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IUKJIMYECKON M CefCMHYECKOH IPOYHOCTH OCHOBHBIX JeTalied TpyOOoIpoBOIOB
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IIporpammasiii Mmoxyns ACTPA-CTA/IMO npenHasHaueH Ui yTOUHEHHOTO
pacyera TeMIEpaTypHOrO M HampsbKkeHHo-aedopmupoBanHoro cocrosuus (HIC),
CTaTUYECKOH, IMKINYEeCKOM U ceHCMHYECKOH INPOYHOCTH TSXKENIO HarpyKEeHHBIX
Jerayieil TpyOOInpoBOJOB — OPTOTOHAIBHBIX TPOWHHUKOB (CBapHBIX, LITAMIIOCBAPHBIX,
IITAaMITIOBaHHBIX, C HAKJIQJIKAMH M IUIAKUPYIOMIMM CIIOEM), OTBOAOB M TMOOB (B TOM
qucie, CEKTOPHBIX C YYeTOM JJUIMOTHYHOCTH U NEPEMEHHOM TOJIIUHBI CEUCHMS),
KOCBIX CTBHIKOB, IIEPEXOJOB M JHH3OBHIX/CHIb(POHHBIX KomreHcaTopoB. ACTPA-
CTAINO momuocThio coBMecTMa ¢ [IK ACTPA-HOBA’2023, a Takke MOXET
HCIIOIb30BaThCSl aBTOHOMHO.

B noacucreme ACTPA-CTAAMO peanuzoBaHa aBTOMaTHYeCcKas reHepauus
ONTHMAIBHBIX 110 TOYHOCTH IPOCTPAHCTBEHHO-OOOJMOYEHHBIX (V11 TOHKO- H
“CpemHECTCHHBIX” JJIEMEHTOB) M OOBEMHBIX (IS TOJCTOCTEHHBIX JeTajeid)
pacueTHBIX KOHEYHORJIEMEHTHBIX MOJIENEH.

IMoacucrema obnagaeT qUANOTOBBIM Ipe- U MOCTIPOLECCOPOM, MOXKET OBITH
CBsi3aHa C 0a30il MJaHHBIX THUIOBBIX JJIEMEHTOB, TpeOyeT IHIIb HEoOXOAUMOro
MHHUMyMa uWH}OpManuu Juisi aBTOMaTHYECKOW TEeHepalMd ONTHMAaJbHBIX II0
TOYHOCTH MPOCTPAHCTBEHHO-O0ONOYEYHbIX (11 TOHKO- M “‘CPeIHECTEHHBIX
3JIEMEHTOB) U OOBEMHBIX (U1 TOJCTOCTCHHBIX AETale M CHCTEMBI “TPyOOIpOBOI-
M30JSIIUS-TPYHT’) PAcUeTHBIX KOHEYHORJIEMEHTHBIX MoJeNeld. BhrunciurensHbIM
“aapoM”  CIY)KHT MOIIHBIH  BepHU(UIIMPOBAHHBIA  KOHEYHO/CYHEPAIIEMEHTHBIN
komruiekc CTAJIMO 2023, umeronuii 0OraThli MOCTY>KHON CIHCOK MCCIIEIOBAHHBIX
CJIOHBIX OOBEKTOB aTOMHOM, TEIUIOBOM M TMIPOIHEPIeTHKH, PA3IMYHBIX OTpaciei
CTPOUTENBCTBA U MAIIMHOCTPOCHHUSL.

ACTPA-CTAIUO nonuocteio coBmectuM ¢ ACTPA-HOBA’2023 (3kcmopt
TeOMETPUUYECKUX XaPaKTEPUCTHK, (DU3UKO-MEXaHUUECKHX CBOIMCTB W Harpysok,
UMIIOPT ~ YTOUHEHHBIX  HANpSDKEHMH W MaTpUIl  JKECTKOCTH/TIONATIMBOCTH),
o0ecrieunBaeT YTOYHEHHBIN PacyeT M0 MPOCTPAHCTBEHHO-000I0UYEYHBIM H 00bEMHBIM
cxemMaM MeToja KOHEYHbIX 3neMeHToB (MKD) HampskeHHO-IedOpMHUPOBAHHOTO
cocrostanst (HAC) m mpodyHOCTH CHEAYIOINX TSDKEJIO HArpyKEHHBIX 3JIEMEHTOB
TpyOOIIPOBOOB TpHM JEHCTBUM TMOJHOM CHCTEMBI KBa3HCTaTHYECKUX HArpys3ok
(BHyTpeHHee JaBJlieHHE, BEC W TeMIlepaTypHbIe JeopMaluy, OceBas U IMOIepeUHbIe
CHJIBI, U3rH0aIoONINe U KPYTAIIMHA MOMEHTHI Ha T'PaHUIax-TOPILax):

1) TPOHHMKOB OPTOTOHAIBHBIX M HEOPTOTOHAIBHBIX (KOCHIX) PajHalIbHBIX
(cBapHBIX C 3aYMIEHHBIM IIBOM, IITAMIIOCBAPHBIX, INTAMIIOBAHHBIX M KOBaHBIX, C
HE3aYHIICHHBIMH [IBAMH, HAKIAJKAMH ¥ [UIAKUPYIOIIAM CIIOEM);

2) oTtBOAOB (TMOOB, KOJEH) THYTHIX, KPYTOM3OTHYTHIX, IITAMIIOBAHHBIX H
CEeKTOPHBIX C Y4YETOM OJIUIMNTHYHOCTH, PAa3HOCTEHHOCTH (TIEPEMEHHOW TOJIIIMHEI
CEUEHHsI) ¥ IPUMBIKAIOIINX MPSIMBIX TPYO;

3) KOCBIX CTBIKOB;
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4) KOHUYECKUX MEPEXOI0B;

5) TMH30BBIX U CHIb()OHHBIX KOMIIEHCATOPOB OCEBBIX, YTIOBBIX U CIIBUTOBBIX
(MHOTOBOJHOBBIX C YYETOM MPUMBIKAIOIIHX MIPSIMBIX TPYO).

