopmamuid. IIpum 3TOM TOIDKHEI
ObITh JOCTYMHBI pe3ynbTaThl 3Tana 2 3 ACTPA-HOBA. B ciydae ux oTCyTCTBHUSA
HOSBIISCTCS MPEIYIPEXKICHHUE.

asrasd x|

I, OTcyTcTBYIOT peaynsTaThl pacyéTa Ans paboyero CocToaHMs!

Jns pacu€ra oTBoja ¢ y4€TOM IUTACTHYECKUX AedopMaiid J0IKHa OBITh
BbIOpaHa MOZIeb MaTeprala 0TBOJIA U IIAKMPYIOIIETO CIIOSI IPU €ro HAINYUS.
B nacrosimem penuse goctynHa OmimHelHas ¥ MyJIbTHIMHEHHBIC MOJIETM MaTepraia
C M30TPOIHBIM YIPOYHEHHEM.
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Puc. 74 Obwue napamempsr omeoda 014 pacyéma c y4émom naacmuyecKux
Odechopmayuii

ﬂ

O6wme | CeTka | Pacuér |

Bwn oteona THy TeIA
Nonxan Monens Na
H Neomerpwna oteona
Pagwnyc 550 MM
Y¥Ton packpeITA 90 rpan
HapyxHeii anametp 325 MM
TonwwWHa cTeHKW (MUHMMENEHEA) 16.1 MM
TonwWHa cTEHKKW (MaKcKMansHanA) 16.1 MM
SNAMATMYHOCTE CPeOHero cedenma |8 %
[nHa NpAMoi yacTK 0 MM
H Matepuwan oreona
MNnakmpyommii cno# Het
TeMnepaTypa Ha BHYTp e m 100 ‘C

OK I OTMeHa |

Hnst pacu€ra ¢ y4yéroM IutacTUdeckux aedopmanuii HeoOXOJUMO 3alaTh
cnenyronrue mapameTpsl (Tabnuma 4) B 3akianke Pacuém (Puc. 75)
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Mesnto Pacuer

Puc. 75 lapamempwr pacuéma omeoda ¢ yuémom niacmudeckux oegopmayuii

MapameTpbl MOAESNM OTBEOAA il

-OEiIJJ,HEI Cetka Facdqér |

H|Crartuka
Tun pacJyeTa

hMeTon pacHeTta Mparoi (PARDISO)
[MpeaogycnaenyMeaTent [MocnenoeaTensHas Bepxk
OTHOCUTENEHEA TOUHOCTE 1e-005
MpenensHoe YMCN0 UTepaLMi 1000

B HenuHelHwi pacuér
tMeTtogn MooMpHUHpoBEaHHER Het
KonuuecTED Waroe no Harpyske 10

OTHOCMTENEHEA TOYHOCTE 004 nocT9 1e-007
OTHOCUTENEHAA TOUHOCTE Ana nokan 1e-007
Makc. KonWuecTeo MTEpaUMi 4o paey 1000
CornacoEaHHasa Unpyro-nnactideck| Oa

MecwTas ona Harpyzokx 1
Januce pesyneTaTos Januce NocneaHero wara
War zanucu 1
H BuBoA B TEKCTOBHA daiin
MCx0OHEIR O8HHEE Het
Pezynetate Her

] | QTHEHE

Pacuér oTBOa (IpeaebHAst HATPY3Ka)

B cmyuae BriOOpa myHKTa Pacuém omeoda (npedenvHas Hazpy3ka) TOCIE
3a7aHKs BCEX HEOOXOIMMBIX MapaMeTpoB IPOMCXOJUT aBTOMAaTHYECKas TeHeparus
palMOHAIBHON pacyeTHOW MOJAENH 0m600d BBIOPAHHOTO THIIA M IOCIENYIOIIU
pacyér  Ha  OmpeAe]eHHE  IpPEeIeIbHOrO0  BHYTPEHHEro  AaBJEHUS I
YIPYTOILIACTHYECKOTO MOBEICHHS MaTepuara.

B wmenio Pacuém HeoOxXommMmo yKazaTh BHUI 3amaunl — Onpedenenue
npedenvroi nazpysku (Puc. 42)
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3amaroTcs mapaMeTpbl MaTEpPHUaIoB W pacuéTa aHAIOTHMYHO TapameTpaM I
Pacuéra orBojma ¢ yué€ToM IuiacTHyYeckux JieopManmii, a TaKkKe MaKCUMalbHOE
BHYTpEHHee JaBiieHue (BMecTo paboyero aamieHHs). 3a1aéTcs JOCTATOYHO OOJIbIIOe

KOJIMYECTBO IIAroB MO HArpy3Ke /Ui mocTpoceHus rpadukos (ropsaka S0 maros) (Puc.
67, Tabmuma 4)
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Mesnto Pacuer

IMapameTpbl MoaeH (pacyer) KOMIIEHCATOPA

B cnyuae BeiOopa nyHkTa [lapamempol Modenu Komnencamopa pyu HaKaTuu
pacdyeTHOil  Mopenu
B choydac BbeIOOpa myHKTa Pacuem KoMneHcamopa
JIOTIONTHATEIHFHO K 3TOMY MPOMCXOIHUT 3allyCK pacyeTa CreHEPHPOBAHHOW pacueTHOM

KHOITKH

OK mnpoucxoaur
KOHUYECKOTO TIepeXxo/a,

aBToOMaTHh4YCCKas

TeHepanud

MOJCIIH.
x|

Otwme |Cen(a| PacuéTl

H MaTtepwan nuHz
Uset | |
Mooyne ynpyrocTw (Kxra) 200000 MMa
KoadgmnumeHT MNMyaccoHa 03
KoadibrumeHT nvHedHoro TemMnepart 1e-005 1jrpan
MnoTHoCTE 0.00785 KT/m™3

H[reomeTpwa nnH3
HapyXHblA onaMeTp BHEWHWA 420 MM
HapyHbIA onaMeTp BHY TPEHHWA 273 MM
TonwMHa CTEHKK 7 MM
Pagmyc conpmxeHna 30 MM
KonuuecTeo nuHz2 3

[=lMaTepuan NpUMLIKaLMX TPY6
Uset L |
Mooyne ynpyrocTtu (HHra) 200000 MMa
KoadgmnumeHT MNMyaccoHa 03
KoaddnumreHT nuHeiHoro TeMnepat| 1e-005 1/rpan
MnoTHoCTE 0.00785 KT/m™3

H NeomeTpma npumMe TpY6
HapyxHuiid onameTp 273 MM
TonwMHa CTEHKK 8 MM

OK I OTtMena
3akmagku Cemka w Pacuem copmepXuT 3amaBaeMble

AHAJIOTMYHBIC paHEC ONMMCAHHBIM IJIsA TpOfIHI/IKOB.

Mocksa, 2023
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MapaMeTpbl MOOENN KOMNeHCaTopa

‘O6ume CeTka | Pacuér |

B

Tun K3

OsonoveyHele CMNK2

lNapamMeTpe N0 YMONYaHHIO

Oa

KonwuecTeo K3 Ha YeTEEPTH OKpYXH &

KosgphHUMEHT CryweHns

1.1

KoadpMuMeHT Npr HadansHoM ware | 0.7

KonwyecTeo K3 Ha rHyTOR yacTu rog) 2

Twn KpaeBbLX yCNnoBWiA

"Markue"

o |

OTtMeHa
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Mesnto Pacuer

Puc. 76 Koneunosnemenmunas mooenb TuH308020/CuNbPOHHO20 KOMNEHCATNOPA

Puc. 77 Hanpascennoe cocmosnue TuH308020/CUbOHHO20 KOMNEHCAmMopa

#. [punna 4. Mz

w
=
e
w

H
@
@

R N T ]

87 .61
67 41
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IMapameTpbl Mozeu (pacyer) nepexoaa

B cnyuyae BwiOOpa myHKTa [lapamempvi moleau nepexooa TPH HaXaTHH
kHonku OK mpoumcxomuT aBTOMaThyeckass TeHepals pacdeTHOH MOJeNH
KOHHYECKOTO Mepexo/ia, B ciaydae BbIOOpa MyHKTa Pacuem nepexoda NOTMOIHUTEIBHO
K 9TOMY MPOMCXOIUT 3aIyCK pacyeTa CreHepUPOBAHHON PacueTHON MOIEH.

MapameTpsl MOgen nepexona il

OBwwe | CeTka | Pacué'rl

Liset |
Monyne ynpyrocti (HHra) 200000 MMa
Kozdgdgmument lNyaccoHa 03

KozdpuuMeHT nuHeRHoro Temnepat| 1e-005 1/rpan
MnoTHoOCTE 0.00785 KT/M™3
HapyxHbifi amamMeTp ocHoBHOW | 325 MM
TonmmHa cTeHKM OCHOBHaRA 7 MM
HapyxHuih amameTp nepexonHedi 108 MM
TonumHa cTeHKM NepexoaHan 7 MM
[nnHa nepexoaHoR YacTm 500 MM

QK I OtmeHa

3aknmanku Cemka w Pacuem copmepXuT 3ajaBaeMble IapaMeTphbl,
AHAJIOTMYHBIC paHEC ONMMCAHHBIM IJIsA TpOﬁHHKOB.
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Mesnto Pacuer

Mocksa, 2023

MapaMeTpbl MOOenu nepexona

Oéume CeTka | Pacuét |

x|

=

=]

Twn K3

Ogonouveunsle CIMNK3

MepecedeHne No cepeavHHoR noser| da

NMapaMeTps N0 YMONUaHMI0

Ia

Ko3 b ULMEHT CrylleHUA

1.1

KozadgdrureHT Npr HayansHoM ware | 0.1

Konuuecteo K3 No okpyXHOCTK Ha | &

Twn KpaeBbX YCNOBHA

"Markue"

OK | OtMeHa
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Puc. 78 Koneunosnemenmuas mooeinb nepexoda KOHUYEeCKO2cO0 KOHYEeHmpuiyecKkozo

Hegoprayuu (HacunaS 159.28)
Hazpusanuue equmrame oy
Tla8 1emues

Puc. 79 Hanpﬂofceynoe cocmosAHue nepexoda KOHUYECKO20 KOHYEeHmpuiecKkoco

amwewudA . [pygnna 4 Hlla
99.84

@
2
Woe oo
@ om ;o;

15
a3
[
o o om

w oo
e

o

r
~
Do
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Mesnto Pacuer

IMapameTtpbl Moaeu (pacyer) KOCOTO CTHIKA

B cnydae BeiOOpa nyHkTa [lapamempsl MoOenu Koco2o cmbika TIPU HaKaATHH
kHonku OK TpoucXoaMT aBTOMATUYECKash TEeHepalus PacueTHOW MOJIENH KOCOTO
creika. [lpu BbIOOpe myHKTAa Pacuem Kocozo cmbika TPOUCXOJUT 3aITyCK
CTaTHUUYECKOT0 pacyeTa Jisl CTeHEpUPOBAHHON KOHEUHODJIEMEHTHON MOJIENH.

MapaMeTpbl K3-MO4ENM KOCOrD CThIKA

[eoreTp1A ||:ETK-EII F'ach!TI
B lNeoMeTpua cEapHOro WEa
Hron reskgy TpYGardd 170 rpan
Hapu#HeIi ouareTp 0273 [
T onWMHa CTEHEM 0.0a7y ¥
JnHa NpAroE 4acTI 1] bl
[l1pHa BHYTpEHHErD cEapHora L L006E bl
BricoTa BHYTREHHErD ceapHora u O.007 bl
UpHa Hapy#Hera ceapHora we .02 bl
Bricora HapywHero ceapHoro we 0003 r
H Marepuan Tpyt
Maaxkupyowuii cnoi Het
CeapHoie WBL Het
Temneparypa Ha evyrpenne 100 T
Japava rennonpoeogHocTu | Her
ITI OTrieHa Cnpaeka
3aknaaku Cemka v Pacuem COIEpXUT 3aJaBacéMble  IapaMeTphbl,

AHAJIOTMYHBIC OTBOJAAaM U paHEC ONMMCAHHBIM JJIs1 TpOﬁHPIKOB.

Mocksa, 2023
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MapaMeTpel K3-HOoAENM KOCOro CTEIKA

MeotmeTpua  CeTka | PaC'—IE‘.‘TI
=gl un K3 O&onoueyHee CIE3 ll

MNepecEyeHMe N0 CEpeIMHHDRN Nose Het

B Napamerpw no ymoayaHqo Na
¥ 03 D PULUMEHT CrYWIEHAA 11
F. o3 POpHUMEHT MPM Ha4YaneHor war | .2
K.omuecteo K3 no okpyskHocTH Ha | 16

Tun KpaeBLIX YcADBHA "Marke"

Ok I OTreHa Cnpaeka
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Mesnto Pacuer

Puc. 80 Koneunosnemenmuas mooenb KOCo20 CMulKa

Nefoprayuu (MacunaS 0.00646)
HazDUKAKYLE SQUHUTHNE PERNUOEH

|

Puc. 81 Hanpsoicennoe cocmosinue koco2o cmuika (na oepopmupogannoii mooenu 6e3
mopyesvix 30H)

WHAR NOBEpHEHOCHU ) i) Mo
;:‘;I:rmcmu omBoga (C-C) 142516 .56
120723.33

98330.08
77136.84
55343 .59
33550.35
11757.11
—10036 .14
-31829.38
-53622.63
—75415 88
—87209.12
-113002.36
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Mesnto Pacuer

IMapameTtpbl Moaeu (pacyer) CBAPHOTO COEMHEHUS TPYO

B cnyuae BbIOOpa myHKTa [lapamempul Mooenu c8apHo20 coeOuHeHus mpyo
npu Haxatun KHomkd OK mpomcxonuT aBTOMaTHuUecKash TeHepalus pacdeTHON
Mozenu kocoro creika. Ilpu BbIOOpe IyHKTa Pacuem ceapno2o coeOuheHus mpyo
MIPOUCXOTUT 3aIyck CTaTU4YECKOT 0 pacueta Ui CTeHEePHUPOBAaHHON
KOHEYHO3JIEMEHTHOM MOJIENH.

Puc. 82 Jluanoz ons 6600a obuux napamempos pacuémmuor Mooeiu c8apHoco
coeOurnenus mpyo

MapaMeTpsl MOQENN CBAPHOI0 COEWHEHNA x|

OBwwe | CeTka I Pacuet |

B[l eoMeTprA NpAMbX TPYG -
Yron Mmexoy TpySamm 180 rpan_
HapyxHelit anametp (1) 325 MM
TonwmHa cTeHkn (1) 16 MM
HapyxHuiit anameTp (2) 325 MM
TonwwHa cTeHKK (2) 16 MM
[nuHa NpAMOA YacTi 0 MM

H MaTtepwan Tpy6u (1)

H Marepwan Tpy6u (2)

H MaTtepwan cBapHoro wsa

H|PacTouka Tpyeu (1) Na
TonwWHa cTEHKW B 20HE LWn. pacToud 12 MM
mMpWHa 20HBI LN, pacTouku (1) 20 MM
MpWHa S0HbI KOH. pacTodkk (1) 20 MM

H|Pactouka Tpy6u (2) Na
TonwWHa cTEHKW B 20HE L. pacToud 12 MM
LMpWHE 20HBI LN, pacToukK (2) 20 MM
MpWHa S0HBI KOH. pacToOqKK (2) 20 MM

B |CeapHo# woe
IIWpuHa EHYTPEHHETD KOPHA WEA 8 MM
BricoTa EHYTPEHHErD KOPHA WEa 15 MM
LMpWHa HEpYXHEMD KOPHA WEa 18 MM
BricoTa HapyXHErD KOPHA WEa 2 MM
Temnepatypa Ha BHyTpeHHe#d n 100 C
3apaua TeNNonpoBoOHOCTH Na

H MapamMeTpe KOHBEKLMK
Ko3dMUWEHT KOHBEKLMK 750 Br/m™2/°C T
TeMnepaTypa cpeds 200 T

0K I OTMeHa |
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Mesnto Pacuer

B nmamHOM guamore BBOJSTCA OCHOBHEIE XapaKTCPUCTUKHU CBAPHOTO

COEIMHEHUS
XapaKTEePUCTHUKAX CTHIKYEMBIX TPYO.

Tpy6. [omyckarorcs HeOombpIINe

pasinind B T€OMETPHUYECCKUX

Tabmwuma 5 [TapameTpsl CBApHOTO COCAMHEHHS TPYO

I'eomeTpus cBapruBaeMBbIX TPYO

Yron mexay Tpydamu

3HavyeHne B rpagycax, ecid 3amaHo 180,
3HAYUT TPYOBI COCHBI

Hapyxwsriii nuamertp (1,2) Pasmep D na Puc. 83 mns kaxmodn u3
JIBYX CBApHUBAEMBIX TPYO
Tonmumna crenku (1,2) Pazmep SO na Puc. 83 mns xaxmoit u3
JIBYX CBApPHUBAEMEIX TPYO
Pacrouka tpy0sI (1,2)
Tomnmuua CTEHKU B 3one | Pasmep S1 Ha Puc. 83 mns kaxmoir u3
UTHHAPHYCCKON PACTOYKH JIBYX CBApUBAEMBIX TPYO
Hlupuna 30HBI munHApuueckoit | Pasmep L1 wa Puc. 83 mns xaxnoit u3
PACTOUKH JIBYX CBApUBAEMBIX TPYO
[[Iupuna 30HBI KOHUYECKOW pacTOUYKU Pasmep L2 nHa Puc. 83 mis xaxmoit u3

JABYX CBApUBACMBIX pr6

CaapHoil moB

IllupuHa BHYTpEHHETO KOPHS 1IBa

Pazmep LB Ha Puc. 83 - mmpuna kopHs
11IBa BHYTPH CBapUBAEMBIX TPYO

BricoTa BHYTpEHHEIr0 KOPHSI 111Ba

Pazmep HB Ha Puc. 83 - BeicoTa KOpHS
IIBa BHYTPH CBapUBAEMBbIX TPyO

[IuprHa HapyKHOTO KOPHS IIBa

Pasmep Lu Ha Puc. 83 - mmpuna xopHs
I11Ba CHAPY’KH CBapUBAEMBIX TPYO

BricoTa Hapy>KHOT'O KOpHA 1IBa

Pasmep Hu Ha Puc. 83 - BpicoTa KoOpHs
I11Ba CHAPY’KH CBapUBAEMBIX TPYO

Puc. 83 Cseaproe coeounenue mpy6 c 3onamu pacmouxu

1x

=1

Mocksa, 2023
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

Puc. 84 Pacuémnas mooenw ceapnoeo coedunenus mpyo ¢ 30Hamu pacmouxu
(ppaemenm)

HMIOK> 20

Y

ACTPA-CTAIMO (

IMapameTtpbl Moaeu (pacyer) NpsiMoii TPYObI (1aBJIeHHE)

B ciyuae BeiOOpa niyHkTa [lapamempel modenu npsmou mpyoOsi IPU HaXKATHN
kHonky OK mponcxoaurt aBToMaTuuecKas reHepalus pacueTHoi Monenu TpyOsl. [Ipu
BbIOOpe NyHKTa Pacuem npsamoi mpybsl 3aIyCK CTaTUYECKOro pacyera Juis
Cr€HEpHPOBAaHHOW KOHEYHO3JIEMEHTHON MozeiH. B kauecTBe Harpys3Ku HCIOIb3yeTCs
JIaBJICHUE, TIOTOMY PAacUETHASI MOJIEJIb IPEJCTABIISET COO0 YeTBEPTh TPYOHI.
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Mesnto Pacuer

Puc. 85 JJuanoe ons 6600a obwux napamempos pacuémuou mpyowvi

MapameTpbl Moaen TpyobI x|

OSwMe |Cema| Pau:uéTl

H[MeoMeTpus npaMoid TpYGu

HapykHER auameTp 325 M

TONWMHA CTEHKK 13 MM
H [MaTtepuan Tpy6u

Mnakupyrowuii cnoi Hert

Temnepatypa Ha BHYTpeHHel m| 100 T

Janaua TENNONpPoOBOAHOCTH Hert

FaGouee nagneHve 0 blMa

(0]4 | OTtMeHa
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

Puc. 86 Pacuémmnas mooens npsimoti mpyooi

HIEZ 20

f

ACTFA-CTANHG (201711)
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Menio Pesynbrars

Mocksa, 2023

Menio Pe3yiabraTsl
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

BapuaHThl Harpy3ox

Jis  mio0BIX  THIIOB  TpaMuecKd OTOOpakaeMbIX — pe3yJbTaToB, 32
HNCKIIIOYEHHUEM OLECHKH MNPOYHOCTH, Brr Moxere MMOCMOTPETh BKJIAZA KaXI0ro TUIIa
Harpy3kd B CyMMapHble pe3ynbTarhl. Jiis aToro mpenHasHadeH auanor Bapuanmol
Haepysox. Bun nnanora (v HaOOp 3HAUMMBIX HArpy30K) 3aBHCUT OT THIIA JETAIIH.