IMoxcucrema akKyMyJHpyeT MHPOBOW M COOCTBEHHBIN 33-JIETHHH OMBIT
pa3paboOTYMKOB IO AaHANM3y CIOXHOTO IPOCTPAHCTBEHHOTO  PACIIPEACICHHS
TeMIepaTyp, mepeMerIeHni, AeopMariiii 1 HanpsHDKEHUH B IETaAX, ONpPEACIIIOIINK
MIPOYHOCT BCEH TPYOONPOBOTHON CHCTEMBI, B OOOPYIOBaHHH, CTPOHMTEIBHBIX
KOHCTPYKLIUSAX U COOPYXKEHHUSAX.

OCHOBHBIE peanu30BaHHbIC T'HIOTE3bl: M30TPONMS W JMHEHHas yNpyroctb
Metaia (pu3udeckas JIMHEHHOCTH) M MallocTh  Jedopmanuii-nepeMereHui
(reomeTpuUecKast TMHEHHOCTD).

PesynbraTsl pacueTa pu 3aJJaHHBIX COUYETaHUAX HArPy30K:

— TeMIIepaTypHOE T0JIe (Y3JIOBBIC 3HAUCHHS);

— TIepeMelieHus (BapuaHT — IIPM EAWHMYHBIX Harpy3skax — MaTpHua
MOJIATIINBOCTH);

— 3HAauYMMble KOMIIOHEHTHl IIOJHBIX HOPMAalbHBIX M  KacaTEIbHBIX
HanpspKeHUH, TTIaBHBIX HANpPSDKEHNH 1M MPHUBEICHHBIX (9KBUBAJICHTHBIX) HANPSDKCHUH
Ha BHYTPEHHEH, CPEIMHHON M HApYXHOW OBEPXHOCTSIX;

— OLCHKA CTAaTUYECKOM, IUKIMYECKOM U CEMCMHYECKOM IIPOYHOCTH IO
KPUTEPHSIM, IPUHATHIM B COOTBETCTBYIOIIMX OTPACIIX.

XapaktepHoe Bpemsi cueta Ha Pentium 4 1,7GHz nans JuHEHHBIX
MPOCTPAaHCTBEHHBIX M TPEXMEPHBIX 3a/1a4 (TPOWHHMKH, OTBOJBL,...) — 60-200cek, mis
HEJTMHEHHBIX TPEXMEPHBIX 33124 aHajIu3a M0A3eMHbBIX TPYOOIpOBOIOB — 10 1 yac.

B rteuenne mnepBoro gecarunetuss cBoed xku3Hu ACTPA-CTAJUO
UCTIONIb30BANIACh IPEUMYIIECTBCHHO CAaMHUMM pa3pa0OTYMKaMU TIPH  BBINOJIHEHHH
3aKa3HBIX HAyYHO-HCCIICIOBATENILCKUX pPabOT (Kak MpaBWIO, JUIl YTOYHEHHOTO
pacdera jeTaiel, He YIOBIETBOPHBIIMX KPUTEPHAM NPOYHOCTH NPH pacyere Mo
ACTPA-HOBA wmm japyruM TporpaMMaM pacdera TpyoOompoBoaoB). Taxkas
BO3MOXHOCTh cyuiectByeT U npusetcrByercss HUL[ CraluO u ceituac. bonee Ttoro,
HEM3MEHHBIM OCTaeTCsl NPUHLUIHAIBHBIA, paHee IMPOBO3MIAMICHHBIH MOIXOM:
npocpamMmuble  CUCMEMbl MAKo20 KIACCA OO0JICHbI  UCHONb306AMBCS  MOJbKO
pacuemyukamu-npopeccuoHaramu.

B noncucreme yTowuHeHHOro pacueTa netane Tpy6ompoBonoB (ACTPA-
CTAJVO) peanuzoBaHa aBTOMATHYECKas TEHEpPAlUs ONTUMAIbHBIX IO TOYHOCTH
MPOCTPAHCTBEHHO-000I04YE€YHbIX (M1 TOHKO- H “CPEJHECTCHHBIX” 3JICMEHTOB,
KpUBOJMHEHHBIE 6-u u  8-m  y3moBele KD  mepeMeHHOH — TOMNIMHBI
cynepmapaMmerpuyeckoro cemeiictea, CIIKD) wm o00beMHBIX (I CpemHe- W
TOJICTOCTEHHBIX JieTaneH, 12-u, 15-u, 16-u u 20-u yznossle KO uzonapamerpuyeckoro
cemeiictBa, UTTKD) pacdyeTHBIX KOHEUHOAIEMEHTHBIX MOJICICH — CM. TaOIUITy.
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Tabmuna 1 Tuner neraneit, KO u Bugsl pacuera