Bri0op Harpy3ok Uit TpoifHMKa, JUIsl OTBOAA M KOCOTO CTHIKa, Iepexona U
komreHcaropa (Puc. 87—Puc. 89).

OTtMmerbTe (umaxkkamMu T€ HATPY3KH, BKJIAJ OT KOTOPBIX JOJDKEH
MIPUCYTCTBOBATH B OTOOPAKAEMBIX pe3yiibTaTax.

Puc. 87 JJuanoe svibopa sapuanmog Hazpy30K OJisi MpOuHUKa

1. JOaBneHue [C-—C)

2. Temmepatypa [C-C)

J. OcepBHe CHIHE OO0 TOpIy WTyLepa [C-C)

4, OcepHle CHIH OO0 TOPIy ManMcTpanK (C-C)

5. MarufsmgMid MOMEHT B MADMCTPESIM B INOCHOCTH TROMHHEA (C-C)
6. Marufsmmmi MOMEHT B WTYLEPE B HAOCKOCTH TpoHHMRE (C-A4)
7. MoMEHT B WTyUSpe MZ OAOCKOCSTH THoOHHMES [L-C)

8. Marubemnmi MOMEHT B MAMCTPAIM MS OIOCKOCTH TPOHHMES (A-C)
9. EpyTmuMi MOMEHT B WTyLOepe [A—A)

[w]10. KpyTAaymi MOMEHT B MADMCTDaIM [(L-4)

EHEpaTeE BCoe | CHATE BCE OTMEHa

Puc. 88 /luanoe evibopa eapuanmos nazpy3ok 0iisi 0meooa u Koco2o CMvlKd

Bwifiop Harpysok I

Jaenerne (C-C)

TemnepaTypa (C-C)

Ocepaa cuaa Nz (C-C)

. Mspubamumii MoMeHT Mx B mIIocKoOCTH oTBoma (C-C)
. Mspubamumii MoMesT My MS ONocKOCTH oTBOOa [A-C)
EpyTmygmi moMesHT Mz (A-4)

RIRIRIR &R
oo W

CHATE BCe CE OTMeHa
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Menro Pe3ynbraTs!

Puc. 89 /uanoe svibopa eapuanmog Hazpy30K nepexooa u KOMNeHcamopa

Boifiop Harpysok [ x| I

N
ST, R X Ry

HEpaTE BCE |

IaeneHne

TeMnepaTypa

Ocepad cuiaa Nz

HM=rHE s MoMeHT M
HM=rMbsmgMi MoMeHT Mz
Kpvraumi MoMeHT My

CHATE BCE | OF | OTMEHa |

I'pynmer pemaeMbIx 3amad (caMOypaBHOBEIIEHHBIE TPYIMIBI Harpys3ok), Ha

KOTOpble pa3OuBaeTcsd HCXOIHAs IIONHAs 3aJada (HWKE — A OPTOTOHAJIBHOTO
TPOHHHKA):

C-C (cummerpusi-cHMMETpUsl) — JaBlieHWEe (C ypaBHOBEIIMBAIOUIMMHU
TOPLIEBBIMU OCEBBIMU CHJIaMH), TEMIIepaTypa, OceBas CHja B IITYyLEpe,
oceBasl cuila B KOpIyce, M3rHOAOMi MOMEHT B KOpPIyCE€ B IUIOCKOCTH
TPOWHUKa;

C-A (cuMMeTpus-aHTHCHUMMETPHS) — W3THOaomIMi MOMEHT B IITyLEpe B
TUIOCKOCTH TPOHHUKA,;

A-C (aHTHCUMMETpPHA-CHMMETPHS) — MU3THOAIOMNNA MOMEHT B INTyIepe U3
IUIOCKOCTH TPOMHHUKA, W3THOAIOMMII MOMEHT B KOPITyCE€ W3 IUIOCKOCTH
TPOWHUKA,

A-A (aHTHCUMMETpPHUA-aHTUCUMMETPHS) — KPYTAIINE MOMEHTHI B IITYIEpe U
B KOpITyCe.
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

3HaveHUS HATPY30K (TPOHHUK)

x|

- Tun Harpy

@
PN
-

Jluanor npeaHa3HaueH IS 3aJaHUs HArPy30K Ha TpoiHuk (Puc. 90).

Puc. 90 3aoanue snauenuil Hazpy3ok 01 mpouHuKa

Envinrunzs (MH, MH* -, MMa)
JapasacHad
Pz ACTPA-HOBA (CTALY

-

[2ran2 =l

Wa ACTPA-HOBA (CEFCH) Horep sextopa

IEOEJJEDICTBME Ml cnexrp ﬂ I1 :’

Cuae Ha TopUax (KH)——— MomeHTe Ha Topuax (kHM)

BHyTpeHHee nasnenre |0 M=
Mepenan Temneparyp |0 mag

Fx Fy Fz %73 My Mz

1|u

|u |u 1 |u |u |n

2|u

|u |u 2|u |u |n

3|u

|u |[| 3|u |u |n

TPYIMEYAHVE: BCa GUel M MOMEHTL! 3aA3HH B GUCTEME KAORAUHAT TROMHHKE

-

Mposepka Ha paBHoBECHE

1D MBrWETANN. ¥ - 10 WTYUEPY, X - M3 NADCKBCTH TRORHMKS)

B nanHOM amamore MOXHO BBIOpPAaTh WM BBECTH BPYUYHYIO HArpysKy, Ui

KOTOpOH HEOOXOAMMO TIONYyYWTh pE3yIbTaThl (KOMIIOHCHTHI IEPEMEINCHUH |
HaNpsDKCHNH, X SKBUBAICHTHBIC BEMUYMHBL). BO3M0OXXHO HCTIONB30BaHHE CIIETYIOMINX
TUIIOB Harpy3oK:

Enunuunas Harpyska;

3anaBaemas. B aTom cityyae BCe CHIIBI 1 MOMEHTBI 33/1al0TCS TIOJI30BaTENIEM
C YYETOM IpaBUJI PABHOBECHUS;

Harpy3ka, monyuyennas u3 ACTPA-CTAIL (siro00ii U3 3TanoB pacyera);
Harpyska, nonyuyeHHass u3 ACTPA-CEMCM (3amaBaemasi COGCTBEHHas
(hopma KoeOaHH MK IIAT UHTETPUPOBAHUS ITO BPEMEHH ).

F!— nonepeunas cua o X, IPUIOKEHHAS K IEPBOMY TOPILY MArMCTPAJIH;

FZ

X

— IorepevHas cuia 1o X, NpUJIOKeHHas KO BTOPOMY TOPILYy MaruCTpaliy;

F?— nonepeunas cua 1o X, NPUIOXKEHHAS K IITYLEPY;
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Menro Pe3ynbraTs!

1
Fy — TorepeyHasi cuiia 1o Y, NpUJIOKeHHas K IEPBOMY TOPIY MaruCTpaliy;

2
Fy — rornepeyHas cuiia 1o Y, NpUJIoXKeHHast KO BTOPOMY TOPIy MarucTpaiy;

3
Fy — oceBas cuiia, MPUIOKEHHAs K MITYIEpy;

F' — oceBas cuiia, MpHIIOKEHHAS K ITEPBOMY TOPITY MATHCTPAIIN;
F? — oceBas cuuia, IPHIIOKEHHAs KO BTOPOMY TOpILy MaruCTpaIH;

3
F,” — nmomepeunast cuna no Z, npuiioKeHHas K ITYHEPY;

Mi — u3rubaromuii MOMEHT B IUIOCKOCTH TPOWHHKA B IIEPBOM TOPIIE
MAarucTpaiy;

MX2 — m3rubaomMii MOMEHT B IUIOCKOCTH TpPOMHHKAa BO BTOPOM TOpIE
MAarucTpaiy;

3 o 9 .
M x = I/I3FI/I6aIOH.II/II/I MOMCHT B INIOCKOCTH TPOMHHKA B LITyHEPEC,

M; — m3rUOAoOIMiA MOMEHT W3 IUIOCKOCTH TpPOWHHWKAa B TIEPBOM TOpIE
MarucTpaniy;

|\/|§ — u3rubaromuii MOMEHT W3 IUIOCKOCTH TPOWHHKAa BO BTOPOM TOPIIE
MaruCTpaiH;

Mj — KpYyTSIMHA MOMEHT B LITYLEPE;

M — KpyTsIIHii MOMEHT B TIEPBOM TOPIIE MArMCTPAITH;
2 " .
M — kpyTsHii MOMEHT BO BTOPOM TOpIIE MarnCTpaiy;

MZ3 — U3ruOArOIIMKA MOMEHT U3 MJIOCKOCTH TPOMHUKA B IITYIIEpE.

Bce cuibl 1 MOMEHTBI MPUBECACHBI B CUCTEME KOOpAUHAT TpOﬁHHKa, TIOTOMY
YCIIOBUS PABHOBECHSI TPOHHKKA Oy YT CIICMYIOIIHE:

F'+F>+F:=0 M!+M2+M3=0
1 2 3 1 2 3

F+F +F =0 M, +M;+M7=0

F'+F>+F*=0 M!+MZ2+M2=0
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“CewmelicTBo” mporpamMmHbIX koMiiekcoB ACTPA-HOBA’2023

3HauyeHusi HATPY30K (OTBOJ, KOCOH CTBIK)

Juanor npenHazHadyeH A 3aJaHUS HArpy30K Ha OTBOJ MM KOCOH CTBIK

(Puc. 91).

Puc. 91 Buibop 3Hauenuil Haepy30Kk 015 0meooa u K0co20 CMblKd

— THN Harpy KK

%]

" Egunuanad (MH, wH*, bMa)
(" Janseseran
& Vi3 ACTPA-HOBA [CTALL

ISTan 1-Becu naeneHue B paSoder cOCTOAHMUM

(" V= ACTPA-HOBA (CEFICH)

[

Homep BexkTopa

IEIDS.ELElJlCTBME MET (yron 1) cnekTp

= =

BHyTpeHHee naeneHye |8.73 Mz

Mepenan TeMnepaTyp ID rpag

—CHN0ELIE chaKTORE

1-1

INz' |2 3629 kH

Tfse! I] 1615 kH*M
s IBS B577 kH*M
hdz' IB 25592 kH*M

OTHMEHE |
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Mesnto PesynbraTsl

3HaveHHUs HATPY30K (Tepexoj, KOMIIEHCATOP)

Juarnor mpeaHa3HAuYCH TSl 33]JaHKs HATPY30K Ha MEePEeXO0.] MM KOMIICHCATOP

(Puc. 92).
Puc. 92 Bvibop snauenuil Haepy30x 01151 nepexooa u KOMNeHCamopa

P

— THN Harpy2Ku

(" Eautmunas (MH, MH M, MMa)
(" 3anasaerasn
s ACTPAHIOBA (CTAL

ISTalﬂ - Becw naeneHue B pagodeM COCTOAHMK Vl

(3 ACTPA-HOBA (CEFICKM) Hormep eekTopa

IBDSQEQCTBME M [yron MET) akceneporpamea LI |1 :I

BHyTpeHHeE gasneHwe  |8.73 MMa

Mepenan Temnepatyp [0 rpao

—CHNoBEke dakTopel
1-1 2-2
Mz' |u.0535 |0.0535 KH
e |—9 4938 |4 5136 KH*M
My 01411 [o.o359 KHAM
hz' |u.ms |n.1115 KH*
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“CewmelicTBo” mporpaMmHbIX koMiiekcoB ACTPA-HOBA’2023

HedopmupoBannas cxema

IMoka3 nedopmupoBantoit Mmogenu (Puc. 93).

Puc. 93 Iokas depopmuposanroii mooenu coeMecmHno ¢ UCXOOHOU

Megoprauuu (Hacumas 5. 176587
Hazpymawyue eguHudHEE $AKMODB
Jabasmue (C-C)

Temnepanypa (C-C)

Ocefzie CU/El NO MOpYY Umgueps (C-C)
OceBsie Cu/bl nO MOpuY i

HzzuSanuui Momewm B

YzzuSanugui Momerm g

goonn mpot
Epynawai_noncum, d
EEpgnmyutt nons
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Mesnto PesynbraTsl

Hcxoanas cxema

[MocTaBbTe (GraXkoK HAMPOTHB TOTO MYHKTA, YTOOBI OBLT MOKA3aH UCXOIHBIH
9JIEMEHT BMecTe ¢ aedopmupoBanubM (Puc. 94).

Puc. 94 Hcxoownas u deghopmuposannas modenu

[ I T
@sitn  PacweT PesyrbTatel Bl ONH0 7

prawau (Hacunab 5 17658) mawui (Hacunab &.17658)
e fre P, a3 pieanue equin: o

o (AD) Honen & wacuepe »
porocwu mpousuks (A-C) i L mpodduks (A=C)

A

r
i N

Maciurad

Bb3oB gmamora I pelakTHpPOBaHMs Maciitaba IepeMemieHui  uis
BU3yanusanuu nedopmuposannoit Mmogenu (Puc. 95).

Puc. 95 Jluanoe ons evibopa macuimaba

T
[¢

Ok I Cancel |
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“CewmelicTBo” mporpaMmHbIX koMiiekcoB ACTPA-HOBA’2023

ABTOMacIITAOHpPOBAHME

Haxmure ITYHKT Aemomacmma&tpoeauue JJIA aBTOMATHUYCCKOI'o
OIpCAC/ICHNA BU3YyaJIbHO ITPUEMIIEMOT'O Maciira0a.

H3onoss nepemerieHui

IToka3 BbIOOpa KOMIIOHEGHT NepeMelleHHWil U H30JMHUK TMepeMeleHUuI
(Puc. 96 u Puc. 97).

Puc. 96 /luanoe ons evibopa komnonenm nepemeweHull Oisi BU3YAIUIAYUU
UBOMUHUAMU

MepeMeLiieHs [ x| I

i~ NuHelHse
" MoocuX

(" MoocuY
( MoocuZ

(& CymMMapHuie

[V MzonuHuW Ha AedopMUpOBEHHOT CxeMe

omene_|

Puc. 97 Uzonrunuu nepemewenuii Ha 0epopmuposanHou Mooeu

Cariarise nepensuerun
[Ho pyranuue_eqummnse paxnops
Jabastus (C-C)
Tesnepanypa (€-C)

eBne cumi no mopuy wnyuepa (C-C)
Ocebis cwmi no mopuy mazucmpanu (C-C)
M2uSa0uuil HoMEHR B MAZUCMDAAL 6 NAOCKOCHU npousuka (C-C)
HacuSampui nonerm B wnyuepe B nicckocmu mpotmaca (C-A)
MonsHm B WRYUEDS US NADCHOGIU MpoRHKa (A
M=2uBamuuil HOMEMR B MAZUCMDAAL U MASCKOCWY MpouMuka (A-C)
Kpynsmuyut nonerm & ungueps (A-A)
KEpynmgui nonen 6 masucnpas (A-4)

0.04
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.00
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Mesnto PesynbraTsl

3anuce AVI-daiina

JlaHHbBIl yHKT MEHIO MPEJHA3HAUYeH JUIs CO3JaHUsI BHIEOPOJUKA M 3aIlUCH
ero B AVI-gaiin ansd pe3ynbTaToB CEHCMHUYECKOrO pacyera B ciydae BbIOOpa
BO3/ICHCTBUSI, 33/IaHHOT'O aKCEJIEPOrpPaMMOH.

s 3amucu AVI-aiina Hago HACTPOUTH BHJ OTOOPaKaeMOTO pe3yJbTara
(mepemenieHuns], HaNpsDKEHHs), BHIOpaTh B KaueCcTBE HArpy3Ku ceicMOBO3eicTBHE,
3amaHHoe akceneporpammoit. [Ipu atom myHKT MeHo 3anuce AVI-pating CTaHOBUTCS
aKTHBHBIM, €r0 CIIEAYeT BHIOpATh U yKazaTh UMsI (GOPMUpPYEMOro B eodaiiia.

Juis kaxmoro MOMEHTa BpeMEHH ([Iara WHTETPHPOBaHUs) (opMupyercs
KaJp, comepKamuid u300paxkeHHe ne(OPMUPOBAHHON WIM HANPSHKEHHOH MOJEIH
neraym.  Ilpocmorp  AVI-gpaiin  ocymecTBisiercst — MIOOBIMH  JOCTYIHBIMH
BupeonpourpeiBarensimu (Puc. 98).

Puc. 98 Kaopw suoeoponuxa ounamuxu H/[C mpoiinuka om ceticMuyecko2o
6030elicmsus, 3a0aHH020 AKCEnepoPaMMOl

B UB aABHANOS MARpAREHUS (TpecKs) Sond
[Haz pysanue pax: us ACTPA-CENCH

lonexn & waguepe us niockocau mpouiuxe (A-C)
(s2uBSapuul MONSHE B WAZUCHPAX ik
punawul nomewn & WNGUSPS (AA) (71 033 xEen)
(punsNus Momexn & wazuchparu (A-A) (-1.359 e

-~

BxBubasennnoe Manpawenue (Tpecka) Sako
[Haz pysanxue paxnopm us ACTPA-CEHCH
. 1) - Touxs N31 (1.5 cex)

ueps (C-C) (15 257 wl)
(13.044  xH)

s HORENA B KasuCHDASY 8 ocau mpouwuxa (C-C) (19
KU ONSMR B WRYUEDE B DACCKOCRU ApotMuxa (C-A) (7342
© ¥ayuepe uz nsocwocau mpoduuxa (A-C) (31 869 lien)
- © nasucpary us niocxocmu apoiuxa (A-C

nnnnnnnn anguepe (A-h) (-69.45 wlien)
i it Y o oy 8 it P f g TN

-
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H3onous nedopmanmii

B cinyuae npoBexenust pacu€ra ¢ y4€TOM IUIACTHYECKUX jaedopManuii
JIOCTYTICH TI0Ka3 KOMIOHEHT OOUIMX, YIPYTuX H IulacTHYecKux medopmarmii (Puc.

99).