Jertanp (35eMeHT, y3er) Tumer K3, Bug cetkn plggf;a Pucynox
e  CIIKD8 (mepeceuenne
mrynepa W MarucTpaiad 1o
BepxHeif W HIDKHEH Puc. 2
MTOBEPXHOCTH); (2)
Tpoiinuk ceaprou e CIIKDS8 (mepeceuenne
C 3aYHIICHHBIM [IBOM mrynepa ¥ = MarucTpajid 1o Puc. 1
CPEIMHHOM NOBEPXHOCTH)
e  UIIKD-16
e WIIKD-20 (1-4)
MHorocioiiHas cxema
Tpotinux ceapHou e UIIKD16
C 3aYHMIICHHBIM LIBOM e  UIIKD20 (1-4) Puc. 4
U TTAKUPYIOLINM CIIOEM MHorocoiiHas cxema
e  CIIKDS, CIIKD6 (2) Puc. 12
Tpotinux wmamnosanHulii
U WMAMNOCEAPHOU e  UIIK316, UTIKD12
(c TIHYTOH TOPIOBHUHO) e WIIKD20, UITKDI15 (1-4) Puc. 13
MHorocinoitHas cxema.
Tpounux wmamnogannvii | o HUIIKD16, UTIKI12
U WMAMNOCEAPHO e MIIKD20, UTIKD15 (1-4) Puc. 14
C IUTAKUPYIOIINM CIIOEM MHorocoiiHas cxema
e CIIKD8 (nmepeceuycHne
mrynepa W MarucTpaid 110
BEpXHEH u HIDKHEH
MMOBEPXHOCTH); 2
Tpounux ceapnoi e CIIKS8 (nmepeceuycHne
C 3aYMUICHHBIM WIBOM U | mTyriepa M MArHCTPatd IO
HAKJIAJIKON CPEIMHHOI TIOBEPXHOCTH)
e UIIKD16
e  UIIKD20 (1-4) Puc. 8
MHorocinoiiHas cxema
Tpoiinux ceapHou e CIIKD8 (mepeceuenue
C TIPOIYIICHHBIM mTynepa W MarucTpaiid 1o (2) Puc. 7
HITYLEPOM CpEe/IMHHOM NOBEPXHOCTH)
Mockga, 2023 11




“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

Buer
[Heranb (a:meMeHT, y3ei) Tunsr K3, Bug cetku pacuéta Pucynox
HHCHE ’ o WIIKD20 (1-4) | Puc. 9
HaKJIaIKOH .
MHorocnoiHas cxema
U TJTAKUPYIOLINM CIIOEM
Tpoiinuk ceaprou e  MUIIKDI16, UTIKD12
o mBOM (“TPEyTrOJHHHK ) e  HIIKD20, UTIKD15 (1-3) Puc. 10
“HITYHep-MarucTpaip” MHorocoiiHas cxema
Tpouinux ceaphoii
C HaKJIaJIKOW U . HIIKD316, UTIKD12
[IBAMH “mrynep- | o  WUIIKD20, UTIKD15 (1-3) Puc. 11
MarucTpanb-Haknajaka” ¥ | MHorocioiHas cxema
“MarucTpaib-HaKnaaKa’”
e CIIKD8 (nepeceuyenune
mrynepa ¥ MarucTpaid 1o
Heopmoconanvuwiii BEPXHEH u HIDKHEH
(“xocou”) ceapnoii | TOBEPXHOCTH); (2)
MPOUHUK o CIIKD8 (mepeceucnune
€ 3a4UWeHHbIM WEBOM mrynepa ¥ - MarucTpand - 1o
CpeAMHHON NOBEPXHOCTH)
e UIIK316
1-3 Puc. 30
o UIKD20 (1-3) e
Ceepaénviti  mpouHux ¢ e WIKD20 (1-3) Puc. 31
HEKOIbYeBbIM KOPNYCOM
e CIIKD8 (mepeceuenune
mrynepa ¥ MarucTpaid 110
Heopmozonanouoiii BEPXHEM u HIDKHEH
(“rxocou’”) ceapmoii | TIOBEPXHOCTH); )
MPOUHUK e CIIKS8 (mepeceuycHne
€ 3AUUUJEHHBIM WBOM mrynepa ¥ = MarucTpaid 110
U HAKIAOKOU CPEIMHHON MOBEPXHOCTH)
e UIIKD16
o WIKD20 (1-3)
o CIIKD8 (1-4) Puc. 15
Omeoo SHymulil (c
TIPUMBIKAOIIMHU e MHIKD3I6,
TpyGam) e  UIIKD20 (1-3) Puc. 16
MHorocinoiiHas cxema
1?1’11:1?;?40 10 I‘Z\tfmcl;i?)eM (g * HIK9IG,
pyiort e WIIKD20 (1-3) | Puc. 17
MPUMBIKAIOIIMHU N
MHorocinoiiHas cxema
TpyOamMm)
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Beenenue

Bunsl
Jeranb (a:meMeHT, y3en) Tunsr K3, Bug cetku pacuéTa Pucynox
e CIIKD8 -mepeceueHue 10
BEpXHEW U HI)KHEN NOBEPXHOCTH @)
Omeoo  cexmopnviti (¢ | ©  CIIKD8 —mepeceuenne 1o
MIPUMBIKAFOIITAMH CPEIMHHOHN TIOBEPXHOCTH
TpyOaMm) e  UIIK3I6,
e  UIIKD20 (1-3) Puc. 18
MHorocnoiiHas cxema
C mnapyioni croe | MTKI6,
pyiom o HIKD20 (1-3) | Puc. 19
(c MPUMBIKAIOITIMU -
MHorocioiiHas cxema
TpyOaMu)
e CIIKD8 — mepeceueHue IO
. N Puc. 21
BEpPXHEH ¥ HIOKHEH TOBEPXHOCTH @)
e (CIIKD8 -mepeceyenue 1O 20
Kocor cmuic CPEIMHHOM IOBEPXHOCTH Puc.
o  UIIK3I6,
e  UIIKD20 (1-3) Puc. 22
MHorocinoiiHas cxema
Kocoti cmuvik ° HIKI16,
e  UIIKD20 (1-3) Puc. 23
C TWIAKUPYIOIIAM CIIOEM N
MHorocnoiHas cxema.
Kocoti cmuix . I/IHK?ZO, HIIKD15 (1-3) Puc. 24
CO CBapHBIM ITBOM MHorocoifHas cxema
IHpsmasn mpyba
(uemsepmy) . I/IHK?20, HIIKD15 (1-3) Puc. 25
C KOJBIEBBIM CBapHBIM | MHOroCIOiHas cxemMa
IIIBOM
Csapnoe coeouHenue e WIKD20 (1-3) Puc. 29
mpyo ( nonnas mooenv)
;erHgﬁnlf Iiil(H;I; ﬁe;:;;:::m " Puc. 27
11 0 2
Pexo e (CIIKD8 -mepecedenne 1O @)
N Puc. 26
CPEIMHHOM NOBEPXHOCTH
Komynencamop . | e CIKDS8 ) Puc. 28
(crTb(hOHHBIH, TMH30BBI)
(1) — craunoHapHas 3a1a4a TEMIONPOBOAHOCTH
(2) — pacuer HAC u npounocTn
(3) — xomOuHHpOBaHHBI pacueT (ONpeIeNicHHEe TEeMIEPaTypHOTO TIIONSl |
HCTIONB30BaHNUE €T0 B KauecTBe TeMIepaTypHoil Harpy3ku jsa onpenenenus HJIC)
(4) — popmupoOBaHIe MATPHIIBI JKECTKOCTH JETAIH (IIEMEHTA)
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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

CIIKD8 — 4eThIpexyroJbHblil B IU1aHe 8-y3710BOit 000710UeUHbI KOHSUHbIH JIEMEHT C
MIPOMEKYTOUHBIMH y3JIaMHU CyIIEpIapaMeTpHUUECKOro ceMeiCTRa.

CIIKD6 — TpeyrosibHbI B IUIaHE 6-y3JOBBI 00OIOYEHHBIH KOHEYHBIA DIEMEHT C
MIPOMEKYTOUHBIMH Y3JIaMHU CyIIepIIapaMeTpHUUECcKOro ceMeiCTRa.

MITIKD16 — TpexMepHbli, MECTUTPAHHBIN YETBIPEXYTOJIBHBIN B “IlIaHe”, JTMHEHHbII
o ToamuHe 16-y3noBoit KO ¢ npomMexyToYHbIMU y31aMu.

WIIKD20 — TpexMepHbIH, IIECTHIPaHHBIA YeTHIPEeXyroybHBIH B “uiane”, 20-Tu
y310Boi KO ¢ mpoMeXyTOuHBIMH y3J1aMH.

WIIKD12 — TpexMepHbI, NATUTPAHHBIA TPEYroJbHBIA B “IUTaHe”, JUHEHHBIA IO
TonmuHe 12-y310Boit KD ¢ mpoMexXyTOUHBIMH y3/1aMH.

WIIKD15 — TpexMepHbIi, IATUTPAHHBIA TPEYroJbHBIN B “miane”, 15-y3mosoit KO ¢
MIPOMEKYTOUHBIMH y3JIaMU.

14 HUILL Cta/IluO



CIIKD no

UHUK C6APHOU C 3A4YUU{€HHbIM UUBOM.
6EPXHEU U HUIICHeU noeepxHocmu

Puc. 2 Tpo

CIIKD no

CpeOunHOl NOBePXHOCMU

UHUK C6APHOU C 3AYUWEHHBIM ULBOM.
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UHUK ceapHmZ C 3a4UUeHHbIM UUEOM U

Puc. 4 Tpo
naaxupyrowum cioem. UIIKD16 (UTTKD20)

HIIKD16

UHUK C8APHOIL C 3A4UUEHHBIM UUBOM.
(UTTKD20) mnoeocnotinas cxema

“CemeiicTBo” nporpamMmmubIx komiiekcoB ACTPA-HOBA’2023
Puc. 3 Tpo
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U U HUDJICHELL nosepxnocmu

Puc. 6 Tpotinuk ceapHoil ¢ 3a4unuyeHHbIM WEOM U HAKAAOKOU.
CIIKD no eepxne

Puc. 8 Tpotinux ceaproil ¢ 3auuuyeHHbIM WE8OM U HAKIAOKOU.
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Bsenenue

UHUK C6aApHOU C 3A4UULEHHbIM ULBOM U

naxnaoxou. CIIKD no cpedunnoii nosepxnocmu

Puc. 5 Tpo

UHUK C6APHOU C NPONYUIeHHbIM UWMYyepom.