Puc. 99 /luanoe ons evlbopa komnonenm degpopmayuii 8 ciyuae nposederus pacuéma
¢ yuémom nuacmuieckux oegpopmayuti

x

E- O6wue nedgopHalv4

- HAKOMOOHEHTE 0BWE R e OpMaLMK
- YY-KOMOOHEHTE 06WER AadopManui9
- Z-KOMNOHEHTA 05Wei AgdoprMaLmMu
-2 COBWMOE @A 06WaA AedhopHanmMs
- Z COBWMOE@A 06WaA nedopranMa
- HZ CABMroEas 051Laa 02 opMaumHa
-1 rNaeHasa 06WaA RedopHanm:

- 2 PIBEHAA 0BWAA fedopHaumHa

- 3 rnaeHan 08Wwan AedopHanmMa

- DEWan nedopMauua Tpecka

- DBWaa AedopHauHs Museca
F-Ynpyrue nedpopHauuM

#- Mnactuueckde nedopHaldu

Ck. ona EEECOS KOMAOHEHT

IrJ'IDﬁElJ’IbHEI.ﬂ CK. LI

teton NEAHEEAEHHMA HENDAKEHKWH B TOYKEX HHTEMPIMPOESHHMA B YS Nkl

||_|l:| EnakHlel TOUKE MHTErpUpoBaHKHA vl

Cnocos ocpeaHEHKMSA No YZnar

IE!BS OCpeaHeHMa vl

[¥ M=20auHMM Ha AethopMUpOBAHHON Cxere

[¥ MokazkiBaTe MoXOOHYK Cxemy

omee_|
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Menro Pe3ynbraTs!

H3onoust HanpskeHN i

INoka3 Beibopa kommoHeHT Hanpsokenuit (Puc. 100 u Puc. 101).

Puc. 100 Juanoe ons 6b160pa KOMNOHEHM HANPSNCEHUsL 8 CyUae 0000YeYHOU

Mocksa, 2023

Mmooenu

Hanpswenna (k) [

—BEpXHﬂﬂ H HHHIME NOBEXHOCTIA

(e Sx' Sy Ty
[NEEHEIE HANPAKEHMS
’7(" 1 53

" Sake (Tpecks) (" S3kE (Muzec)

—CBICIBD.HHHEIH NOBEXHOCTE

(" Sx' Sy Tty Tz Ty

51 - 53

"rﬂaBHbIB Hanpa<eHK1Aa

(" Sake (Tpecka) (" Sake (Muzec)

CK. nna BHECOS KOMNOHEHT HENPAXKEHHA

IﬂOKEU‘IbHElSI CK anemeHTa v|

Meton NPHEEOEHIMA HEI.I'Ip5|>KEHMI::1 E TOUKEX MHTEMPHMPOESHKMA B 3Nkl

||_|D Gruaiwer TOUke MHTEMPHPOBEHKS vI

Cnocof 0cpeaHeHK|s No 42nam

IEuea OCPEAHEHMA ﬂ

[¥ He nokaskieaTs HENPREKEHWS B TOPLEELX 30HAX

[~ M30AMHWK HE AehOPMUPOBEHHOI CXeMa

QTMeEHE |
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“CewmelicTBo” mporpaMmHbIX koMiiekcoB ACTPA-HOBA’2023

Puc. 101 Jjuanoe ons evlbopa KoMROHEHM HANPAICEHUSL 8 CLyHae 00beMHOU MOOeU

ﬂ

- HoKOMNOHEHTE HENPAHKEHWA
- Y-ROMIOHEHTE HANPAKEHUA
- £KOMNOHEHTE HANP AHEHMA
- ¥ GOEMIOBOE HANPSKEHWE
-Y'Z COEWMIOEDE HANPAKEHHE
- £ COBUrOBOE HENPAKEHHE
-1 rNaEHOE HANPAKREHKHE

- 2 FNAEHOE HANPAKREHKHE

- 3 rnaEHoe HaNpAkREHKHE

- HanpaxeHue Tpecka

- HanpaxeHue Muzeca

CK. ond EBEOOS KOMMOOHEHT

IFnDﬁaanaﬂ K LI

MeTon MNEHEEOEHKA HANPAREHKWA B TOYKEX MHTEMPWPOBAHMA B Y3206l

IMEI.KC. no Mogynk 2HadeHHe e K3 vI

Cnocod ocpeOHEHMA NO Y23nar

IEea OCpEeaHeHKA v|
v He nokazkieaTk HANPIOKEHMA B TOPUSBLIX 30HEX
[ 1130nMHMK Ha AedOpMHPOBEHHON CXEME

[ MokaseeaTe MoxaaHym cxermy

OTreHa |

Hdus CIIKD-momenmu Sz’ B mokameHOM CK  Hesmaummo, Tx’z’, Ty’z’
MIPUCYTCTBYIOT ~TOJIBKO Ha CPEAMHHON ITOBEPXHOCTH, BO3MOXXEH IPOCMOTP
HaINpPsDKEHHOTO COCTOSIHUS HA CPEMHHOM ITOBEPXHOCTH.

Jnst monHbIX pacy€THBIX MoOJENe M MOJAENEedl TPOWHUKOB BO3MOXKEH
MIPOCMOTP KOMITOHEHT HAIPsDKEHUH B TII00ABHON CHCTEMe KOOPAMHAT.

3HaueHHS HANPSKCHUN BBEIYUCIIIOTCS HE B y3JIaX, a Tak, 9YTOOBI JOCTUTANACH
HaWTydIIass BO3MOJKHAs ISl TaHHOTO KOJIMYECTBA TOYEK TOYHOCTh WHTETPHUPOBAHIUSL.
B [IK ACTPA-CTAIMO ucnone3yercsa kBagpaTypHas cxema ["aycca.

3HaueHHs B TOYKAaX HMHTEIPHUPOBAHMSA MOTYT ObITH mpuBeaeHsl KO k y3mam
IIpYU IIOMOIIY Pa3IUYHbIX, HO PABHO HECTPOIrUX MPOLENYP YCPEAHEHU.

OTH  MeToAbl CTpOsTCS TakuM 00pa3oM, 4YTOObl HE IPOIYCTHUTh
OKCTPEMAJIBHBIC 3HAYCHUA HaHpﬂ)I(eHI/Iﬂ B TOYKax HWHTCIpUpoOBaHUA W [OaThb
JIOCTOBEPHYIO KapTHUHY paclpejeeHus HapsHKeHUH B paccMaTpuBaeMoi obiacTu (B
TOM YHCJIE B 30HaX C BEICOKMM I'PaME€HTOM M3MEHEHHUS HAIPSDKEHHUN ).
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Menro Pe3ynbraTs!

B IIK ACTPA-CTAANO peanu3oBaHbI CIEAYIOIINE METOIBI HPUBEOeHUA
HANPA}CEHUIl 8 MOYKAX UHMEZPUPOSAHUA K Y3TNAM.

o  Memoo 1. Cymmuposanue c 6ecamu no MOYKAM UHMESPUPOBAHUSL.
OcpenHeHue 3HA4YEeHUIl B y371ax Ha BepXHEM M HIDKHEW IOBEPXHOCTSIX
00paTHO-NPONIOPIIMOHANBEHO KBajpary paccTosiHus oT TOYEK
WHTErPUPOBAHMS /10 BEIOPAHHOM TOYKH.

o  Memoo 2. Bvibop maxcumyma 6o ecem KD3. BpiOOp MakcHMaibHOTO IO
MOJIYJII0O 3HAa4YeHWsl JUIs BceX Touek uHTrerpupoBanusi KOJ. Ilomyuennoe
3HAaYCHHE TPUCBanBaeTCs BceM Toukam KO.

o Memoo 3. Ilo bnudxcaéueni mouxke unmecpuposanus. HanpsokeHue B y3ie
Oepétcs mo OmKaiIei TouKe HHTETPUPOBAHIS.

Memoo 4. Kybuueckaa skcmpanonayua. VIcnomp3yeTcss KyOWdecKuit
mojuHoM mojmHoM: S(X,Y,z) = a + bx + ¢y + dz + exy + fyz + gxz + hxyz, rzue X,y,2 —
HarypanbHble kKoopmuHatel KO, a,b,c,def,g,h — xosdpdumuentsr. Jius ompenencuust
KO3 PHUIUECHTOB KyOMYECKOTO IOJIMHOMAa HCIONB3yeTcs 8 YIVIOBBIX TOYEK
UHTErpupoBaHus. B urore umeeM 8 ypaBHeHHH ¢ 8-10 HEM3BECTHBIMU. Pemnast naHHYyIO
cucreMy, nosydaeM kodddurmeHTsl kyOuueckoro moiuHoMma. IlopcraBnsieM, 3arem,
HaTypaJIbHble KOOPAMHATHI Y3JIOB B JaHHBIA ITOJIMHOM, T10JIy4aeM HCKOMBIE 3HAaUECHHS
KOMITIOHEHT HamnpspDKeHHsd B y3nax. JlaHHBIA croco0 NpPUMEHSETCS TOJNBKO IS
HIIK320.

IIpumeHeHre MNepBOro MeToJa OCPEAHEHUS HECKOJIbKO YMEHbIIAET
MaKCHMaJIbHOE HANpsDKEHHE II0 CHCTEME, BBIYMCIEHHOE B y3JlaX, HO IO3BOJISET
MTOTyYUTh KAPTHHY paclipeleIeH s HalPsHKSHUH, ONMM3KYI0 K peabHOM.

Bropoii criocod Hanbosee MOAXOONT sl 3HAKOIIOCTOSHHBIX HAIpPSKCHHN
(mampuMep, IS BU3yalTU3allid HOPMAaTHBHBIX OICHOK HAIPSDKEHHWN) U TTO3BOJISIOT HE
HpOHyCTHTB MAaKCHUMAJIBHOC 110 MO]lyJ'l}O Hal'[pﬂ)KeHI/Ie.

Ilocne mnpuBenecHUs] HANPSOHKEHUM K y371aM MOXKHO JUIS KaXAO0ro ysia
MPUMEHUTH MPOLIETYPY OcpenHeHus no BceM KD, comeprkaliuMu 1aHHBIN y3er.

PeanuzoBano n1Ba cnocoba ocpednenusn no yznam:

—  Cpeonee apughpmemuueckoe
—  MakcumanvHoe no mooynio 3nauenue

BosmoxxeH nokaz nanpaxcenuit Bo Bcex KO wmmm 3a uckmodenuem KO
TOPLEBBIX 30H. B TOPIIEBBIX 30HAX BO3MOXKHO TOSIBJICHHS “‘TIAPa3UTHYECKNUX~ BBICOKHX
HaNpsDKCHUH W3-3a 3aKpeIUieHWH HEKOTOPHIX y3JIOB Ha Topue (Hampumep, B KO-
MOJENI OTBOJA).

Jlnst TIOBBIMICHUSI HATSIIHOCTH TIPEACTABICHHS HANPSUKCHUH peann30BaHa
BO3MOKHOCTb OTOOPaKEHUS U30AUHUI Ha Oedopmuposannoii cxeme (Puc. 102).
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“CewmelicTBo” mporpaMmHbIX koMiiekcoB ACTPA-HOBA’2023

Min / Max B Toukax HHTErpUPOBAHMS

W3-3a mpuMEHEHHBIX MpPOIEAyp NPWUBEACHUS HANPsDKEHHH B Y3IBl U
OpoIelyp OCpeOHEHUS IO Yy3JdaM peaJbHOe MHHUMAJIbHOE M MaKCHUMaJbHOe
HaNpsHKEHHUE MOXKET OTJINYATHCS OT MMOKa3aHHOT'O Ha I[BETOBOW MaJIUTpe.

[yukr Min / Max ¢ mouxax unmecpuposanus TpeqHa3HAUEH IS TOTO,

9T00bl Y3HATh PEANbHOE BBIYUCIEHHOE HAINPSDKEHHE B TOYKAX HWHTETPUPOBAHUSI
(Puc. 103).
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Mesnto PesynbraTsl

Puc. 102 Busyanuzayus nanpsisicenuti Ha 0eh)opmuposannot Mooenu

eNMXAA R I T MR Mu

[51BUBSABMANOS WARPARENUS (TPECKA) SINB (BEPXNAR U MUSHAR -
e
T s s
s
1020.29 =
oo
el o
————
s sy T
Tl B
e

Puc. 103 LJgemosas narumpa u Min / Max nanpscenuii 6 mouxax uHmezpuposaHusi

=10jx]
Wrasast

MEAS T-7-002-86
Tpufegewmmsie Hanparenua. Hman 1

Hlla
163,39

158.21
147 04

135.87

91 .18
80.00
6883
57 6h

46.49

35.31

bx
1
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Ounenka NpoYHOCTH

Jdns  Bu3yanu3alMM  pacyeTHBIX NPUBEJICHHBIX WIM  OTHOCHTENIBHBIX
HaIpSDKEHUNM HOPMATUBHBIX OTallOB-TPYII P ACUCTBUM IIOJHOM  CHUCTEMBI
3aJJaHHBIX/UMIIOPTHPOBAHHBIX HArpy30K.

INoka3 BeIOOpa 3Tamna pacyeTa NPy BU3yaTH3allii OLIeHKH povHocTH (Puc. 104).

Puc. 104 Jjuanoe ons evibopa smana pacuema npu 8U3yaiu3ayuu OYeHKU nPpoYHOCmu
(npugedeHHbIX UNU OMHOCUMETbHBIX HANPANCEHULL)

OueHka npouHocTU({MHA3 Ir-7-002-86) |

Bua pacueta

ICTaTHKa V|

3Tan 3 I'pnna 3 (paEMExM HENPAKEHME)
3tan 3. Mpynna 4 (@MNAMTYAE HANPAKEHME)
KeneiTanua. Mpynna 2

—HanpaxeHue

® MpueEOeHHOE ( OTHOCKUTENEHOE

MeTon MPHYEEOEHMA HANPAKEHWA B TOYKEX HHTEMPMPOBEHWA B Y3kl

IMaKc. no Moaynk sHaveHue e K3 V|
CnocoS ocpeaHeHM:A No Yy3nam
IEea OCpeaHeHK|n v|

[¥ He oueHMBaTE NPOYHOCTE TOPUEBOH 30HE

[v Yuet Tz 1 Tyz HE CREOMHHOMN NOBEEXHOCTH
[T | SHERH CEA B H N R ERE R HE HEMEEIEE. SHELHAMEH dEEr e

[~ M200MHWM HE ned 0pMUPOBEHHDH Cxame

orema_|
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Menro Pe3ynbraTs!

I'paduxn (oT HArpy3kn)

[Tocne pacuéra mo onpeAeneHnIo MpeAeTbHON HAarpy3KH AOCTYIHBI rpaduku
CJICAYyIOMrX BEJIUNYNH

MaKCMansHaa rNagHan ,u,eq)opmaum,q

MnacTmyeckan paboTta
OTHOCKMTENEHAA MNAcTMHeCkan paboTa
MPOMIECAHAA OTHOCMTENEHOH MAACTMYECKON pEBOTE

[Ipu BeIOOpe THTIA TpadrKa HOSBIAETCS OKHO C TPaHIKOM.

0.95
o9
0.85
0g
075
07
0.65

o
o

0.55
0s
0.45

Mapamerp Harpyskn

o
=

0.35
0.3
0.25
0.z
0.15
01
0.08

i} 002 o004 006 002 01 042 044 016 018 02 022 024 026 028 03 032 034 036
MakcHmankHas ragHaa aedopmana
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Puc. 105 ITnacmuueckue depopmayuu u epaguxu ckopocmu usmenenus yOerbHou
naacmuyeckou pabomovi

3kast pedopmarps Tpecka
10 ToukaM mETerpuposamms 0 / 0.802631

45489
41698
37907
34117
30325
26534
22744
18954
15162
11372
.75815E-01
.37907e-01
0.0000

# Tpaguc - 0 X

QA es++ 8 8§ 0

22
21

18
18
17
18
15
14
13
12
14

© oo o oo 0090 o

08
08
07
(13
05
04
03
02
01

0
0 00504 0,15 02 025 03 035 04 045 05 055 06 085 07 0,75 03 085 09 085 1

[InacTHYecKas fedopMamms Tpacka
Min/Max no moukam mwrerpupoamms 0 / 0.255138 0.20452
0.18748
0.17043
0.15339
0.13635
0.11930
0.10226
.85217e-01
.68174E-01
.511308-01
-34087E-01
.17043e-01
0.0000

# Tpagk

Qa2 eres 8 § 0

Vi
0 005 01 0.15 02 025 03 035 04 045 05 055 05 085 07 075 08 085 09 095 1

B
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Mesnto PesynbraTsl

Otuer

Hmst pacuéroB HIAC u mpoyHOCTH W ompeseNieHus] MpeaelbHbIX Harpy3ok
MOXeET OBITh CHOPMUPOBAH KPATKHH UTOTOBBIN OTYET

[Ipu Be1OOpe myHKTa Omuém nocne pacuéra HJC u npouyHocT nosBisieTcs
JIMAJIOroBOe OKHO ¢ HacTpoiikamu otuéra (Puc. 106).

Puc. 106 LJuanoe ona nacmpotiku euda omuema

HacTtpo#ika oTueTa .

MapamMeTpel reHepauuu oT4éTa

Yuer Txzu TyzHa cpeaHHHOI NOBEPXHOCTY

HE OUEHWBATE NPOYHOCTE TEIDLI.EEDI:' S0HBI

Ouetka NPOYHOCTH BEIGDAHHOMD SparMeHTa
MemBpaHHBIe HANPANEHWA N0 CPEAMHHON NOBEPXHOCTH
CTaTHyeckan v UMKAMYECKEA NPOYHOCTE
CeficMonpoyHocTe

HanpsskeHua no YACTOTaM [WArat WHTErPUPOBSHIS
Iraku

LU U U U B

IHD CaMOoi SHAYMMOI Popre hd

[ TeHepupoBaTs oT4ET 3aHOBO

HacTpofika BMaa oTyéTa

[ Beioa pesynstaros ACTPAHOBA

Pasmep OpueHTaUMA GyYMari
|44 (210 297 ) | ; ﬁ::g:g:m
Wpser Pasmep
|Courier New j |1 2 LI
Oépazeu
AaBbbaPe

Ormena

JInst BeIOpaHHbIX HOpM MPOYHOCTH BBIBOASTCS MaKCHMAIBHBIE PACUCTHBIC
HAMpPsOKEHUST W JIOMYCKAEeMble HAIPSDKCHHWS U1 BCEX 3HAYMMBIX OTAllOB pacdera
(rpytmn Hanpspkenuii) (Puc. 107) mis BeiOpanHOrO (parmenta momenu. B ciydae,
€Clin paC‘léTHbIe HaIlpsKCHUA TPCBBIIIAIOT AOIMYCKAaCMbI€, TO COOTBETCTBYHOILAA
syeiika TaOJUIIBI 3aKPAlIMBAETCS B KPACHBIM [BET M IMOJ TaONHICH BBIBOJUTCS
npeaynpexIcHue.

I'enepauus oT4é€Ta MOXKET 3aHUMATh MPOJIODKUTEIEHOE BpEMsI OCOOEHHO st
MHOT'OCJIONHBIX M30I1apaMeTPHYECKUX pacu€THBIX MOZENIeH B ciiydae BHIOOpa OLEHKH
ceficMuueckoil npouHocTH. Ilocne mepBoil reHepanuu OTYETA, OH 3aIMCHIBAETCS B
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JBOWYHBIN (alii pe3ynbTaToOB, M €CJIM HACTPOHKM OT4YETAa M BBHIOpAHHBIN (pparMeHT
MOJIETM HE MEHSJINCh, TO IpU MOCIeAylomeM BbiOope myHkTa Omuém cpasy xKe
nokaszpiBaeTcs (0e3 renepamuu). B ciydae BeiOopa onmmu [ enepuposamev omuém
3aH060 OTYET BCerja TI'€HEepPUPYETCsl 3aHOBO, JAXKE €CIM HACTpOWKM OT4éTa He
MEHSUTUCH.
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Mesnto PesynbraTsl

—  Bceeoa cenepuposamv omuém 3an060 — NIPH HATMYUH (IakKa OTIET Beeraa
TeHEepHUPYEeTCs 3aHOBO;

- Yuém Txz u Tyz na cpedunnoii nogepxnocmu — npu HAMAIAU (pIIaxkka mpu
BBIYHMCIICHUH HANIPSDKEHUH 111 000JI0YEYHBIX MOJIENICH yIUTHIBAIOTCS
KOMIIOHEHTHI HANPSHKEHUH Ty, U Ty, HA CPEJAMHHOM TOBEPXHOCTH;

—  He oyenusamov npoynocms mopyegwix 30H — IPU HATNYNH (DIaXKKa IPOYHOCTh
TOPLEBBIX 30H (30H MPHUIOKEHUS HATPY30K U KHHEMATHYECKHX KPaeBbIX
YCIIOBHIA) HE OLICHUBACTCS;

—  OyeHKra npouHocmu 8blOPAHHO20 (Ppazmenma — IPY HATUYKHU (PIIakka
OLICHUBACTCS IPOYHOCTH TOJILKO BHIOPAHHOTO (hparMeHTa pacuETHON MOJeny;

—  Membpanubie HanpsadiceHus no CPeOUHHOU NO8epXHOCY — TIPU HATHINH (IaXkKa
HCIIOJIB3YIOTCS TOUYKH MHTETPHPOBAHUS BOJIN3U CPEANHHOM OBEPXHOCTH;

—  Cmamuueckas npoyrocms — eciii (IIaXKOK YCTAHOBJICH, TO OyAeT HIPOBOAUTHCS
OLIEHKA CTaTUYECKON U [IUKINIECKON MPOYHOCTH;

—  Ceiticmonpounocms — ecnu (IIaXKOK YCTAHOBJIEH, TO OyeT IIPOBOIUTHCS OIIEHKA
CTaTHYECKOM U IUKINYECKOW IIPOYHOCTH;

—  3uaxu — cnoco6 BIOOpa 3HAKOB KOMITOHEHT CYMMAapHBIX CEHCMUUECKUX
HanpspkeHuit (cM. OlieHKa CeHCMONPOYHOCTH).

Iocne pacuéra HJC u npounoctu oTuét umeet crnenyromuii Buj (Puc. 107)

Puc. 107 IIpumep omuema nocne pacuéma H/[C u npounocmu (¢ppaemenm)

TEST3_tpoiiniik_83. Oruér E |E|.

D:\DATA_ASTRANOVA\Examples (srTanon)\EXAMPLES\A3C-
\TEST3\ASTD\TEST3_rpodinuk_83

(IHA3 T-7-002-86)

Ouenxa npouHocTy no ACTPA-A3C

Bun pacugTa Max, MIa|don, MIla

Sran 1. Tpynna 2 147.14 176.50

Sran 3. Ipynna 3 (pa3Maxy HanpaxeHMM) 146.78 407.83
3ran 3. Tpynna 4 (aMOIMTyZE Hanpsaxe HWH) 73.39 180.00

CEMCM
Bosgemcreme W1 (cnexTp) CTAI+CENACM| 217.23
CTAN-CENCM
CEMCM
CTAI+CENCH 217.23
CTAN-CEMCM

BosgperncTeue B2
(akceneporpamma)

- PacuéTHOE HaNpPAXSHME NPEeBHNAST NONycKaeMoe
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Ilocne pacuéra Ha omnpeneleHUE NPENCIbHON HAarpy3Kd OTYET HMEET

(Puc. 108)

CIeyIONINI BU]T

Puc. 108 IIpumep omuema nocne pacuéma na onpeoenenue npedeibHoll Hazpy3Ku

Pe 3¥15 TATHI pacye T2 Np e JeIbHOH HATPYSEH

MpepeneHa 2 Hanska®

0.575075

0.7346

KpuTepid

(TES) (pwc. 1)
M3IMEHEHHA OTHOCHTENEHOR

FHOM MEY T HAKNoH

Aol
Ilak CIRT R CHOPOC T

Mnac THYECKoi paBoTel (e, 2)

MPEAENEHOE SHRHEHWE MAPEMETHES HATRY SHA of

WagidieH diawedey

0.957

04256

02692

L3201

0Z7ET 0

0.229

017232
tdaKcMmane HAa rNaeHan gedopmagya

003199 01321

0 0.02362

Pxc.1 MeTo g gpofiHoro YIp YTOI0 HAKJIOHA

[

B

083K 0.9171

06682 07512

0.5853

03364 094 0.5023

MapameTp Harpwsm

HH MAKCHMYMA CKOPOCTH BOFP ACTAHHA 0THO CHTE MEHOH

Puc. 2 Kpurep

finaboTsr

ILTACTHYECKO H DA

HUIL CtaluO
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Mesnto PesynbraTsl

ChopmupoBaHHBI 0T4ET MOXKeT ObITh dKcmopTupoBan B Microsoft Office,
nokyment PDF, moxymentr HTML. [ns 3Toro Hamo BBIOpAaTh COOTBETCTBYIOLIHMIA
ITyHKT B MeHIO Daiin OKHA OTUéTA.

@ain Pegaktop Bug OkHO 7

HoBlid Ctri+N
OTKPbITh... Ctrl+0
3aAEEIME

CoXEAHNTE Chl+5

CoXpaHATE Fat...

NokymeHT PDF...
NokyMeHT HTML...

MeyaTtb... Ctrl+P
MpesEapMTefEHEIA MReeEHMamD
HacTpolika NpUHTEpa...

1 TEST3_TpOMHWK_83.ast
2 Astrastdl.ast

Bbixon
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Menro Bun
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Mento Bug
IapameTpsbl H301MHMI

Iokas JInanora 1jist HACTPOMKK apaMeTpoB u3oauHuii (Puc. 109).

Puc. 109 Juanoe ons nacmpoiixu napamempos uzoiuHuil

Hacrpoiika Tabnuubl LUBETOB il

—LUEETa 1M MHTEpERE KonyyecTeo ugeToEe 12

[v AeToHacTpoika uBeTOE

[¥ ABTOHACTpOAKAE MHTEpEaNOE

11821.2
ABTOHECTROMAKE LEETOE |

108439

98RE G5 AEITDHE[CT[CIDHKE[ HMHTEPEANOB |

BrawunTe BCE |

OTKNHKYUTE BCE |

UeeT oTkNHYEHHOMD
AHanazoHa

204852

1071.26

R I e e s s B B B

93.9833 OTreHa

®  Yucno yeemoswvix epadayuti — ot 2 110 16.

Mpu Hanmmuuu (Qruaxka Aemonacmpoiika yeemog 1UBETa HHTEPBAIOB
oTto0paxkaeMoii BeJTMYMHBI BBIYUCIISIOTCS aBTOMAaTUYECKHU IO CrieKTpy (0T uoneroBoro 10
KpacHoro 1eta). [Ipu orcyTcTBHM 3TOT0 (priara, Bel MOkeTe HACTPOUTH I[BETA HHTEPBAJIOB
[0 CBOEMY YCMOTPEHHMIO, HaXXMMas JIEBOM KJABHIIEH MBIIIM Ha COOTBETCTBYIOLIEM
uHTepBany 1mBere. [Ipu 3TOM, Takke, CTAaHOBHUTCA AKTHUBHOW KHOIKA A@moHacmpoiika
Y6emos, KOTOpask UCIIOJIb3yeTCs Ul aBTOHACTPOIKH LIBETOB IOJIb30BATEIEM.

IIpn Hanmuuu dnara Aemosviuucienue uHmMepeanog NHTEPBAIBl HOPMUPYIOTCS
AaBTOMAaTUYECKHU JIeJIEHHEM MHTEpBala OT MHUHMMAJIBHOTO JI0 MAKCUMAJIBHOTO 3HAYEHHUS Ha
3aJJaHHOE YMCJIO LBETOBBIX rpaaaiuii. [Ipu oTcyrcTBumM 3Toro (hiara, Bel Moxkere camu
3aJaTh BHYTPEHHHE TI'paHUIBl MHTEpBalIoOB. [lpu 3TOM, Takke, CTAHOBUTCS AKTHBHOM
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KHOIIKa Aemonacmpoﬁka uHnmepeanoe, KOTOpasg HCIOJIb3YCTCA MJIA aBTOHaCTpOP'IKI/I
HUHTCPBAJIOB I10JIb30BATCIIEM.

Bbl moxeTe 1o BI:I60py BKJIIOYaTb WJIM BBIKJIKOYAaTh AWAIIA30HBI MPHU MOMOIIU
(bﬂaX(KOB, a Tak)Ke KHOIMOK Brmouums 6ce ouanazonvi 1 Omrnouums 6ce Ouanda3oml.

I[JIS[ HaCTpOfIKPI OBE€Ta OTKIIOYCHHOI'O JUaliasoHa [ABaXXAbl HaXXMHUTC JIeBOM
KJIAaBUIIICH MBIITH Ha COOTBETCTBYIOIIIEM IIBETE.
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Memnro Bun

Hacrpoiika n300pa:keHus MOJEJM. ..

Mocksa, 2023

il

3aKpacka IMUHUTUHHEIH vl

Nokaz pébep IBCE pefpa LI

[~ Nokazeieats yanul

[~ MokazeleaTh rpaHMuHLIe yCnoena

[~ MokazeieaTh ceAam W KECTEME BCTABKM

[~ MokazwieaTh cocpegoToueHHLIE HKECTKOCTH
[T Nokazeieate NCK K3

[~ Cpeawnnan nosepxHocTe ans CMK

[~ Ocepas nunua gna crepiHeil

[v Nokazwieats nereqay

[¥ Nokazeieats Hagnucu

OTMeHa |

3akpacka — pa3nuyHbIe CIIOCOOBI rpagUIecKOro OTOOPAKEHUS HCXOTHOM
u nedopmupoBaHHOU pacueTHOM KO-mojenu. Bo3moxkHBIC BapUaHTHI:
HET 3aKpacKkd, MOHOTOHHas 3akpacka M 3akpacka ['ypo (yuér
oceménnocty) Hawnbonee peamuctuynbiii pexum (3akpacka ['ypo) He
pEeKOMEHAyeTCsl UIsl BHU3yalM3allUd HU30MOJIEH NEepeMeleHUd U
HaANPSKEHUH;

Tlokaz pébep — mpopucoBka pédep KO. Bo3MokHBIE BapHaHTHI: He
MMOKa3bIBaTh pEOpa, MOKa3bIBaTh Bce PEOpa ¥ MOKa3bIBaTh pEOpa TOIBKO
MEXIy HEKOMIUIaHApHBIMU rpaHsMu KO;

Tlokaszeieams y3ie1 - Ha pacdeTHONH KD-Momenn oToOpa3uTh y3Ibl B BIIE
TOYEK;

Iokasvieams epanuyhbie yCloeue — CXEMATHYECKHH II0OKa3 Y3J0B C
3aJJaHHBIMH KHHEMaTHYeCKUMU YCIIOBUSIMH;

Toxa3zvieams c6:3U U JcEcmKUe c6531 — CXEMAaTHUECKUH yIIPyTuX CcBsi3el
1 KECTKUX BCTABOK MEX]y y3J1aMH;

Toxasvieams cocpedomouentvle HECMKocmy — CXeMaTUYeCKUH MOoKa3
COCPEIOTOUEHHBIX XKECTKOCTEN;

Tloxaswisamev JICK KO — pucoBanue JICK K3 B cpeaneit Touke KO;
Cepeounnas nosepxnocmo 011 CIIKD — nipu pucosaanu CITIKD

HCIIOJIB3YCTCA CepeﬂI/IHHOﬁ MNOBCPXHOCTD;
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o QOcesas nunus 01 cmepoicHell — PUCOBaTh cTep)kHEeBble KO B BujE
OCEBBIX JINHUH.

o [lokasvieamy ne2eH0y—CKPBITh WM 10Ka3aTh JereHay (Tabiauily LBETOB)
Ha DKpaHe

e [lokazvleamsb HAONUCU—CKPBITH WIIW MTOKA3aTh HAAIIUCH Ha DKpaHe

Hacrpoiika Hymepauuu...

Brzo JAuaiora aJjis HaCTpOﬁKPI HyMepanuu MOACIN

ﬂ

[~ HymeposaTe yanel

— HyMepauns Ha 3neMeHTax
® Her

" Homep 3nemeHTa

" Homep maTepuana

— Pacnonoxedne HoMepoe Ha CINK3
(" Ha BepxHeii noBepxHoCTH

(" Ha cpeanHHOI NOBEpXHOCTH

(8 Ha HUmHeld NoBepxHOCTH

OTMeHa |

o Hymeposams y31bl — IOCTaBbTE TANOYKY HAIIPOTHB, YTOOBI HA pacdeTHOH KO-

MOJIENTN 0TOOPA3UTh HOMEpa y3JIOB.
e Hymepayus na snemenmax— 0TOOpakeHNE HOMEPOB Ha JIEMEHTaxX
—  Hem
—  Homepa snemenmos — 0ToOpaxkeHHe HOMEPA 3JIEMEHTA
—  Homepa mamepuanog — oToOpaxkeHue HoMepa MaTepHuana
e Pacnonosicenue Homepos y3no6 ons CIIKO
—  Ha HUDICHell NOBEPXHOCMU,
—  CpeOUuHHOU NOBEPXHOCMU
—  GepxHell NOBEPXHOCMU.
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Memnro Bun

Busyaiauszanus
Hactpoiixa BapuanToB nokasa pacuétHoit KO monenun
* lcxogHas Mogens

OcHoBaHWe BuHKNepa
BuU3yanu3auUmns Harpy3ok

MacwTab...

e Ucxoonass modenb — oTpHcOBKa ucxomHo KO momenm ¢ y4éroM 1BeTOB
marepurala,

e OcnosanueBunknepa — TOKa3 Halu4us OcHOBaHMS BuHkiepa Ha rpansx KO
L[BETOM;

e Busyaauzayus nazpy3ok — IOKa3 Harpy3oK Ui pacdéTHOTO (parMeHTa 3JIEMEHTa
TpyOONpoOBOZa TPH IIOMOIIM IIBE€Ta (JaBIEHHE, TeMIepaTypa) M CTPEJIOK
(pactipenenéHHbIE TOPLEBBIC HATPY3KH) ;

e  Macwmab — HacTpoiKa pa3MepOB CTPEJIOK JUIsl OTOOpakKeHHs pacrpeneraéHHBIX
TOPLEBBIX HArpy30K

Buasl

Bua X+
Bua X-
Bua Y+
Bua Y-
Bua Z+
Bua Z-

KO-3 nzomMeTpus
KO-B nzomeTpus
C-B nzomMeTpusn
C-3 nzomeTpus

Br16op cTaHmapTHBEIX BUIOB AJIS MOJCITH
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Bupgern Bce

Brcate m300pakeHne HCXOMHON WK AedopMupoBaHHON pacuetHON KO-
MOJIEIIH B IPaHUILIBI TPauiecKoro okHa.

Ocnb BBEpx

Br16op ocu, HanpaBnenHo# BBepX (ochk X, ocb Y, ochb Z).
KonupoBaTth n3oépaxenue B 6ydep
Kommposate u3obpaxenne rpadudeckoro okHa B Oydep odMeHa (B T.4. is

TTOCTICYOIIEH BCTABKH B OTYET).

IlepepucoBats

IlepepucoBaTh aKTUBHOE OKHO.

122 HUILL CraTuO



Memnro Bun

®parMeHThl. ..

JlaHHBII TyHKT MEHIO NpeaHa3zHa4yeH Juisi GparMeHTanuu mMozenu (B Lemsx
nydiiero oroopaxenus K3-cetkn).
Bo3mokHBI crienyromue croco0bl pparMeHTalum:
—  BKJIIOYEHHE/OTKIIOUCHUE YETBEPTEH MOIENH;
—  BKJIIOYEHHE/OTKIIOUYEHHWE TI0 HOMepy Marepuaia. Hampumep s
TpPOMHMKA (pparMeHTanus IO INTYHEpy, MarucTpaiid, HAKIAIK| It
TPOWHUKA.

oparverms [}

W I 4=TBEEepTE
W/ IT 4=TEEpRTE
W/ IIT 4YeTBEEepTh
¥/ T UeTBEepTh
WMarMc Tpanis
vIITyep
WIHarmanka

W CBADHEE WMEH

OTMEHAa |

®parmMeHT 110 00bEMY BHIUMOCTH. ..

BbI3oB nuanora st ¢pparmMeHraiuu mno o0béMy BUAMMOCTH. [Ipu momornu
“II0JI3yHKOB” yCTaHaBJIMBAeTCS BHIMMBIH 00BEM. 3HaueHuss o0bEMa 3amaloTcs B
NpOLEHTaX OT rabapuToOB MOJENU. DJIEMEHThI COAEPIKALIUECs] B BEIOpAaHHOM 00BEME,
MOTYT Ha3HauaTbCcsi B KadeCTBE HOBOTO (QparMeHTta, iauO0 n00aBieHBl K
CyIIECTBYIOIIEMY (DparMeHTy, JTMOO0 yiaieHbl U3 Hero.
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06 bEM BAOVMOCTA x|
LeicTere IHaaHauMTb HOBLIA hparteHT LI

Mo ocu

D‘J\\\\\\I\Iﬁdlnl\lllllllmé_n

Mo ocuy

;g|\|\||||\||||||||||md|n

Moocu £

gJ|\|\||||\||||||||||m

JU11 TOYHOrO BBOJAA MOJOXKEHUS “TIONI3yHKA™ HY)KHO HakKaTb HA HEM NpaBOH
KJIaBHIIEH MBIIIH U B TIOSBUBIIEMCS] OKHE BBECTH 3HAYCHUE.

g
OTMBHal

(I)pal"MeHT])l o 3JIEeMEHTaM

[epexmouenne ACTPA-CTA/IUO B pexum ¢(parMeHTAIK 110 KOHEYHBIM
anemMeHTaM.  @parmenramms  (MckiloueHHe — BbIOpaHHBIX KD m3  mokasa)
OCYIIECTBIISICTCS MyTEM Ha)KaTWs JIEBOW KJIABUINEH MBIIIM HAa KOHEYHOM 3JIEMEHTE
WA “pPEe3HHOBBIM~ KOHTYPOM.

®parmMeHThI 10 MaTepuaJIamM

[epexmoyenue ACTPA-CTAINO B pexuM (QparMeHTaI|K [0 MaTepraiam
anemMeHTaM.  @parmenranms  (MckiodeHue — BbIOpaHHBIX KD  m3  mokasa)
OCYULIECTBJIACTCS NMYTEM HaXKaTHs JIEBOM KJIABUIIEW MBIIIM HAa KOHEYHOM JJIEMEHTE
nim “pe3snHoBBIM” KOHTypoM. Ilpu stom Bce KD, mMaTepuan KOTOpPBIX COBHAAaeT C
MaTepHanoM BeIOpaHHBIX K3, HCKITIOYalOTCs N3 IPOCMOTpa.

IToxa3athb Bcé

TTokas Bcex KO.
CKpbITH BCE

Ckpeith Bce KO

HNuBepTupoBaTh (pparMeHT

Crnenarpb Bce BuauMbie KO HEBUAMMBIMU, © HA0OOPOT.
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Menio OxHo

HoBOe okHO

Kackan

OeniTh ropaoHTANBHE
DeniTe BEPTIKANBHD
YMOPAAOYATE HKGHE

v 1TRMS3.ast:1
2 TRMNE3 asti2

Kackao

Pacronoxuth OTKPBLITHIC OKHA KaCKaJ0M

ﬂeﬂumb 2OPU3OHMANIbHO

Pacronoxuth OTKPBLITBIC OKHA, pa3acjiiB rOPpU30HTAJILHO

ﬂeﬂumb BEPMUKAIbHO

Pacronoxuth OTKPBLITBIC OKHA, pa3acjiiB BEPTUKAJIbHO

Ynopsaoouume uxonwl

YHOpH)IO‘-II/ITL OKHa, CBEpHYTbIC B UKOHKHN

Okno 1, 2 ...