Puc. 7 Tpo
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HUIIK316 (UITK320) mHococnotinas cxema

CIIKD no cpedunHou nogepxuocmu

HUILL Cta/IlnO
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Bsenenue
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(“mpeyzonvrux”) “wmyyep-
7. UTIKD20 muococnotinas cxema

UHUK C6APHOU CO ULBOM

Puc. 10 Tpo

Puc. 9 Tpotinux ceaproil ¢ 3auunujenHbiM WE0M, HAKIAOKOU U

naaxupyiowum cioem. UIIKD16 (UTTKD20) mu
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u

(c manymo

UHUK WUMAMNOBAHHBIN U WMAMNOCBAPHOU
eopnosunout). CIIKD

“ Puc. 12 Tpo

Puc. 11 Tpoiinux ceéaproii ¢ HakIadKou u weamu “‘wmyyep-

MHO20CNIOUHAS CXema

“«

”

“CemeiicTBo” nporpamMmmubIx komiiekcoB ACTPA-HOBA’2023
Mazucmpanv-naxnaoxa” u “macucmpanv-naxiaoxa’”. UIIKD20
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Bsenenue
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(c manymo
CcnoliHas cxema

UHUK WUMAMNOBAHHBLIL U mmaMnoceapH()ﬁ

i (c Puc. 14 Tpoii

MHO20CNOUHAS cXemd

UHUK UWMAMNOBAHHBIL U wmamnoceapHo

Puc. 13 Tpo
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“CemeiicTBo” nporpamMmmubIx komiiekcoB ACTPA-HOBA’2023

Puc. 16 Ome0o0 enymwiii (¢ npumsikarowumu mpyoamu). MIIKD16

Puc. 15 Ome0o0 enympwiii (¢ npumsikarowumu mpybamu). CITIKO

(UTTKD20) mnoeocnotinas cxema
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Bsenenue

Puc. 18 Ome0o0 cexmopmbvlii (¢ npumvlkaowumu mpyoamu).

Puc. 17 Ome00 enympiii (¢ npumsikarowumu mpyoamu,) ¢
naaxupyiowum croem. MIIKO16 (UTTKD20) muozocnoiinas cxema

HUIIKD muoeocnotinas cxema
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“CemeiicTBo” nporpamMmmubIx komiiekcoB ACTPA-HOBA’2023

Puc. 19 Ome0o0 cexmoprbvlii (¢ npumvlkaowumu mpyoamu) u

naaxupyowum cioem. UTTIKD mHozocnolinas cxema

HUILL Cta/IlnO
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Beenenue

Puc. 21 Kocoii cmuix. CIIKD, nepeceuenue no éepxmeil u HUdCHell

Puc. 20 Kocoii cmuix. CITIKD, nepeceuenue no

noseepxnocmu
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“CemeiicTBo” nporpamMmmubIx komiiekcoB ACTPA-HOBA’2023

Puc. 23 Kocoii cmuix ¢ nraxupyiowum cioem. MTIKD

Puc. 22 Kocoiui cmuix. UTIKD muoz2ocnounas cxema

MHO20CNIOUHAS CXema
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Beenenue

Puc. 25 lpsimas mpyba ¢ konvyegbim c6apHbIM UWUBOM.

Puc. 24 Kocoii cmuix co ceaprvim weom. UTTKO

UTIKD mnozocaotinas cxema

MHO20CNIOUHAS CXema
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“CemeiicTBo” nporpamMmmubIx komiiekcoB ACTPA-HOBA’2023

Puc. 26 Ilepexoo. CIIKD, no cpedunnoii nogepxnocmu Puc. 27 Hepexoo. CIIKD, no eepxuetl u HudicHetl
no8epxXHoCmu

CHK2 CIK>
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Puc. 28 Komnencamop (cunoghonnwiii, 1un306blii)
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Puc. 29 Csapnoe coedunenue mpy6. HIIK320
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Puc. 31 Cseepaénuoi

HIIK220
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“CemeiicTB0” porpamMmubIx komiuiekcoB ACTPA-HOBA’2023

Kpartkoe onucanne ceanca pa6orsi ¢ IIK ACTPA-CTAIHUO

Hnsa  yrounenust temmepatypHoro moins, HJIC, OIEHKH CTaTHYeCKOM,
uuKiuuecko u cedicmuueckoi mnpounHoctu geranun B [IK ACTPA-CTAIAMO
HEOO0XOIMMO C/IETATh CIICAYIOIIee:

1. IIpoBeaute cratudeckuit unu cedicmuueckuii pacuer B ACTPA-HOBA.
Hecmotpss Ha To, uto B mporpamme ACTPA-HOBA celicMudeckuii pacueT MOXeT
NPOBOANTBCS  0€3  TPEeNBapUTENBHOIO CTaTUUECKOrO  pacueTra, sl  OLEHKH
ceiicMmuecknx HamnpspkeHnd ¢ yderom ctatukd B ACTPA-CTAJJMO neoOGxommmo
nposectu cratuueckuil pacuer B ACTPA-HOBA, T.e. OOMKHBI IPHUCYTCTBOBAaTb
pe3ynbTaThl pacueTa Jtamna 1

2. Bribepure netanp-3neMeHT TpyOOnpoBoia B rpaduecKoM OKHE, pe3yIbTaThl
M0 KOTOPOMY He00XoauMo yTouHuTh mpu nomornu MKD-pacuera (Puc. 32). Bsr
MOXETe MPOMYCTUTh 3TOT MYHKT, U BBIOpATh dJIEMEHT B mocienyomem nuanore (Puc.
34).