[lepeiitu B BEIOpaHHOE OKHO
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“CewmelicTBo” mporpaMmHbIX koMiiekcoB ACTPA-HOBA’2023

Memnio IHomoun

Cnpaska BrI30B pa3nenos crpaBKu

O npoecpamme | IIpocMoTp nHPOpMANH O TEKYIIEH BEpCHH TPOTrPaMMBbl

x

ACTRACTAOMO™ - noacMcTerMa YTOYHEHHOD pacYeTa
HENPAKEHHOMD COCTOAHMA M NMEOYHOCTH TMAOELX 3AEMEHTOE

TRYEONpOBEOA0E NPK JEMCTEMK NONHOH CHCTEME
KEB3MCTATHYECKUX HErPY 30K

Mporparda paspasotada g HAL CraluO 2005-20217 rr.
Bepcua nporparme; 202105-p1
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TeopeaneCKoe OIMHUCaHHuE

HopmaTuBHasi oneHKa YNPYIUX HANPSKEHUH

Jis BceX OIMMCAHHBIX JeTalel-3JIEMEHTOB TPYOOIIPOBOMIOB pEaNTU30BaHO
BBIUMCIICHUE TJIABHBIX M DKBUBAJICHTHBIX Hampspkenuit (mo Musecy u Tpecka) B
TOYKaX WHTETPUPOBAHUS.

B ACTPA-CTAJIMO peanm3oBaHa OIEHKa CTATHYECKOW, IHUKIUYECKOW WU
CEHCMUYECKON TPOYHOCTH IS BCEX 3HAYMMBIX 3TAllOB PAacdeTOB IO PazIHYHBIM
poccuiickum. Hopmawm:

e [IHAD I'-7-002-86,
e PJI10-249-98

e PTM 38.001-94

e TOCT 32388-2013

e PJI10-400-01

e TOCT P 55596-2013
e CHulI 2.05.06-85

e (CII36.13330.2012

e TOCT P 55989-2014
e TOCT P 55990-2014
e TOCT P 55600-2013
e PJIPTM 26-01-44-78
e PJI5P.4322-86

IKeusanenmuole HANPANHCEHUA

st oueHKr pacy€THBIX HANPSHKEHUH B 3aBUCUMOCTH OT HOPMATUBHBIX
TpeOOBaHMUI1 UCTIONB3YETCS 2 KPUTEPUSI

Hanpsoxenus Tpecka
oy = max(|oz — a1, |0, — 04|, |03 — 03]), e
04, 0,, 03 — TJIaBHBIE HANPSKEHUS

Hanpsxenus Museca

ni = Mo~ 0" + Moy~ 0.)" + Mo @+ 3(ry + 78+ 15,)
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TIE Oy, 0y, Oz, Ty, Txzs Tyz — KOMIIOHEHTBI HANPSKEHUH
I[IpuBeneHHbIe HANPSKEHUA HA CPeIUHHOMN MOBEPXHOCTH

Hust  obomoueunoit CIIKD-momenu pans  ONpeneNicHUs HANpPsDKCHWH —Ha
CPEIMHHOW MOBEPXHOCTH OEpETCs MOoTycyMMa KOMIIOHEHT HANPSDKEHUH B “HIDKHEH 1
“BepXHEW’ TOUKAX HMHTETPUPOBAHUS MO TouluHe. [Ipm 3TOM mpu OmpeneIeHuu
TJIABHBIX HANPSKCHUH OMIUOHHO MOTYT HCHOIB30BATHCS 3HAUEHMs KacaTEIbHBIX
HAIpPsKEHUH HA CPEJIMHHON MIOBEPXHOCTH Ty, U Ty,

B cnyyae MHOTroOCnoWHON TpPEXMEPHOM MOJAENTH BO3MOXHBI 2 CHUTyallUH —
uémHoe U HeuémHoe KonudecTBo caoéB KO no Tommune.

IIpu uémnom xomudecTBE CIOEB UCIOJIB3YIOTCS  “BEpXHUE’  TOUKHU
HMHTETpUPOBaHUs BHYTpeHHero cios KO u “HuxHME” TOUKM MHTEIPHUpPOBAHHUS UIS
BHEIIIHETO CJIOA.

Ji neuémno2o KOMUYECTBA CIOEB U 2-X TOYEK MHTETPUPOBAHMSA TI0 TOJNIIMHE
3HAYEHHsI KOMIIOHEHT HAMpsDKEHUN Ha CPEIUHHON MOBEPXHOCTH BBIYHCIAIOTCA KaK
MOJlyCyMMa COOTBETCTBYIOIUX KOMIIOHEHT Ha HIKHEW M BEPXHHX MOBEPXHOCTAX. B
ciydae 3-X TOYEK WHTETPHPOBAHMSA II0 TOJIIMHE MWCIONB3YIOTCS 3HAYCHHUS B
“cpemnux’’ mo TommuHe KD Toukax WHTETpUPOBaHMUSL.

B cnydae, korza cIoHO BBIAECIUTH CPEAUHHYIO MOBEPXHOCTD, HAIPUMED MPU
MOJICTTMPOBAaHUU CBAapHBIX COEIMHEHHH TpyO, OepyTcsi 3HaueHHs] BO BCEX TOYKAX
WHTETPUPOBAHUS TI0 TOJIIMHE (3aBEAOMO XYIAIIMH ciay4ail), Ipu 3TOM B OTYETE
BBIBOJUTCS COOTBETCTBYIOIIEE MPEAYIIPERKACHUE.

OneHka MPOYHOCTH N0 rpynnam Hanpsikenuii mo ITHAD T'-7-002-86

OlieHKa IPOYHOCTH O rpymme 2 (CTaTH4ecKas MPOYHOCTb)
[lpuHuMaeTcs, 4TO MeECTHbIE MeMOpaHHbIC W OOLIME H3rHOHBIC CTaTHYECKUE
Hanpspkernst (rpymma 2, (0),, [THAD T'-7-002-86) cOOTBETCTBYIOT HANPSHKEHUAM Ha
CPCIMHHOM MOBEPXHOCTH OT Harpyxamomux ¢(axropoB osrama | pacdera Ha
CTaTUYCCKYIO IIPOYHOCTb.

O1eHKa MPOYHOCTH 110 rpynme 3 (Iprcnoco6as1eMoCThb)

IpuHKUMaETCs, Y4TO pa3Maxy NPUBEACHHBIX HanpsokeHud (rpynma 3, (0)gk,
IMTHAD T'-7-002-86) cOOTBETCTBYIOT HAMPSDKCHHSM HA CPESAWHHOW MMOBEPXHOCTH OT
HarpyXarmmux (akTopoB 3Tama 3 pacyera Ha CTATHYECKYH) U IHKIHYECKYIO
MPOYHOCTb.

OlLieHKa IPOYHOCTH N0 rpymine 4 (IUKIHYecKas MPOYHOCTh

[lpuHuMaercs, YTO aMIUIMTYyJa MECTHBIX  HampshKeHHH ¢ y4éToM
koHtentpamuu (rpymma 4, (o.r)g, THAD T'-7-002-86) COOTBETCTBYIOT TIOJOBHHE
MaKCHUMaJIbHOTO IPUBEJECHHOrO HampshkeHus Ho Tommuee KD oT Harpyxarommx
(baxTopoB 3Tana 3 pacyera Ha CTATHYECKYIO U JUIUTENBHYIO UKINYECKYIO IPOYHOCTb.
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Men1o okHO

OuneHka ceiicMONIPOYHOCTH

11 OueHKHM CEMCMOIPOYHOCTU 110 JIMHEMHO-CIEKTPaJbHOM METOJUKE
UCTIONB3YeTCsl CYMMHPOBAHNE MOJAIBHBIX OTKJINKOB “KOPEHb KBaJIPATHBINA U3 CYMMBI
kBazaparoB” (KKCK) 6e3 yuera koppessiuu hopm

N mod

R= Z:(Rk)2 , TIe

k=1
R— cymmapmeii ceficMuuecknii OTKIMK (TepeMelICHHs, HATPY3KH, YCHIHS W
HaPSDKCHUS) CUCTEMEI,

Rk - MonaspHbIil OTKITHK, COOTBETCTBYIOIIHIA K-0if cOGCTBEHHOM opMe KostebaHui,

N mod - konruecTBO yuuThIBaEMBIX (OPM KONIEOAaHHIA.

[Ipasuno cymmupoBanmsa mo ¢opmam KKCK mnpumensercs mns Kaxgon
KOMIIOHEHTBI TEH30pa CEMCMMYECKHUX HAIPSDKEHUH HAa CPEIUMHHOM IIOBEPXHOCTH.
Ilocme oaToro ompenensOTCs SKBUBAJIECHTHbIE (IPUBEACHHBIE) CEHCMHUYECKHE
HalpshKeHusa 1no kpurepuro Tpecka minu Mmuzeca B 3aBUCHMMOCTH OT HMCIOJIb3yEMBIX
HOPM pacueTa.

zzzz}T

{6%} = {Jf, O'y, 0%, Txys Txz Tyz§ — HAKOIUIEHHBIE CEHCMOHANPSDKEHHUS

N N 2 N
of = [Symet(oR)?, of = [Tymei(a3)”, of = [Zpmri(of)?

N 2 N. N 2
Txy 2 mOd(Txy) ’sz = Z mod(sz)Z Tyz =X mod(Tyz)

T
{6% = {00,060, 02,72,,72,,70,} — crarnueckue nanpsuxkeHus

Jns BBIYMCIICHHSI PACUETHBIX HAMPSOIKEHUH TPYIIIBI (O' )2 OT CYMMapHOTO

S
BKJIaJIa CTATUKH U CEHCMUKH paccMaTpHBACTCS J[Ba CIIydas: CIMAMuKd + ceticMuka u
cmamuka — celicMuka. B TIepBOM ciydae K KOMIIOHEHTaM HANpPSDKEHHH CTaTHUKH
NpUOABISIIOTCS KOMITOHEHTBI HANPSDKCHUH ceficMUKH (ITONyYeHHBIE 10 TPaBHITY
KKCK), Bo BTOpOM ciy9dae — BEIYUTAFOTCA.

-1 — 0 Z 0 X 50 X -0 P 0 P 0
{0 }_ {Gx —O0x, Oy —0y,0; =0z, Txy = Txy, Txz = Txz» Tyz _Tyz}

{oct} = {ax + 02, ay + ay,o'z + 02, ‘rxy + ‘L'xy, 9, + 1%, TyZ + ‘L'yz}

Jarnee onpeensoTcs SKBUBAJICHTHBIC HAIPSKCHUS U BBIOMPACTCS HAUXYIIAN
BapHaHT.

3HaKH KOMIIOHEHT CYMMAapHBIX CEHCMHUYECKUX HANPSHKCHUH OIIHOHHO
BEIOMpArOTCS IMOO BCerAa IONIOKUTENFHBIMU, JHOO COBIANAIOT CO 3HAKAMH
KOMIOHEHT HampspKeHHH 1o (opMe ¢ HauOONBIIMM BKJIAJOM B CyMMAapHBIE
CeCMOHAMPSKEHUS.
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OHI_[I/IOHHO AOCTYIICH TaKX€ BapUaHT ITOMCKa XyIlH.IeI\/’I KOM6I/IH3.HI/II/I 3HaKOB.

T
+1 — 0 z 0 X -0 z 0 ) 0 z 0 z
{0-_} - {O-x + Oy, Oy + 0y, 0z + 0z, Txy + Txyr Txz s Txzr Tyz t Tyz }

Jlns  kaxmoil TOUKM MHTErpupoBaHMs mnpomcxoaut mepebop 2° = 64
KOMOMHAIIMM  3HAaKOB, 3aTe€M OMNpEAeNseTCs MaKCHMaJbHOE 3KBHBAIECHTHOE
HaNpsDKCHNE U BBIOWPAeTCs HauXy (Ui BapHaHT.

Jns oleHKM CceMcMONpPOYHOCTH B Clly4yae 3aJaHds BO3ICHCTBUS B BUJE
aKceneporpaMMBbl, PACCUUTHIBAIOTCS 3HAUEHUS] cmamuka + celicMuxa M cmamuxa —
ceticMuxa, TIe CEUCMUYCCKUE KOMIIOHCHTHI HANPsDKEHUH OepyTCs IS KaXKIOW TOYKH
WHTETPUPOBAHUSA 110 BPEMEHU. BBIYHCIAIOTCS SKBUBAJICHTHBIE HAIPSHKEHUS JUIS
KaXKIOr0 MOMEHTAa BPEMEHHU M BBIOMPACTCS MAaKCHUMAaJIbHOE 3HAUCHHE 3a BCE BpeMs
WHTETPUPOBaHUS.

TpéxmepHble ynpyromjiacTuueckue pacuéTsl 3JieMeHTOB TPyGONpoBoaa

Bunsr ynpyromnactaaeckoro K9-ananmusa:
e pacuer HIC ¢ yuérom mnactudeckux aedopmarmii,

e pacuer HJIC c yuérom aBTOdperupoBanus,
e  OmpejeseHHUe NpeesIbHON HAarpy3KH M0 KPUTEPHUSIM CTaTHYECKOH POYHOCTH.

YipyromnacTuueckue pacuéTbl peau30BaHbl Ul CIEAYIOUIUX BUJOB JI€TaJICH:
e [Ipsimas TpyOa.

e  Tpoitnuk.
e OrtBOI.

e  CaapHoe coeHEHHE TPYO (CBapHOM IIOB).

B 3aBucuMoCTH OT BHIOPaHHOTO BHA HArpy30K HCHOJB3YIOTCS CICTYOUTNE MOICIH
JEeTaleH.
e  DparmeHT geranu (I JaBICHHUS).

e TlomHas Mozens neTanu (U1 IPOU3BOIBHOM HATPY3KH).
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TpexmepHblii ynpyromiactudecknii pacuét MK3D npsimoii TpyOsbI

B kayecTBe Harpy3ok HCHOJB3YIOTCS BHYTPEHHEE JaBJICHHE M KOMIIEHCHPYIOILHUE
OCEBBIE CHJIBI Ha TOpLIAX

B cmny cuMMeTpu4YHOCTM Harpy3KH B KadecTBEe pacdy€THOM Mojenu
paccMaTpHBaeTcst 4eTBEPTh TPYOHI (
Puc. 110) Ha y37pl, Jexamuie B IUIOCKOCTSX CHMMETPHH, HAKJIAJBIBAIOTCS
CleqyIoIe KHHeMaTHIecKue rpaHnydHble YCIoBus: Ha iockoctd X = 0 ycioBue U,
=0, na mockoctu Y = 0 ycnosue Uy = 0, na nnockoctu Z = 0 ycnosue U, = 0.

Puc. 110 Pacuémnas modenv mpyowl. I panuynvie yciosus u Hazpy3Ka
(20 MIla — enympennee dasnenue, -100,2 MIla — mopyegoe pacmsazugarouee
HanpsiceHue)

MIla

zo.00 [
-110.2 [l

A A I I A I

O Y W W Y W T O W
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TpexmepHblii ynpyromiactudecknii pacuétr MK3J orBoaa

Buppel Harpy3ok:
e BHyTpeHHee IaBJIeHUE U KOMIIEHCUPYIOUIUE OCEBbIE CUIIBI Ha TOPLAX OTBO/A.

e [IpousBosibHas Harpy3Ka (BHyTpEeHHEE JaBJI€HHE, TOPIEBbIE CHIIBI 1
MOMEHTEI).

B 3aBucHMMOCTH OT BBIOPAaHHOTO BHJa HArpy30K HCIOJNB3YIOTCS CICIAYIOIINE MOJCITH
0TBOJA
e  UYerBepTh 0TBOAA (IS TABIICHUS).

e [lomnas Monens 0TBOAA (U1 TPOM3BOIBHON HATPY3KH).

Yemeepmov omeoda

Ha y3nb1, pacnionosxenusie Ha miockocTsax X = 0 u Z = 0, HAJIOXKEHBI YCIOBHS
IIIOCKOCTHO# CHMMETPHUH — Ha TUIOCKOCTH Z = 0 HATO)KEHO KMHEMAaTHYECKOE YCIIOBHSI
Uz = 0, Ha mockoctu X = 0 3amperneHo nepeMenieHue mo ocu X.

Jlst orpaHUYCHUS TIEPEMEIIICHUS OTBO/IA TT0 OCH Y BO3MOXKHO 2 BapHaHTA!

e Ha Yy3el IOCpeAMHE CBOOOJHOrO TOpLA OTBOJA Ha BHYTPEHHEH

noBepXHOCTH HajoxkeHo ycnosue Uy=0 (cMm. Puc. 111),

e Ha CBOOOJHBIA TOpEIl OTBOAA HAKIAJBIBACTCS OCHOBaHHE BUHKIEpa 1o
TpéMm  HampamieHusM  X,Y,Z. 3HaueHme kécTkocTedl  BuHkiepa
EF
= Cvvin 1 ’
L+3Ra
3a/1aBaeMbIi 1osib3oBaTeneM, L — amuHa mpsiMoit yactu otBosa, R —panmyc
OTBOJIa, (X - YTOJ PAaCKPBITUS OTBOJIA (B paiiaHaXx)

BBIUMCIISIETCST  Kak kwin rne  Cyin-ko3dduiuent,

Puc. 111 Pacuémmnas mooenv omseoda (vemsepmy). I panuunvle yciosus u HazpysKa
(1 MIla — euympennee Oagnenue, cunue TUHUL — MOpYesoe pacmseusanjee
HanpsdiceHue)
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MIla

1.000 [

Tonnas mooenv omeooa

BapuaHTsI 3aKkperuieHus
e KoHcombpHas cxeMa 3aKperuIeHus.
e  OcHoBanne Bunkiiepa Ha Toprax.

Konconvnas cxema

IIpy KOHCONBHOW CXEME 3aKpeIUIEeHUs OJUH M3 TOPLOB OTBOAA KECTKO
3aKpCILIACTCA 110 TpéM HalpasJICHUAM IIPpU MMOMOINU KHHEMATHYCCKUX T'PAHUYHBIX
ycnoBuil. Topuesas pacnpenenéHHas Harpy3ka NpUKIaAbIBACTCA K HE3aKPEILIEHHOMY
TOpIY OTBOJA.

Ocnosanue Bunknepa na mopyax

B Takom BapmaHTe 3aKpeIUICHHS TOPIEBBIC HArpy3KH MPHKIAJBIBAIOTCA K
obonM Topram otTBoma. IIOCKONBKY OTCYTCTBYIOT KHHEMAaTHYECKHE TpaHUYHBIC
YCIIOBHS, MAaTpPHUIAa CHCTEMBI CTAHOBUTCS IUIOXO OOYCIOBIEHHOH. J[ns yBemudeHUs
ypcia  OOYCJIOBIEHHOCTH  MAaTpHIBI HAa  TOPHBI  OTBOJA  HAKJIAJBIBAIOTCA
JIONIOJIHUTEIIbHBIE HE JKECTKUE 3aKpeIUIeHUs B BHUJAE paclpelelEHHBIX >KECTKOCTEH
(ocHOBaHUs BuHkIepa) Ha 000MX TOPIIAX OTBOAA

Puc. 112 Pacuémnas noanas mooens omeooa (vemeepms). I panuunvie yciosus u
HazpysKa

Mocksa, 2023 133



“CemelicTBo” mporpaMMHbIX koMmiuiekcoB ACTPA-HOBA’2023

MITa OCHOEAHME BHHEI&PAa

1.000 - TopleBad MpaHe 3 -

TopleEad NMpaHE 2
Hem

=Y

TpexmepHblii ynpyromiactuueckuii pacuét MK tpoiinuka

Bunasl Harpy3ok:
e BayTpeHHee naBieHNE 1 KOMIECHCHPYIOIINE OCEBBIE CHIIBI HA TOPIAX
MarucTpaiy U ITynepa.

e [IpousBospHas Harpy3Ka (BHyTpEHHEE AaBIECHHE, TOPIIEBBIE CHIIBI 1
MOMEHTBHI).

B 3aBucuMocCTH OT BBIOPAaHHOTO BHAA HArpy30K HMCHONB3YIOTCS CIEAYIONINE MOJICIH
TPONHUKA:
e UYerBepTh TpoitHUKA (7151 JABJICHUS).

e [lomHas Mozaenb TpOHHUKA (AJIS IPOU3BOIBHOM HATPY3KH.

Yemeepmv mpoiinuka

Ha y3me1, pacmonmoxkennbie Ha TwiockocTsx X = 0 m Z = 0, HamoxeHBI
YCIIOBHS IFIOCKOCTHOM CHMMETPHH — Ha TIOCKOCTH Z = 0 HaJI0)KEHO KHHEMaTHYeCKOe
yemoust Uz = 0, Ha mnockoctr X = 0 3ampemeno mepeMemienne mo ocu X. Jls
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OrpaHHYCHUs] TMEPEeMEelIeHUs] TPOWHMKAa Mo ocu Y Ha y3el MOCpeAuHe Toplia
MarucTpaiu Ha BHyTPEHHEH moBepXHOCTH HanmoxeHo yenoue Uy = 0 (cm.Puc. 113).

Puc. 113 Pacuémnas mooenv mpounuxa (wemeepms)

/
/f//;’.’.’/
LRWLWY

kY

Tonnas moodenb mpotiHUK08020 COeOUHEHUS.

BapuanTs! 3akpensieHust:
e KoHconbpHas cxeMa 3aKpETIICHUs.

e 3anenka co CBOOOIHBIM palvalbHBIM HalpaBICHUEM.
e OcHoBanue Bunkiepa Ha Topmax.
e CocpenoTodeHHble KECTKOCTH Ha TOPLAX.

Konconvuas cxema

IIpy KOHCOIBHOHN cXeMe 3aKpeIUIeHUs] OJUH U3 TOPLOB MarucTpaau >KECTKO
3aKpeIuUIAeTCcs. Mo TPEM HANpPABICHUAM IPU NMOMOIIM KUHEMATUYECKUX TI'PaHUYHBIX
ycioBuid. TopueBas pacnpeaenéHHas Harpy3Ka MPUKIaIbIBAETCS K HE3AKPEIIIEHHOMY
TOpIly LITyLEPa U CBOOOIHOMY TOPILY MAarHCTpalIH.
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3aoenxa co c60600HbIM pAOUATLHLIM HANPABTEHUEM

IIpu Takoil cxeme 3aKperieHUs] OJUH U3 TOPIOB MAruCTPaliv 3aKperIsieTcst
no ocu Z mpu IOMOIIM KHHEMAaTHYECKHX TPaHUYHBIX ycioBud. Ha Tom ke Topue
3a7a€Tcsl OCHOBaHME BuHKiepa € XECTKOCTHIO MO KacaTelbHOMY HaIpaBJICHUIO.
TopueBasi pacnpenenéHHas Harpy3ka NPHUKIAJIbIBACTCd K HE3aKPEIUIEHHOMY TOPILY
mTyIepa u CBOOOTHOMY TOPIY MarucTpay.

Ocnosanue Bunxnepa na mopyax (Cocpedomouennvie HcEécmkocmu Ha mopyax)

B Takmx BapHaHTaxX 3aKpemICHHs TOPLEBBIE HATPY3KU IPUKIAIBIBAIOTCS K
o0oMM TOpIAM MarucTpamud ¥ Toply mTynepa. IIOCKOIbKY OTCYTCTBYIOT
KMHEMATHYECKHE TpaHUYHBIE YCIIOBHS, MAaTpUIAa CHUCTEMBI CTAHOBHUTCSA ILIOXO
o0yciioBneHHON. [l yBemMUYeHUs d4uciIa OOYCIOBICHHOCTH MATPHIBI Ha TOPIIBI
TPOWHUKA HAKJIAJbIBAIOTCS JOIIOJHUTENIBHBIE HE JKECTKHUE 3aKpEIUICHUs B BUIE
COCPEIOTOUCHHBIX WM pacHpelenéHHbIX KEcTKocTel (ocHOBaHMS BuHKIepa) Ha
000uX TOpIAX MarucTpasimM

BapuaHThI IpUIIOKEHUS HArpy30K:
e  bBe3 yuéra nonepeyHsIX CUIL.
e  C y4uéroM MONEepeyHbIX CHUIL.

B Buay mManocTu BKiIaga MOMEpEedHBIX CHII B HAMPSHKEHHO Ae(hOPMHUPOBAHHOE
COCTOSHHE BO3MOXEH OTKa3 OT ydeTa MONEpPEYHBIX CHI Mo onuuu bes yuéma
NONEPEeyHbIX CUll.

B ciyuae yu€ta moOmepedyHBIX CHJI Ha TOPHBI TPOIHHWKA JIOMOIHUTEIHHO
NPUKIIABIBAIOTCS IIONEPEYHBIe CHJIBI M COOTBETCTBYIOIIME KOMIICHCHPYIOIINE
MOMEHTHI H3-3a MePEeHOCa MONEPEYHBIX CHJI Ha TOPIIBL.
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Puc. 114 [lonnas pacuémmuasn modens mpoiinuka. Pacnpedenénnas nazpyska

(MOMeHmbI 8 Wimyyepe u Ma2ucmpanu)

Ocnosanus Bunknepa na mopyax

Konconvnas cxema

OO0Me KOHEYHO0dJIeMEHThIE MOAX0AbI

OcHoBHbIe cooTHOmeHnss MKD

Hcnonp3yroTest ClieayoIue TEPMUHBI 1 0003HAYCHUS

7| 0abHOM crcTeMe KOOPIWHAT X, Y, Z;

- BEKTOp MEPEMEIIECHHUH B TJIO

a3

dy,
{e} = {en €y, €z

{3 =19

CUCTEMC

B

nedopmanuit

KOMIIOHCHT

Yazr Vyz} — BEKTOp

Yy,
z,

{o} = {0y, 0y, 0z, Txy,
KOODJIMHAT X, Y,

KOOpAMHAT X, Y,

BEKTOP KOMIIOHCHT HaIpsXCHUU B CHCTEME

Tyz}Tf

TXZ'

Z7

Jedopmaiiun B Touke CBs3aHbI ¢ IEpEMEIeHUIME COOTHOIIeHHeM Koin

[L]{q}

{e}

1 MaTpUYHBINA OIEpaTOp

rae [L] — nuddepennmansHpr
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4] 0 Ja 0 0 1
Ox dy o0z
L' =|o 0 0 0 0 g
(L) = dy ox 0z
0 4] 0 0o 0
0z dx 0yl

HaHpﬂ)KeHI/ISI CBsA3aHbI C I[C(bOpMaLII/IFIMI/I cootHomenneM Komm

{0} = [D]{e}
rae [D] — matpuna yrpyrux mocTOsHHBIX

[Tepemernenns B KaXI0i TOYKE KOHEYHOTO 3JEMEHTA ONPEICIIIOTCS dYepes
y3JI0BbIe TepeMenieHust mpu momomu ¢Gyakiuu dopmel N; = N;(é,1,{) wm N; =
N;(Lq, Ly, L3, {) crienytormmm oOpazom

N
{a} = Z Ni{q:}

rae {q;}- BEKTOp Y3JIOBBIX MeEpeMelleHuid i-ro y3ma, &,7,{ — KPUBOJUHCIHHBIN
KoopauHaTthl, Ly,Ly,Ls-HaTypanshbie koopauHatsl (Ly+L,+L3=1)

Ax;
{a:} = {qy i}
4z;
Taxum oOpazom:

{e} = Xe[L] Ni{q;} mm

(&)= [Bil{a)

rae [B;] = [L]N;- marpuua nedopmanmii i-ro ysia
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WK B MATPUYHOU (hopMe

q1
ey =81{ %

an
rae [B]- marpuna nepopmanwmii, [B] = [[Bl] [Bz][Bn]] Marpuna gedopmanmuii [B]
COCTOMT 3 N 0J10KOB (N — KoyuecTBO y310B KOJ)
MKD pis 33124 JMHEHOH CTATHKH

Jns 3agad  JIMHEWHOM CTAaTUKH ONpPENessIIoNIe CHCTEMOM JMHEHHBIX
anrebpanyeckux ypasHenunit (CJIAY) Oyner:

[K{u} = (F) 1)
rae:
[K] =) k]
e=1
q1
w=1{%
an

[K] — rno6anbHas Matpuiia sxecTKOCTH pasMepHocThio N X N;
{u} — BekTOp Y3TOBBIX MEPEMEIICHHIA;

L — obIiiee KOIMYIECTBO KOHEYHBIX JIEMEHTOB aHCaMOJIs;

N-— o6miee KOIMYECTBO CTeNeHel CBOGOIBI aHCaMOJIs;

[ke] —MaTpHIIa )KECTKOCTH 3/IEMEHTA,;

{F} — BexTOD y3110BOIf HATPY3KH;

Martpuma xEcTkocTr dMeMenTa [K,| ompenensiercs: cieayomnM o0pa3om

kel = [[[ 117 1p1tB1av
14
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CeMeiicTBO MPOCTPAHCTBEHHBIX 00010Y€YHBIX, MIACTHHYATHIX H
memOpanHbIx KD cynepmapamerpuueckoro tuna (CIIKD)

Jns  anmpokcuManud  O0OJIOYEUYHBIX TMOJCHCTEM Mallol U cpeaHei
TOJIIIUHBI, MMOCTOSTHHOW WIIM MepeMeHHO#, Hanboiee 3PGEeKTHBHBI 000I0YCUHBIC
K9 cynepnapamerpuueckoro tumna (CIIKJ) ITone nepememenuit Baytpu CIIKI
mo ocam X, Y, Z — U, V, W COOTBETCTBEHHO, — OJIHO3HAYHO OMpeIesIeTcs
AHAJIOTMYHBIMHA KOMITOHCHTAMH Y3JIOBBIX TiepeMenieHuit (U;, Vi, Wj) U JBYMs yIJIaMH
nosopota (a5, f3) y3moBoro Bekropa Hopmanu Z’ = {V3} OTHOCHTENBHO HOBYX
B3aMMHO NEPIEeHIUKYIIPHBIX K HEMY HampaBieHuil Y’ u X

( {q31 (Ui
U . V;
{V}=[N]{ o @ =AW
w ) a;
k{q}fbm} kﬁi}

rae: matpuna gopmsl [N] umeer Bug [N] = [[N4] ... [Nnec]]-

10 0 | 050h(Vi)y | —0,50hi(Vay)x
[N]=N/[0 1 0 | 05Ch;(V1p)y | —050h;(Vai)y
0 0 1 | 05(h(Vi), | —0,50hi(V3),

(V1) — IpoeKIMH eTMHUIHOTO BEKTOPA, 10 HAMIPABJICHHUIO COBIAIAIONIETO C
X’waocu X, Y, Z;

(Vi) — To ke mns Y/, {— xoopaunata mo tommuue & € [-1,1] — Tomumua
CIIKD mo i-oii HopMau.

Jst BeramcneHns ko3¢ GunueHToB MaTpuisl [B'], cBsa3pIBaromiei y3moBeie
nepememenus {0°} ¢ komnoHeHTamu aedopMmanus {£’} B IOKaJIbHOH CHCTEME
koopamHat X/, Y/, Z"%

MIPUMEHSETCS MPOIIeypa, onncanHas B [26].

B ACTPA-CTAAUO ucnonssytores 2 tuna CIIKD (Puc. 115):

e CIIKD8 - oO6omoyeuHblii ueThIpEXYronbHbIl 8-Mu  y3noBoir KD ¢
MPOMEKYTOUHBIMH y3JIaMH cymeprapamerpudeckoro cemeiictea (Puc. 115,
a);
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e CIIK26 - o06osoueuHblii YeTHIpEXYroiabHBIE §-mMm  y3moBoii KO ¢
MIPOMEXYTOUHBIMH V3JIaMH Cyliepriapamerpudeckoro cemeiictea (Puc. 115,
6);

Puc. 115 Jlokanvnas nymepayus y3nos CIIKO

a) CIIKD8 6) CITKD6

Dynxyuu popmer Ni ona CIIKI8

N{=%(1+f)(1+n)(f+n—1) Nz’:%(l—$)(1+n)(n—f—1)
M= A-DA-mEn+D M= A+DA-mE 71D
N: =%(1—<§’2)(1+n) Ng =%(1—n2)(1—5)
M =5 (-0 ) Ni=3 -1+ )

Dynxyuu popmur Ni onsa CIIKI6

NL{_ = 4’L1L2, N5, = 4L2L3, N6’ = 4’L3L1

rzie BBeaeHo obosHayenue Ly = 1-L,-L,

Matpuna ynpyrux noctosaHbix [D'] s mzorpomnsix CIIKD crpoutcs Ha
OCHOBe TpEXMEpHOTO 3aKkoHa ['yka B npeanonoxenun oy = 0.
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E Ev 0 0‘
1—v2 1-—v2
E 0 O
1—v?
[D'] = G 0 0
G 0
CHMM. %
G
K

rae: E — momyne ynpyroctu, vV — xo3ddumnuent Ilyaccona, G — Mmomayns
caeura, K = 1,2 — xosddumuent “bopmbpl”, yIydImmaOmui ammpoKCHMAIUAIO
cOBUTOBHIX AedopManuit o Tommuae CIIKI.

Jlnst BecbMa TOHKOCTEHHBIX IUIACTHH U 000JI0YEK € LEebI0 YTy IIeHHUs
00yCIIOBIICHHOCTH MaTpULbl skécTkocTh [K'] MpOBOAHMTCS KOPPEKIHS CBUTOBBIX
ko3 durentos matpuist [D']:

*1 * G *1 G
Dy =P EiDss =EF
KOPPEKTUPYIOLIMI MHOXKUTENb B* npuHuMaeTcst paBHbiM [12], [13]:

B* = min{1, (20h/L)?},

rae: h, L — xapakrepubie (cpeanue mo KD) rtonmmunHa u pasmep B
mnane CITKD.
IMoxpiarerpanpHas matpuia [Cl; npuHuMaer BuI:

Cx O 0
€l =0 ¢, of
0 0 C

rae: Ci, Cyy, Cr;, — K03 dHIUEHT OCTENN BUHKJIEPOBCKOTO OCHOBAHUS B
HAMPABIICHUU TI00ANBHBIX OceH X, Y, Z.

Ipu 3ananun ko3dduunenros nocremu, Cry, Cry, Cr;, B MECTHOH cUCTEME
koopauHat matpuna [C]s npeobpasyercs K Buiy:

Ce 0 0
[C] = [cos(x",x)]"[ O Gy O [[cos(x’,x)]
0 0 Cp
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Bekrop TemmepaTypHBIX (HadaJdbHBIX) AedopManuil {&y} GpopMupyercs B
CIIEAYIOIIEM BHJE:

{86} = {algﬁ a29ﬁ 0; OP O}T

rae: o, & —Ko3(h(UIMEHTH TEMIEpaTypHOTO PACIIMPEHHUs MaTepraia B

HaIpaBJIeHUH oceil oproTponuu 1 u 2,
0=0"+67)/2+O+67)/2

— TeMIeparypa, JMHEHHO pachnpenelieHHas 1o TonmuuHe. [ns
M30TPOIHOIO MaTepuana ¢, = & = & B 00ILIEM cIydyae OPTOTPOIHOTO MaTepHaia
{€a} = [T] {&q}-

Kosdpdumuentsr matpuny CIHKD Beramcnsores mo dopmynam(3.3) ¢
UCIONB30BaHKueM KBanpaTyp ['aycca B KpuBoimHeiHbIX koopaunatax (& n, £ € [-
1,1 mna (0 ; Ly, Ly, L €[0,1] u § st A):

]
LEW(LIGEIRSI ERIIGRIRES))
j=1

roe: j = 1,2,.....,) rtoukm wunrerpupoBanus, &, 1 (L, L, Lg) —
KPUBOJMHEIHBIE KOOPJMHATHL TOYEK uHTerpuposanus, W; — BecoBble
koappunmentsl, §; = 0,5773503 (cm. 3.4).

Ycranosiaeno [6], [13] uro pmns CIIKD HawmydmuMm — sBISETCS
paBHOMepHOE W yMepeHHoe (Ha 1+2 eIMHHMIBI) TMOHIKEHHE TOYHOCTH KBaaApaTyp
MIPY BBIYKCIIEHHH MaTpHIL (3.3) MO CpaBHEHHIO CO CXEMOM, KOTOpast 00ecmeunBaeT
TOYHOE BBIYHMCICHHE OObeMa (TUIOMIagM TIOBEPXHOCTH) W BOCIPOW3BOIWT B
OCHOBHOM XapakTep W3MEHCHHS TOJBIHTETPAIBHBIX MATPHUIl B diieMeHTe. Mcxoms
U3 T0JI0KEHHMs, HopsAgok unTerpupoanus s matpun  [m]5, [k, {p}°
pexkoMeHyeTcst OpaTh Ha 1+2 eIMHAUIBI OOJBIIE, YeM IS APYTHX MATPHII.

C IEJIbI0 DKOHOMHWU MAIIMHHOI'O BPEMCHU W NaMATH NPH BBIYHUCICHUAX
yuutbiBaercss cummerpuudocts  Mmatpuil  [K]5, [k]® [m]%, [c]°, mesaBucumocTs
kosddurmenta marpuit [N], [B] u mp. ot koopauHatsr &.

CemeiicTBO m3onapamerpudeckux Tpéxmepusix K9 (MIIKJ) TBépaoro
Teaa

Tpexmepubie m3omapamerpudeckine K (HUITKDJ) creayer wCHonb3oBath
JIMIIG TaM, TAC aacKBaTHAs amnmpokcuMmaius ¢parmenroB ¢ momoibio CITKD
HEBO3MOXKHAa — B MACCHBHBIX Y3J1aX, TOJICTOCTEHHBIX MHOTOCIIOWHBIX MOACHUCTEMAX,
30HaX MEPECCUCHHS TOJICTOCTEHHBIX 000JI0YCK.