Puc. 32 Buibop snemenma ¢ ACTPA-HOBA

L5 ACTPA-AOC - [0:\DATA_ASTRAROVA\DAMPLES S\TESTI\TEST3) JrIE |

I owin fsree Peascrop Pacer Pemran B Gwe 1 s

D@0 OF @ coosmmomronpan. [$ =& LH O P TeTo Gty o | T

[oacror 68 260 e 3% 3=

'.IWMCCOP

= 4

% )

g Lad

2 i

r i

el -
|
A4

=4

o

N

b

#*

=

o L}

=] A

N ¢
7ACTPA-A»3C (201405) . CASC 3 Guox I
3. Beibepute HeoO6xomuMbIil THIT pacueta B Mento Pacuem (Puc. 33). ITyHKTBI

JaHHOI'O MCHIO aKTHBHBI B 3aBUCUMOCTH OT HaJIMYUA 3JICMCHTOB B CXCMEC, a TaAKXKEC OT
HAJIMYHS PE3YJIbTATOB PAacYeTOB HA CTATHUYCCKYH W IMKIUYECKYH) MPOYHOCTH U
CelCMOBO3ICHCTBHS.
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Kpatkoe onucanue ceanca pa6otsr ¢ [IK ACTPA-CTAANO

Puc. 33 Menro MKD-pacuem snemenmos ¢ 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, OxoHYaTeNIhHO MOATBepaUTe BBIOOP 31eMeHTa (Puc. 34). B cmydyae Hammuauns
pe3yNIbTaTOB pacyeTa Ha CEHCMOBO3ICHCTBHS MOXET OBITH BBLIAHO CIEAYIOLICE
npenynpexaeaue (Puc. 35)

Puc. 34 Jluanoe ons okonuamenvrozo svioopa 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 Omra3z unu noomeeporcoene nOBMoOPHO20 CeCMUUECKO20 paciema

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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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

IIpu orBere “Jla” moOBTOpsieTCA CEHCMHUECKUI pacdeT C COXpaHCHHEM
CHIJIOBBIX (DAaKTOPOB JJISI KaXIOW YIUTHIBAEMOH COOCTBEHHOW (GOpMBI KoeOaHWi
(cTIeKTpHI OTBETA) WITH TS KAXKIOTO MOMEHTA WHTETPUPOBAHUS (aKCEeIepOTpaMMEl).

Ipu otBere “Her” B ACTPA-CTA/JMO mocTymaioT TOJNBKO CTaTUYECKHE

Harpy3ku B cilydae MX Hanuuus. [Ipu uX OTCYTCTBHM Harpys3KH NpPUASTCS 3a1aBaTh B
ACTPA-CTAIO BpyuHyIO.

5. Coxpannte ¢aiin ACTPA-CTA/IMO B nyxHoi Bam nanke (Puc. 36). B
BbIOpaHHOW Bamu mamnke B majibHeiinieM OynyT pacroiarathest (aiiiibl ¢ HCXOIHBIMU
JTAaHHBIMH U pe3yJIbTaTaMH pacueTa.

HazBanue ¢aitna ACTPA-CTA/IUO ¢opmupyercs Mo cCleayromeMy
mabNoHy: <ums npoekma™>_<mun demanu>_<pacnoodicerue oemau>.ast,
rae

o  <umsa npoexma> — M4 ¢aitna npoekra ACTPA-HOBA,

e  <mun demaau> — TPOHHHUK, OTBOJI, IEPEXOJ], KOMIICHCATOP, CTHIK (A KOCOTO
CTBIKa ¥ CBApHOTO IIBA);

e <pacnonodxcenue demaiu> — NACHTAGHUINPYET MOIOKEHHUE JICTAH B MOZIEIH
ACTPA-HOBA, HOMepa y3na ansi TpOWHUKOB, HOMEpA ydacTKa M HOMepa
MEpBOTO CEYEHMs JAeTalu (I OTBOAOB, MEPEX0J0B, KOMIIEHCATOPOB), HOMEpa
ydacTKa ¥ HoMepa ceueHHs (CThIK U CBAPHOM IIIOB).

HasBanue (aiina, chopMHpOBaHHOE TaKUM 0O0pa30M, MO3BOJSECT COXPAHHUTH
cootBercTBUEe Mexay (aimamu ACTPA-HOBA w daitnamu ACTPA-CTA/[HO. Tlpu
JKEJaHUH MOXKHO U3MECHUTDH Ha3BaHUE.

Puc. 36 Coxpanenue npoexma ACTPA-CTA/IHO

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
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+ CKpbITb Nanku Otmena
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Kpatkoe onucanue ceanca pa6otsr ¢ [IK ACTPA-CTAANO

Ilocne wnawxarus xHonku Coxpanums aBToMathuecku 3amycturcs IIK
ACTPA-CTAJIUO c BoibparusM smementom (Puc. 37).

Puc. 37 [IK ACTPA-CTA/THO c snemenmom mpyoonpogoda, noayuennvim uz ACTPA-
HOBA

T8I
el

DS H|b®
ectcad|a
CIK3

A

[ACTPA-CTAIMO (201405)

ests Rl

8. IIposemute pacuer B ACTPA-CTAJMO. B pexume moctmporieccopa
NpOAHAIM3UPYHTE U BBHIOGPUTE HEOOXOMUMBIC pPE3yJbTaThl B TaOJUYHBIX U
rpadudeckux BUIax Uit (POPMUPOBAHUS OTYETHBIX MaTEPHAJIOB.