B ACTPA-CTAJIMO ucnons3ytores 4 tuma UKD (Puc. 116)
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e MIIKDI20 — TpexMepHBIH, MIECTUTPAHHBIN YeThIPEeXyTONbHBIN B “Tane”, 20-
i y3nmoBo KO ¢ mnpoMexyTOYHBIMH Yy37IaMH, H30HapaMeTPHUYECKOro
cemeiictra (Puc. 116, a);

e MHIIKD16 — TpexMepHBIH, IIECTUTPAHHBIA YETHIPEXYTOJbHBINH B ‘“IIIaHe”,
JUHEWHBIH 1o TonmmHe 16-y3moBoit KD ¢ mpoMexyTOUHBIMH y3/namy,
n3ornapamerpuieckoro cemeiictsa Puc. 116, 6);

e MHIIKJ15 — TpexMmepHbIH, NATUIPaHHBIA TPeyroabHbBI B “muiane”, 15-
y3510Boit KO ¢ mpomeXyTo4HBIMH y311aMH, H30TIapaMeTPUIECKOro CeMeHCTBa
(Puc. 116, B);

e  MITKJ12 — TpexMepHBIil, IATUTPAHHBINA TPEYTOIbHBIN B “IIIaHe”, INHEHHBINA
mo tommuHe 12-y3moBoit KD ¢ mpoMeXyTOUHBIMH  y3JIaMH,
n3onapamerpudeckoro cemeiicta (Puc. 116, r);

Puc. 116 Jlokanvnas nymepayus yznoe HITKO

a) UTIK320 6) UTIKD16

6) UIIKD15 2) UIIK312

Dynxyuu popmer N onss HITKI20
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Men1o okHO

VYrioBsie y3misl: N; = %(1 + &) +n)A+ )& +1n0+ ¢ —2)

IIpoMexyTOUYHBIE Y3IIbI HA PeOpax:
1
§=0m=2L0=21N=;1-)1+n0)(1+)

=06 =21, = +1:N; = (1= 0?1 + &) (1 + )

Gi=0,& =+1m = 21Ny = (1= {1 + &) (1 + 1)

re BBeaeHo obo3HaueHue &, = &€,y =nin, (o = {;{

@yuxyuu gpopmut Ni onss HIIKI16

,1-¢ ,1+¢ .
N2i—1=NiTJN2i=NiT'1SlSB

rae N - gyskimn hopmbr 06071049€UHOTO YETHIPEXYTONBHOTO HTEMEHTA
@ynryuu opmot Ni onss HIIKI15

VYrnoBble y31b1

1 1 1 1
Ni = ZLiC2L- D-0-5Li(1¢2; N, = 2 LoCLy-1)(10)- 5 Lo(1-62);
1 1
N; = 2 Li2Ly-1) (1) -5 Ls(1 - ¢)
1 1 5 1 1 )
Ny = ZLiCL,-1) (146)- 5 Li(1-62) Ny = 2 Lo(L,-1)(14)- 7 L (162);
1 1
N¢ = 7 L3(2Ly 1) (14)- 5 Ls(1-6)

[IpomexxyTodHBIE Y3ITHI (Ha CTOPOHAX ““TPSAMOYTOIEHUKOB”)
N7 =Li(1-¢?); Ng =L, (1-{?); Ng=Ls(1-¢?)

IIpomexxyTouHbIe y3IIbl (Ha CTOPOHAX “‘“TPEYTONBHUKOB’)

Nyo=2 L1 Ly(1-0); N, =2L,L3(1-(); N, = 2L, L3(1-()
N13=2L Ly(1+(); N ,=2L,L3(1+{); N, o = 2L, L3(1+¢)

@ynryuu opmol Ni onss HIIKI12
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,1-¢ ,1+¢ .
NZi—lzNiT'NZizNiT’1SlS6

B xkauectBe 6azoBbix mis UIIK916 u UIKI12 ucnomssyrorcs UITKI,
siBIstronrecs: aHajnoramu cootBercTBylomux CIIKD ¢ TeM oriamymem, 49TO Yy3IBI
PacToI0oKeHBI TIOMIAPHO Ha “HIKHEW” W “BepxHel MOBepXHOCTAX (ux gucio NPL =
2*NPL), a urcno creneHell CBOOO/IbI B KAXIOM M3 HUX paBHO3 (Uj, Vi, W 110 X, Y. Z).

Marpuist Gopmbr [N] cocrout uz NPL mommarpuig [N] = [[Ny], ..... [Nnpo]]
KaX/ast UX KOTOPBIX UMEET BULI!

1-¢ 1+¢
T 0 0 T 0 0 ‘
1-— 1+
N]1=N,| o 75 0 0 75 0
1-¢ 1+¢
0 0 T 0 0 T

rne: Ni = N (& n) wma N; = N (Ly Ly, L3) — dynxkumm ¢opmsr
COOTBETCTBYIOIIMX DIICMEHTOB MMOBEPXHOCTH [26]

[Ipu yuére Bcex KOMIIOHCHT HampsokeHHd W aedopmaunuii Matpuna [B']
OTIpesieNsieTCsl TakXKe JUIsl JIOKAJIBHOW cuctembl koopauHat X', Y'. Z',9t0 mpm
M3BECTHOM YIOPOKaHHM MPOLEAYPHl MO3BOJSET MOTydaTh HaNpsOKEHHs B Ooiee
WH()OPMATUBHOHM, MO CPaBHEHHIO C TIIOOATHHOW, CHCTEME KOOpAHWHAT. Marpuia
[D'] umeer cnenyromuit Bux [26].

1 Y Y 0 0 0
1-v 1—-v
1 4 0 0 0
1—-v
£l ) 1 0 0 0
-V 1-2
D] = = S 0
1Q+v)AQ-2v) 2(1—-v)
1—-2v 0
CUMM. 20 =)
1—-2v
2(1 —v)l

Bexkrop TemnepatypHbIX nedopmaruii GopMupyeTcs B BHIE:

{5} = [T][a16, @20, a36,0,0,0].
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Men1o okHO

B ormmune or CIIKD y UITIKD HexenaTenpHO MOHKEHHE KBAAPAaTyp IO
CpPaBHEHHMIO C OO0ECTIEeUMBAIOIIMMH TOYHOE BBIYHCIEHHE OO0BEMOB JUISI OOBEMHBIX
HMHTETPAJIOB H ILIOMIAACH I IOBEPXHOCTHBIX HHTErPajoB [26].

Y4ér KHHEeMATHYeCKUX TPAHHYHBIX YCJIOBHI
YuéT OAHOPONMHBIX (HYJIEBBIX) M HEOJHOPOIHBIX KHHEMATHYECKHUX

TPaHUYHBIX YCIOBHM — 3aJaHHBIX IEPEMELICHUN TIPYIINbl y3JI0B — IPOBOIUTCS
myTéM OOHYJICHHS BHEIUATOHAIBHBIX KO3 (UIIMEHTOB COOTBETCTBYIOIINX CTPOK U

CTOJ'I6]_[OB MaTpulbl [K] U  BHUJAOU3BMCHCHUSA MATpULbl HArpy30K [F] =

[{F}.. {F}we].
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CrannonapHas 3a1a4a TeIJIONPOBOIHOCTH

YpaBHEHHE CTAl[IOHAPHOHN TEIIONPOBOJHOCTH B MaTpuyHOi hopme MKD
UMeeT BUJI:

[K]{6} = {Q}, (2)

rac: [K] — MaTpuna TCIIONMIPOBOAHOCTH, AHAJIOT MAaTPUIIbL JIMHEHHOMI

KECTKOCTU
_ , , 3)
K] vaﬂw 17 [K1[B']dV

[B’] — MaTpHIa, ONpeeNsiomas TeMeparypHble rpaaueHTsl B KO gepes

y3JI0BBIE TEMIIEPATYPhI {H},

ke 0 0
K]=|0 Kk, 0
0 0 k

z

K« Ky, k; — KO3 UINEHTBI TEMIONPOBOJHOCTH MO TPEM IPOU3BOJIBHBIM,
B3aMMHO OPTOT'OHAJBHHBIM HalpaBICHUSAM;

{Q} — BEKTOP MOIBOJAMMOTO K y3JIaM TEIlIa,

{Q}={Q}y +{Q}s + {0},

(@ =Y =3, ﬂ | i@, av
@s=Y s = [[nriaas,
=

(4)

{Q}V — BEKTOP MOJABOJIA TeIlJIa, paclpeesieHHOro 10 00beMy,
{Q}s — TO €, HO IO TIOBEPXHOCTH,

{Q}L — KOHIICHTPUPOBAHHBIN IMOABOJ TETIA B Y3JIOBBIX TOYKAX.

3a7a4i TEIUIONMPOBOJHOCTH PEIIAIOTCS Uil CHCTEM, AallPOKCUMUPYEMBIX
TpeXMepHBIMHU H3onapamerprueckumu K3,

148 HUIL CtaluO



Men1o okHO

Y4HUTHIBaIOTCS BCE MPAKTUUECKH 3HAYNMBbIE IPAHUYHBIE YCIOBUSI.

I'pann4HbIe yCIOBUS MEpBOTro poia @ = 6 MOIETUPYIOTCS M0 aHAJOTHH C
3a/laHHBIMU IIEPEMEIICHUSIMU B 33]a4aX CTATUKH

VYcnoBus BTOPOro poja:

00

%ZQS

COOTBETCTBYET HArpy)>KCHHOI MOBEPXHOCTHBIMH CHJIaMH (s I'DaHUIE B
3agagax ctatuku (s = 0 — cB0OOAHAsI MOBEPXHOCTH, YCIOBHE HEMIPOHUL[AEMOCTH).

VYcaoBus TpeThero poja (KOHBEKITHUS)
qs = h(6, —0),

rae: h — mnocrosHHas xoHBekuuu, €5 — TemmepaTypa (3aJaHHAs)
cpensl. Ilpomemypa cBomuTcss K [0OaBICHHIO MAaTpPHUIBl aHajora MaTpHUIIBI
NIPUCOETUHEHHOMN KECTKOCTH:

(k1= [[ v -
e s

K MaTpwuiie terutonposoaHocTH [K], a BekTopa

@=Y || wewrase, (©)
e s

— K BEKTOPY TEILIOBOTO MOTOKA. 31eCh [N] — QyHKIUSA (BEKTOP-CTPOKA)

¢bopmMbI, {H}e — BEKTOp Y3JIOBBIX 3HAUEHUW TeMIEpaTypbl BHELIHEN CPEbI.
Pemenne CJAY

Pemenue cucTeMpl THHEWHBIX YpaBHEHHUH B IIPOrpaMMe BBIIOJIHSIETCS CIACAYHOLIMMH

METO/IaMH:

1) IHpamoia (MUMPS) — sddexTHBHBI MHOrOQPOHTAIBHBIA MPSIMON pelIaTesb
CJIAY (MUItifrontal Massively Parallel sparse direct Solver). Tpe6osarenen 1o
OIIepaTHBHOM MaMATH, HO BpeMsl CUETa 3HAYUTEIFHO COKPAIIASTCsl 110 CPABHEHUIO
C TIPSMBIM TIPO(PHUIBHBEIM METOJIOM (haKTOPH3ALINH.

2) Ipamoii (PARDISO) — pexomenayemblii npsimoii pemarens CJIAY (Parallel
Direct Solver) u3 6ubmuorexu Intel Math Kernel Library (Intel MKL).
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TpebGoBaTeneH 10 ONEPAaTHMBHOW TMaMsATH, HO BpeMsa cu€Ta 3HAYUTEIHHO
COKpAII[aeTCsl 10 CPABHEHUIO C MPSAMBIM MPOGHIBLHBIM METOOM (hakTopu3aiuy.
JanHblil npsiMoii mMeToz, pa3pabOTaHHBIA CIELUHUAIBHO JUIS apXUTeKTypbl SMP
(symmetric multiprocessing), MOXHO OXapaKTepH30BaTh, KaK HCKIIOYMTEIHLHO
s¢¢extuBHbIi. K CyIIeCTBEHHBIM JIOCTOMHCTBOM MeETOJa CIEAYeT OTHECTH
BBICOKYIO IIPOU3BOIUTENILHOCTh M MaclITaOUPyeMOCTb.

3) Memoo conpasncéHHbIX ZpaOuenRmos — umepayuoHHuL METOJ U3 HW3BECTHOTO
OTKpBITOr0 Matemaruueckoro makera PETSc (Portable Extensible Toolkit for
Scientific Computation — paspaborka Argonne National Laboratory/MCS
division, CIIIA).

J171s1 UTepalinOHHOTO METO/1a TOCTYIHBI CIICAYOIIHE P00y CIIaBINBATENN:
e [locnemoBarenbHass BepXHsisi  penakcauust  (pEeKOMEHAyeTcs st
o6weMHuBIX Mogieneit ¢ UTTKD).
e Hemomnas  daxrtopm3amus ~ XONEIKOro  (peKoMeHmyercs — Iis
obonoueunsix Mozeiei ¢ CITKD).

Pacuér ¢ yuerom nmiiacTudeckux aedpopmanmii
OcHogHble COOMHOUIEHUS MeopUuU NIACHUYHOCIU

Jlns HeNMMHEHHBIX MaTephajoB BBIPAXECHHE JUIl MOJHBIX JAehOpMaIni,
clieflyst TUIOTE3€ aJJAMTHBHOCTH MAaJIBIX YIIPYTUX M IUIACTHUECKHX AedopMaiuid,
HMEET BHI;

{e} ={ea} + {gpl}
rue:
{€} — BexTOp 00OIIMX AedhopMaIIHii;
{€e}— BekTOp ynpyrux aedopmarnmii;
{€pi}— BeKxTOp mIacTHYeCKUX AedopManuii;

B Teopum mimacTHYECKOro TEUEHMS IOCTYIHPYETCS W TOATBEPXKIACTCS
9KCMEPUMEHTAIFHO, YTO IUIACTHYECKOE TEUYEHHE HAYMHACTCS, KOTAA HAMPSKECHUS
HaXOJITCS Ha TIOBEPXHOCTH TEKYUECTH:

F({o},H) =0 ()

CBs3p MEXIy MaJbIMU NpPUPAILEHUSAMH IUIACTHUECKHX aedopManuii u
HaNpsKEHUH YCTaHABIMBAETCS B BUIE ACCOYUUPOBAHHO20 3AKOHA MeYeHUs.

{depi} = dA - VoF({o}, H) (®)

rae dA - nnactudeckuit MybTHILIMKATOP, F — QyHKIMS TEKydecTH
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Men1o okHO

T
} — rpaaueHt QpyHkimu F.

VUF={6F JoF JoF

o, 9oy’ " daog

HApyrumu ciioBamu, IO acCOLMMPOBAHHOMY 3aKOHY TEUEHHUS IPHUPALICHUS
TUIACTUYECKHX JieopMalnii epueH UKy PHBI TOBEPXHOCTH TEKYYECTH.

I[JIH ONMCaHus IOBEACHHA MaTe€pualia B 00JIaCTH TUTACTHYHOCTH HMMEETCS
HCECKOJIBKO OHHHﬁ, IIOKa3aHHBIX HHUXKCE.

. Bununeiinoe uzomponnoe ynpounenue (Bilinear Isotropic Hardening,
BISO) wucnome3yer kpurtepmii ItacTHYHOCTH (OH Mmuzeca COBMECTHO C
MIPEATONI0KEHHUEM 00 N30TPOITHOM J1e(hOPMAIIMOHHOM YIPOYHEHHH.

. Mynemununeiinoe uszomponnoe ynpounerue (Multilinear Isotropic
Hardening, MISO) noxoxe Ha ONIMI0 OWIMHEHHOTO M30TPOITHOTO YNPOYHEHHs, 3a
HCKJIIOYEHUEM TOTO, YTO BMECTO OMJIMHEHHOW KPHBOH HCHOJB3YeTCs MONMINHEeHHAas
KpHBas.

Puc. 117. Bununeunas ouazpamma 0epopmuposansi

S A
(52 +
Ey
0'1 +
E
I I >
b1 62
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Puc. 118. Myremununetinas (peanvhas) ouazpamma 0ehopmuposaHust

O5
O 4
Oy
O3

s yenoBust Tekydecti Mu3eca 1 Ciiydas OTCYTCTBUSI yIIPOUHEHHUS YPaBHEHHUE
MTOBEPXHOCTH ITACTHIHOCTH UMEET BHII:

F({o}) = 0e—0r=0
TAC o7 - IPEACT TCKYUCCTU MaT€pUuaia, g — SKBUBAJICHTHOC HAIIPSKCHUC.

OKBUBAJICHTHBIC HAMPSHKEHUS 10 MU3eCy BBIUUCIIAIOTCS 10 GopMyJie:

= L - 2+1 - 2+l —0y)% + 307 + 307 + 30¢
Oc 2(01 a;3) 2(02 03) 2(03 01) 2 Os Og

Wnu B TepMuHax 1€BUATOPOB HANPSKEHUMN

3 3 3
O = 5512 +§s§ + 5532 + 3sZ + 3s2 + 3s¢

Sl =07 — 00,52 = 0, — 0'0,S3 = 03 — 00,54 = 0'4,,55 = 0-5'56 = O
g1+0y+03

3
Fpa)meHT TMOBEPXHOCTHU INIACTUYHOCTHU IJIA KPUTCPUSL Museca

3s; 3s, 3s3 3s, 3s5 3s¢)
VUF={_’_I_l_’_l_}
20, 20, 20, 0, 0, O,

TZIe Gy - THIPOCTATHIECKOE HANPSDKEHUE. 0y =
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Men1o okHO

[Ipp  W30TPOMHOM  YOPOYHEHWH MPEIIONaraercsi, dYTo I[OBEPXHOCTh
TJIACTUYHOCTH MOKET PABHOMEPHO IO BCEM HANpPaBIEHUSIM PaCIIUPATHCS. Y PaBHEHHE
MOBEPXHOCTH TUIACTUYHOCTH UMEET BU/T

F({o}, H) =0e—0or—H=0
rae H — mapameTp H30TpOITHOTO YIPOUHEHHSL.
dH =dA- h,

rae mapamerp he cBsi3aH ¢ MoxyneM ympyroctd E WM TaHTeHIManbHBIM MOIYJIEM
ynpyroctu Et MaTrepuana COOTHOIIEHHEM:

_ EE;
E_ET

Jns onpeneneHus IUIACTUYECKUX JAedOpMalMid TPH JOCTHUTHYTOM YpPOBHE
HanpspkeHnH {6} ®m ympouHeHnn H orHOcmTenmsHO Hem3BecTHBIX {do}, dA, dH
peuiaercs HeJIMHEWHas: CUCTEMa YPaBHEHUH

{do} — [D]{de} + dA[D]V,F({o} + {do}, H + dH) = 0 )
F({o} + {do},H + dH) = 0
dH = dA - h,

rae [D] — marpuna ynpyrux nocTosiHHBIX.

Pewienue nanHo# cuCTEMBI OCYIIECTBISIETCS UTEPAMOHHO MeTo oM HbtoToHa.
SxoOuaH UMeeT CIIeAYIONIIA BUI:

[I] + dA[DIVAF [D]V,F O
J= (V,F)T 0o -1
0 -h, 1

2
rae V. _F marpuua BTopsiX MpOH3BOIHBIX

0(VsF)1 0(VsF)e
VZF = : :

0TF):  0F)s

dog dog
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Jis xpurepus Museca:

(B [B15]
VZF [11 12]
i [821 BZZ]
rie
-1/2 - (V;F);(V,F
/ (a ) )] i=13j=13i+#]
. e = e
Bral:by L2
71:1,3;]:1,3;1:]
—(VF)(VF)
[312]?bij=U—J =1,3;j =4,6;
(VF)(VF)
[321]:bij=—0_ E =4,6;j=1,3;
V.F);(V,F
(% i =46;] =46;i+]
[322]:bij=4 _ ° 2
3-(GF? .
L —————;i=46;j=46;i=]
Oe

anyzonﬂacmuuecmm mampuya ons U30MPONHO20 yRPOUHEHUA

Ipoxuddepenimpyem yciosue miactuaHoctu (7)
doF
dF = (V,F)T{do} + ﬁdH =0

C yuérom Tpetbero ypaBHeHus u3 (9)

dF = {V,F}'{do} —h,-dA =0 (10)

JloMHOHUM TiepBoe ypaBHeHue cuctembl ypasaenuit (9) na (V,F)T u ¢ yuérom (10)
HOJTyIUM

dA-h. — (V,F)T[D]{de} + dA - (V,F)T[D]V,F =0
Orcrona

(VzF)"[D]{de}
(VoF)T[D]VsF + h,
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dA =




Menio 0kHO
[Moacrasnsiem B BoipaxkeHue st {do}

(VoF)'[D){de}V, F
()T [D]VF + he

{do} = [D]{de} -

nim

Vo F (V;F)" [D]{de}
(F)T[D]VF + he

{do} = [D]{de} -

BBeIEM 0003HAUECHHUE

V,F(V,F)"[D] (11)
~ (V,F)T[D]V,F + h,

[Dep] = [D]

To ecTh B TUTacCTHYECKON 00JIACTH TIPUPALICHUS HAPSDKEHUH OYIyT CBSI3aHBI
C TIpUpaIIeHUusIME Jedopmartuii mo Gpopmyie

{do} = [Dep{de} (12)

MaTtpuia kacarenbHON )KECTKOCTH 3JIEMEHTA ONPEIEISIETCA KaK
T
el = [[[ 181 0oy 1810V
v

Martpuiia kacaTenbHON KECTKOCTH CUCTEMBI

L

[Kr] = ) [krle

e=1
CootHouenue (12) BepHO AJIS MabIX IpHpalieHuil 1edhopManuii, oTcrona

BBITEKAET CII0CO0 peuicHus HEJIMHEHHOMN 3aJa4i CTaTUKH — IMOIIAaroBOC HArpy>KCHUEC U
PEeHICHNUEC CUCTEMbI Ha KAXK/JIOM IIare HarpyKeHus.
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Memoo Horomona 01 peutenusa cucmemsl HeJIUHEHUHbIX YPAGHEHUIL (6 MOUKe
unmezpuposanua K3)

Hnst pemienus HenmuHe#HOH cucteMbl (9) B KaXIOW TOYKE HHTETPUPOBAHHUS C
TUTACTHYECKUMH 1e(OpMaIIMH UCTIONB3yeTcs MeTo ] HpioToHa.

ITycTh maHa cucTemMa HEIMHEMHBIX YpaBHEHUH

fxh =0 (13)

rne f— HenMHelHast BEKTOP-(YHKIHS Pa3MEpHOCTH N

Jst pemenust cuctembl Ommoka! MCTOYHUK CCHUIKM He HAaiijleH. UCIONb3yeTCs
CIIEIYIOUINH UTEPAllMOHHBIN IpoIiecce

{x}i41 = {x}i + {dx}y
Ul - {dx} = =f({x})

rae [J] — axobuan ¢pyHkun f.

9fi 9fi
o
m=|: -~
0fn Ofn
e

Memoo Horomona-Pagcona pewtenus cucmemol HenuHelHbIX yPaAGHeH UL

Meron Hetorona-Padcona juist perieHus cucTeMbl HEJIMHEHHBIX YPaBHEHUM
3aKJII0YAETCS B CIENYIOIIEM:

[Krlifdu}; = {F} — {F™""}; (14)

Ui = ()i + {Au); (15)

rae:
[K7];— maTpuia kacaTenbHOU KECTKOCTH

| — HOMep TeKylIel urepanuy;
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Men1o okHO

{F}— BexTOp BHELIHUX CHII,
{F™};— BEKTOp BHYTPEHHHX CHIL

Puc. 119 wmutocTpupyloT ompeaeneHue 3HaueHHd wmarpuupsl [Kr]; u
Bekropa {F™};.

Puc. 119 I'eomempuueckas unmepnpemayus umepayuonHozo memooa Hotomona-

Pagcona
Fi Fh
Fa ——_ Fa /f
K nr
e
Fr i
1
he— A
u u Yi Hirq Hivz2

1

Hnst 3amau ¢ yu€ToM IIACTHYHOCTH Marepuana Harpy3ka {F} 3amaércs mouiaroBo
(Puc. 120):

[Krlni{du}i = {F}n — {F" }n; (16)
rae:
[Kr]n;—MaTpuna KacaTedbHOM MXECTKOCTH JUIi N-TO INara MO BPEMEHH M i-OH
UTEepaLum;

{F},,— nONHBIA BEKTOP NPHIOKEHHOI HArPY3KU HAa N-OM LlIare 1o BPEeMEHU;
{F™},,;— BEKTOp BHYTPEHHHUX CHJI Ha N-OM IlIare o BPEMEHH U i-0if uTeparuu.
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Puc. 120 I'eomempuueckas unmepnpemayus wiazo80-umepayuoHHo20
(unxkpemenmnozo) memooa Hotomona-Pagpcona

Fa __,..r-"""""

Ecnu marpuma sxecTKocTH 0OHOBIISETCSA Ha KaXIOW MTEpanuy, TO Pedb HJIET
o morHoM MeToae HetotoHa-Padceona. B cirydae, korma marpuia ECTKOCTH CTPOUTCS
TONBKO B Hadyale KaKIOH WTepalmMd 1O BPEMEHM METOJ  Ha3bIBAETCA
MoauduipoBanHsiM MeTosioM HbroTona-Padcona.

CXOIII/IMOCTB JOCTUTACTCA IIPU YCIIOBUU:

I{R}| < erRrer (17

IfAus}ll < eytrer (18)
rie: {R} = {F} — {(F"}.

Pacuém H/IC c yuémom asmoppemuposanusn

1. TIpoBoxmutcs pacy€r ¢ y4ETOM IUTACTHUECKUX Ae(popMaIiHid.
2. TlomydeHHple IUTACTHUECKHE JAeopManiy WCIONB3YIOTCS B  KadecTBe
HavaJbHBIX Ae(opMaIiiii 1JIs MOCIEAYIOIEero INHEHHO-YIIPyToro pacyéra.

158 HUILL CraTuO



Men1o okHO

Onpeodenenue npedenbHoil n1ACMUYECKOU HAZPY3KU NO KPUMEPUAM
cmamuyueckoil npoynocmu

s neranei TpyOONpOBOIOB, TAKMX Kak TPyObl, OTBOJBI M TPOMHUKH, a TaKKe
COCYJIOB JIaBJICHHSI B JINTEPAaType BBOMUTCS TOHITHE «IJIACTHYECKOH IpeneabHON
Harpy3km» (plastic load) [63-68]. OTo Harpyska, mpu KOTOpOH B JETaJll BO3HUKAIOT
WHTCHCHUBHBIE  TumacTmdeckwe — aedopmaruum  (gross  plastic  deformation),
OXBAaTHIBAIOIIME BCIO TOJIIMHY CTeHKH. [/laHHOE ompeneNeHrne OBUIO MPEIJIORKEHO B
cratbe Gerdeen J.C. 1979 r. [63].

BaxHO HOHMMAaTh, YTO IpEAENbHas IUIACTUYECKasl HarpysKa, OMpeIesCHHAs
TakuM o00pa3oM, He SBISETCA ICWCTBUTEIBHON TpPEeNeNnbHOW HArpy3KoH Ha
KOHCTPYKIUIO (T.€. HANOOJbIIEeH HArpy3KOH, TP KOTOPOH yIOBIETBOPSIIOTCS YCIOBHS
paBHOBECHS JUISl BHEITHUX M BHYTPEHHUX CHJI M ITPOMCXOJUT pa3pylICHHE JEeTalld MPH
ucnbiTanusx) [64] 1 Ha NpakTHKE MOXET OBITh CyHIeCTBEHHO HiDKe. [IpumeHneHue
MoJX0/a OLEHKH MPOYHOCTH MO MPEAETbHON IUIACTUYECKOW Harpy3ke I03BOJISET
HECKOJIBKO MOBBICUTH HECYIIYIO CIIOCOOHOCTH J€Tadd IpH JOMyHIEHUH paboTHI
MaTepHana B 00J1aCTH YMEPEHHBIX IUIACTUUECKHX Ae(OopMaIiii, XapaKTepU3yOIIXCs
MaJIBIMH CKOPOCTSIMH.

Jns  ompeneneHusi TNpenenbHOM —IUIACTUYECKOHM HArpy3kd 10 JaHHBIM
HaTypHOTO WJIM 4YHCIEHHOTO OKCIIEPUMEHTa M JETald CTPOUTCA KpuBasd,
OTpa)karoIiasi 3aBUCUMOCTb MEXJy Harpy3koi (ImapamMeTpoM Harpy3KH HpH CI0KHOM
Harpy>XeHHH) M XapaKTEepPHBIM MapaMeTpoM JedopMannu (HarpuMep, MaKCUMalbHas
rulactuueckas aedopmanus). [IpenenbHas Harpy3ka OnpenessieTcsi TeOMeTPHYECKUM
CIOCO0OM MCXOJIS M3 BHJIA IIOCTPOSHHON KPHUBOIL.

OcHOBHBIE CMOCOOBI OMpe/eiICHHsT TPEACTbHON ITaCTHYSCKOW Harpys3K,
OIHCAHHBIC B IUTEPATYPE:
e  MeToj ABOIHOrO yrpyroro nakiona (twice elastic slope (TES) criterion);
e  MeTOJ IepeceucHus KacatenbHbIX (tangent-intersection (TI) criterion);
e  Kkpurepwuii rulactnueckoit padotsl (plastic work (PW) criterion);
®  KpUTEpUIl  MaKCMMyMa  CKOPDOCTH  HM3MEHEHHS  OTHOCHTEIBHON
IDTACTUIECKOH PabOTHL.

B rexymeit Bepcun ACTPA-CTAINO peann3oBaHbl 1Ba KPUTEPHUS:
®  METOJ ABOMHOIO YIpPYroro HakJIOHA, KOTOPBIH HanOoJee PpacpoCTpaHEeH
U PEKOMEH/IOBAaH PANOM 3alaJHBIX HOPMATHUBHBIX IOKYMEHTOB TaKHX,
kak ASME [65] u EN [66];
e KpUTEpUH  MaKCHMyMa  CKOPOCTH  U3MEHEHUS  OTHOCHUTEIbHOM
TUIACTUYECKON paboThI.
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Memoo 0soiinozo ynpyzo2o HaknoHa (twice elastic slope)

Crpourcst rpadyK 3aBHCUMOCTH IIapaMeTpa Harpy3kd OT IapaMerpa
nepopmanuu  (HampuMep, MaKCHMallbHas TJaBHas nedopMmamus B JICTallN).
OmnpenensieTcss HaKIOH KacaTelnbHOW K rpaduky B Havdane (B YHOPYrodl dacTH).
Crpourtcs Tak HasbiBaeMas npezaenbHas jauHus (collapse limit line) mox yriom BaBoe
OONBIIMM yIJIa YIOPYro KkacarenbHOW. IlpenenbHas miacTUYeckas Harpyska
OIIpeJIeTISIeTCsl TIepPeceyeHneM IpeebHOW JMHUM W KPHBOHM Harpyska-nedopMariys
(Puc. 121). B kauecTBe medOpMAIMOHHOTO MapamMeTpa IJisl MOCTPOCHHS Tpaduka
OOBIYHO BBIOMPAIOT JIMHEHWHYIO JeQopMalnyio (IKBHBAJIEHTHYIO, HaHOOJBIIYIO
[JIaBHYIO WJIM KOMIIOHEHTY JedopMalii) WIM XapaKTepHOE IMepeMelIeHHe KaKou-
HUOYIb TOYKH JCTANH.

Puc. 121. Kpumepuii 0801iH020 ynpy2020 HAKLOHA

A
Load

Deformation

Kpumepuii maxcumyma cxopocmu usmenenuss OmHOCUMENbHOU NIACIMUYECKOU
pabomwi

IIpemnoxen B padorax Ckomuackoro B.H. u ap. [65,66]. Meroauka KpaTko
OIMCaHa HIUKE.

Pabora mnactuueckux nedopmaruii onpenenseTrcs Kak

VVp = ZNep fVe VVp dVy
r71e yaenpHas paboTa IuiacTHYecKux aedopmamii

[/T/p = fo'idgpi

160 HUILL CraTuO



Men1o okHO

O—l' — MHHTCHCHUBHOCTH HaHpH)KeHI/If/'I, gpl' - HMHTCHCHBHOCTH IINIACTHYCCKHUX

nedopmanui, Nep — KOJIMYECTBO 3JIEMEHTOB B INIACTHYECKOM obOmacth, V. — 00beM

KOHEYHOTO 3JIEMEHTa, V — MOJIHBIH 00beM JieTani. AHAJIOTHYHO OTPENEIISeTCs TI0JTHAS
pabora W.

BBoauTcs OTHOIICHHWE IUIACTMYECKOHW paboThl K IOJMHOH — OTHOCHUTEIbHAs
IUIacTUYECKas paboTa

[penenbHas TUIACTHYECKasl HArpys3Kka ¢, OIpEICsIeTcs Kak Harpyska,
COOTBETCTBYIOIIAs] MAKCUMYMY CKOPOCTH BO3pPacTaHUs OTHOCUTEIbHOHN IIaCTUYSCKOM
paboThI:

dc,

Quim = argmaxg = -

TJie q — mapaMeTp Harpy3Ku.

Ha Puc. 122 nokazan mnpuMep 3aBUCHMOCTH CKOPOCTH HM3MEHEHUS
OTHOCHTENBHOM IIACTHYECKON paboThl OT BHYTPEHHETO JaBJICHHS, TOCTPOCHHBIN IS
TOHKOCTEHHOTO TpOMHHKa [65].

OCHOBHOE MPEHMYLIECTBO MOJXO0Aa B TOM, YTO OH HE COICPIKHUT MpPOOIeM,
CBSI3aHHBIX C HEOJHO3HAYHOCTHIO BBIOOpa NeOPMAIMOHHOIO Mapamerpa WIH TOYEK
IUIsl TIOCTPOCHUSI KAacaTeNIbHBIX, KOTOPbIE XapaKTEpHBI Ui APYTUX MPHMEHSICMBIX Ha
MpPaKTAKe METOMOB (KpUTepHH JBOWHOTO YIPYroro HakKJIOHA, MEpPEeCeUCHUs
KacaTeJbHBIX U TIaCTUYECKOH paboThI).
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Puc. 122 Kpumepuii maxcumyma ckopocmu usmeHeHUust OmHOCUMENbHOU
naacmuueckou pabomuol

Cr

I

0,5

i
/N

03 /
/AR

0,2 /
0,1 /

1,5 2,0 2,5 30Pyp 35 40  p,MIa

> )
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Mpumep ucnoab3zoBanusi ACTPA-CTAIHUO B coctae ACTPA-
HOBA

Ha Puc. 123 — Puc. 130 mnoka3zaHbl (parMeHThl YTOYHEHHOI'O pacyera
HANPSDKEHHOTO ~ COCTOSIHWSI M CCHCMOIIPOYHOCTH — TSDKEJIO — HArpy)KEHHOIO
HEPaBHOMPOXOJHOTO  OPTOTOHAIBHOTO  CBAPHOTO  TPOWHUKOBOTO  COCMHHCHHSI
peanbHOI TpyOompoBoaHOi cucteMbl ADY (Hopmer ITHAD I'-7-002-86).

He3HauuTtenpHOE CHIKEHHE MAaKCHMANbHBIX HAMPSDKEHUE rpymmbl (6s); (¢
377,05 MIla mo 352,76 Mlla), 3adukcupoBanHOe B yrouHeHHOM pacuete mo ACTPA-
CTAJIMO (mo cpaBHenmo ¢  pesynrstatoMm  ACTPA-CEMCM),  HocuT
“UHAMBUAYAIbHBIN XapakTep” W, KOHEYHO K€, HE TO3BOJISIET PACIpPOCTPAHUTH 3TOT
BBIBOJI Ha APYTHE CIIydaH.

Puc. 123 ACTPA-CEHCM. Pacuemnblii mpexkoMnoHeHmHblii CneKmp omeema

“Cre
® : al a2 Orvoarue
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:7 0.4 0.021766 0.028157 S5aBEMCMMOCTE VCKOPEHMA OT HAcTOTH
e 0.43 0.024301 0.030856 i
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11 .53 D.03zssl p.0dlozz
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Ipunoxenue 2. TeopeTHyeckoe ONuUCaHUE

Puc. 124 ACTPA-CEHCM. Moodens mpy6onpoooHoii cucmembi.
Cmamuxa+Ceticmuka.
Tlpusedennvie nanpscenus epynnol (0s),. Makcumym 377,05Mna

PacueTHeie Hanpserla (M) Bosgeictewe NeT [yron N21). Cediruka + BEC + 1aBnEHME.
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Puc. 125 ACTPA-CEHCM. 30ona mpoiinuxa Ne3. Cmamuxa+Ceiicmuka.
Ilpusedennvie nHanpscenus epynnul (0s)2. Maxcumym 377,05Mna
[ 4

guicTere N1 (yron N1). CeliMuka + Bec + aaBneHue.
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Puc. 126 ACTPA-CTA/JHO. Obonoueunas K3-modenv mpotinuxa. Obuguii 6uo

Hedopmayuu (HacumaS 0.0162)
Hazpysanuues o GAKMOTE!
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Puc. 127 ACTPA-CTA/JHO. Obonoueunas K3-modenv mpotinuxa. 3ona nepecevenus
obonouex
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Puc. 128 ACTPA-CTA/JHO. Obonoueunas K3-modenv mpotinuxa Ne3. Ceticmuxa.
Ipusedennvie nanpsicenus epynnul (0s)2. Maxcumym 348,81 MIla (387,13MIla)

L ACTPA-CTAJIMO - [TRN4.ast]
[ wafin Pacuer PesynbTathi Bua OkHo 7

EEEIEEEEE
e XAA & 11 mE MW

Que nka npounocTH(lTHAI [1-7-002-86)

Eua pacueta

Cedicnika ~|

Hanp:
[ @ Mpussaerros © Ornockrenshos

METOQ MPMBEAEHHA HAMSTKEHUA! B TONKSK WHTErPUPOBAHUE B Y3.1bi

| CymiipOBaHME € BeGaNM N0 TaMKaM UHTerHPOBaHUA -

Criocas Gepeaeria na yaar

| CpefHee apHPHETHIBCKOE ;I

Mokas HanpsskeHUl

|Bea ropueser son -

™ M300HM Ha GedopM4pOBaHHDA Crete

T INC Laft 20 MMLEH3 4.
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Puc. 129 ACTPA-CTAJHUO. Obonoueunas K3-modenv mpotinuxa Ne3.
Cmamuxa+Ceticmuka. Ilpugedennvie HanpsaiceHus epynnol (0s),.
Maxcumym 352,76 MIla (377,05MI1a —no ACT. PA—CEﬁCM)

L ACTPA-CTAJMO - [TRN4.ast]
Maiin PacdeT PesynbTaTel BMA OKHO 7
IEEEIEEEE

[«

Hlla
352.76

Bia paciera

|Cramuka + Caiicnaca -

sgeicreve Nl (yron Ned) crkrp
Ceromoscsasriorere NeZ [yron Ne1) anexrp

& Mpreenerios  Drrocirensros |

METGA MPHBEAEHHA HANPHEHMT B TOMSEH HHTETPHAGBAHHA B Yob!

| Caparavipoaride C Becanm o ToHkEM HHTETPHPOBEHHA -

Cnos0B OEpeAHEHHA 0 YaaM

| CpeaHes apUPHETHIECKOE ;I

Mokas HanpaseHwil

|EesTopuestix son E

I~ WMsomunuu Ha gedopriposaHHoii creme

‘5 MyCK ™ NC Left il MALEHS 4. 10, | ok ACTRALCT.., L ACTRACT... & A
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Puc. 130 ACTPA-CTAJHO. Obonoueunas K3-modenv mpoinuxa Ne3. Cmamuxa-
Ceicmuxa. Ilpusedennvie nanpsicenus epynnul (0s),. Maxcumym 351,55MI1a
(377,05MITa — no ACTPA-CEHCM)

L|ACTPA-CTAJMO - [TRN4 ast]
(] waiin pacuer PesyneTatel Bua OkHo 7

NIRRT
@t Q O ®IT | IE M
|

Bua pacera

|Cramaca - Cenerma -

P
© Mpuseaerios " Drvocurenshoe |

METOR MPMEEAEHAR HaTPHEHHit B TOMKE HHTEr PHOSGHHR & Yool

| Cupmposanite ¢ secanit no Toukam HHTErpHpORarIR -
Cnocos ccpeareHis no ysnam

|Cpeanee apupmenimeckoe |

MoK as HanpaskeHui

|Fes mopuestix son |

OTvera

T~ Waanumim Ha aebopriipos anoit crere
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