Nmnoptr nanueix u3 ACTPA-HOBA u resepanusi KOHEYHORJIEMEHTHBIX

MoJIeneil netaneil Ha puMepax KOHUYECKOro Mepexo/ia U ITAMIIOBAHHOTO TPOHHUKA
(Puc. 38 u Puc. 39).
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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

Puc. 38 ACTPA-CTAIHO. HUmnopm dannvix us ACTPA-HOBA u cenepayus
KOHeuHO31eMeHmHbIX MoOeell Oemalell (Ha npumepe KOHU4ecKo2o 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)

BUGpaLMONHEA MROUHOC T (BUEP)
AHHEMHHECKHE BO3ASACTENA (AVH)

Patuet TpofiHHKos
Pacuet oTB0A08
Pacuer konmencaTopos

mmmn | =]

Pacier coapht: Weos
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[ w11 3 x|
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Kpatkoe onucanue ceanca pa6otsr ¢ [IK ACTPA-CTAANO

Puc. 39 ACTPA-CTAHAHUO. HUmnopm oarnnsix uz ACTPA-HOBA u eenepayus
KOHeuHOod1eMeHmHbIX Mooenel demalell (Ha npumepe Wmamno8aHHo20 mpouHuKa)

CTATHMIECKaR W UMKTMHECkaA MPoUKOCTS (CTALL)
COfiCTREHHLIE HACTOTL! 1 (OpH KOnEGaHA (DOPM)
Ceiicrieckie BozAeACTEMA (CEFCH)
BUGPaUNOHHAR MPO-HOCTE (BUEP)
Apaneckne eo3AeiCTERA (AUH)

PaCueT TRORHKDE:
Pacuet oTeon0s
PaCueT Kannencaropos

FacueT nepexoace
PACUeT CEapHer: LEOE

M1 B X

1 mafin Pacder PesyaeTaTel BHAa Okmo P
REIEETEIE
[ezxaai@iz smmjun
H]

ME®

Tapame1psi K3-moe 1K Tpofinnka

Teamerpus Tpoiisia | Ceria | Pacuer |

- MarueTpans
HapwkHbIA AvameTn

TonuHa cremeu

wiep

HapukHoi AvaeTD

EE]
Tonuura cremy [22.8
Uron orkaorera

o ropran |0

Marepran

i

|Wrarnosarmei ¢ o roposron v

[ Tops

1

Paguyc |40 v

Bucora 100 i

<
H
=

e Crpacka
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Mocksa, 2023

Menro daiin

HoEkH kel
OTEPRITE. . . Ckrl4+0
COxpaHHTE ZErl 45
COXpaHMTE Kak, ..

Y¥CTAHOEEH, .\

Medatk... Zkrl+P

MpeAEapMTENEHEIR NpOCMOTR
HacTpoFka mpHHTERA. .

1 TRM_&3.ask
ZELE_6_79.ast
I TRM_1,ask

4 TROMHKE, sk

Berxoa
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Mento daiin

HosBbIit
Cosznanne HOBOrO poekta ACTPA-CTAANO
OTKpBITH

Otkpeitre cymectByromero mpoekta ACTPA-CTA/IUO

OTKpbITVie daina [ 2] x] I

Manka: ID Sveta ﬂ & £ Ev

CHELP_ASTRA-STADYO
. Redl a st

M3 chavina: IReducer1 8_138.ast
Tun carnoe: ]ﬂpoem ACTPA-CTAOMO (*.ast) L] OTMeHa l

Z

CoxpaHuTh

Coxpanenue aktuBHoro npoekra ACTPA-CTAJUO

CoxpaHuTB KaK

COXpaHI/ITI) 1 OTKPBITH MPOCKT 11O HOBBIM UMCHEM
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Wma charina: lReducen 8_138.ast
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Mento daiin

YcraHoBKH,;

10T ITYHKT B MCHIO @Daiiz BEI3BIBAECT CJ'ICZ[yIOHII/Iﬁ Juajior

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 Moxkere

Mockga, 2023

W3menuts 1Bera ¢oHa no Bamemy Bkycy. Ilo >kemaHuio MOXHO
UCIIOJIb30BaTh TPAJUEHTHYIO 3alIUBKY (oHa (MIaBHOE W3MEHEHHE IIBETa OT
IBera BHM3Y Tpaduueckoro okHa 10 LBeTa BBEpXY).
HacTtpouts 1Bera At BU3yalnM3alUd HCXOJHONW MOJIENM U PpE3yJbTaTOB
pacuera (epeMeIeHuit) B OCTIPOLECCOpE;
HacTtpouts enuHuibsl HM3MepeHus JUIs 3aJaHUs HCXOAHBIX JaHHBIX H
0TOOpaKEHUS PE3yAbTATOB NIPU UX BU3yaJIU3alluy U B OTUETE;

BrIOpath om0 aBTOMaTHYECKOT0 COXPaHEHHs TIepe pacyéToM;

VYxkazaTb KOIHYECTBO KagpoB oT 2 1o 10 mpu aHMManuy COOCTBEHHBIX (OpM
konebanuil. Yem Oonblie KaapoB, TeM AaHUMAlMs BBIIOJHAETCS Oolee
IUIaBHO, OJJHAKO B 9TOM CIIy4ae BO3pacTaeT BpeMsl HOJrOTOBKY aHUMALUH.
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Oume  WpnoTe |
WpmrdyT ANs HYMepawn y3noe
Courier New

WpmrcpT ANA HyMepaLuy SNeMeEHTOB

Courier New

WpwchT ONs HAAMKCER WM NEreHk5!

Courier New

CK | CtMeHa | [FpHEEHHTE Cnpaeka

3/1eCh MOKHO BBIOHpATh HIPUQTHI:
o [pudt s HymMepayun y3JoB;
e [llpudt ns Hymepauuu 3JeMEHTOB;
e mpudT I HAAKHCEH U JIeTeHAbI;

JUist  BbiOOpa mipudra HaKMHTE KHONKY copaBa. Ilpu 3TOM TMOSBHTCS
craggaptHeli quanor Windows st Beibopa mpudra.
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Mento daiin

Ileuarn

Ileuatp COAEPKUMOTO aKTUBHOTO OKHa

B revars [2]x]
OBwue I
- BriBepute npuHTEp
X o 3 \ 3 :l
= (=] =
YcTaHoBKa hp LaserJet Kyocera SHARP
npyHTEpa 1300 PCL 6... FS-1030DKX AR-5316 ...
E
CoctosHue:  [oToB [~ Meuate & pavin Hacrpoiika
PaamMeweHue: m
i [Err
NuanazoH cTpaHuL
¢ Bce Hueno Konui: 1 3:
) BEREREHNE © Terylidie CTEaHUUY ;
(" CTpaHuus: 1-65535 32
BBeauTe HOMEP CTREHMUE MW AMaNasoH
cTpaHuu. Mpumep: 5-12

IIpenBapurebHbIiA NIPOCMOTP

HpeZ[BapI/ITeJ'ILHHﬁ MIPOCMOTP aKTHUBHOT'O OKHA HA 3KPAHC MEPE NI€HAThIO

Bb160p 1 HacTpolika NpUHTepa

~MpuHTep
Vimsi: HP Color LaserJet 2600n CeoicTea...
CocToaHue: Fotoe
Tun: HP Color LaserJet 2600n
Mecto: IP_192.168.1.253
KoMmeHTapuit:
-Bymara -OpueHTauus
Pasmep: IA4 L] @ KrpkHas
Monaua: IABm Lj ( AneBoMHas
Certb... OK | OtMeHa

Brixoa — BbIXoJ U3 IporpaMMsbl

Mockga, 2023

Broixon
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Mesnro Pacuér

Memnro 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 menio Pacuem ocymiecTBisiercs: BbIOOp Thmna snemenrta (Puc. 41), Bunma
pemaemoii 3amauun (Puc. 42), a Takke HacTpoiika mapameTpoB pacuétHoit KD-monemu
JJIeMeHTa

Puc. 41 Tunwvt snemenmos

TPoAHK,
OTEOA
KoMneHcaTop
Mepexon

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

Puc. 42 Buo 3aoauu

* 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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Mento Pacuer

IMapamerpsl Moaean (pacyér) TPoitHMKA

B cnydae Beibopa myHkTa Ilapamempwsi mooeiu mpounuka TIPH HaKATHA
kxaonkH OK mpomcxoauT aBToMaTHdecKasi TeHepalus pacieTHONH MOJIENIN TPOMHUKA, B
ciyqae BbIOOpa HMyHKTa Pacuem mpounuka ROTOIHATEIBHO K 3TOMY IIPOHUCXOIMT
3aIyCK pacuera CreHEpUpPOBaHHON PACYETHON MOJEIH.

Huanor Ilapamempor modenu mpounuka / Pacuem mpouinuka COCTOWUT W3
Tpex 3aknanok (Puc. 43, Puc. 52, Puc. 54).

3akaaaka Ooume

3aKJ'IaI[Ka 061,141/{@ COACPIKUT MOJIA AJI BBOAA I'COMCTPUYCCKUX NApaMETpPOB,
CBOICTB MaTepuaIoB, NapaMeTpOB KOHBEKIHUA U T. .

Puc. 43 3axnaoka O0mue dannbix pacyémuoil Mooenu mpouHUuKd

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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B 3aBucuMocTH OT BBIOPAaHHOTO BHIA TPOWHWKA, HANUYHSA /OTCYTCTBHUS
CBapHBIX IIBOB, TNIAKUPYIOIIETO CJIOS M T.IL., T WM WHBIC ITyHKTHI HE BUIHBI WM HE

AKTHUBHBI.

Tabnmma 2 [TapameTpsl TeOMETpUIECKOI MOIEH TPOHHUKA

Buo mpoitnuka

JocTynHsl cienyromuye BUabl TPOHHUKOB!

—  CsapHoii

—  CsapHoii ¢ ykpenasaroueli HAK1AOKOU

—  LImamnosannulii ¢ mAHYmMOoul 20PLoOUHOU
—  Ceepaenvlii

Ilonnas mooenn

Hem//[a — ucrionb30BaHKe MMOJHON MOAETH

Mamepuan macucmpanu

Mamepuan wmyyepa

Mamepuan naxknaoxu

Mamepuan naakupyrwuie2o cnos

Mamepuan ceapHvix ui606

Mamepuan mpoitnuka

Jlnist Bcex MaTepuasioB, UCIIOJIb3YEMBIX B MOJIEIH,

3aJ1al0TC:

—  Lsem (0151 omobpadicenust moodenu)

—  Mooynw ynpyeocmu FOnea

- Kosgguyuenm Ilyaccona

—  Koagguyuenm nunetinoco memnepamypHozo
pacuupenus

—  Ilnomnocme

- Kosgguyuenm mennionpogoornocmu

—  Mooenv mamepuana (nunetinas, oununelnoe
U30mMponHoe ynpouHenue, MyIbmuiuHelinoe
usomponuoe ynpounenue)

—  [lpeden mexyuecmu

—  Taneenyuanvhviii MOOYIb YNPY2OCMU

—  Muaepamma deghopmuposarus

T'eomempun mazucmpanu

—  Hapyorcuwiti ouamemp

—  Tonwyurna cmenxu

—  [Mmuna (ecru 3aoan 0, mo onpedersemcs
aA8MoOMamuyecKi,)

T'eomempusn wmyyepa

—  Hapyorcuwiti ouamemp

—  Tonwyurna cmenxu

—  Jnuna (ecnu 3aoan 0, mo onpedensemcs
asmomamuyecku)

—  Ilponywennvui wmyyep (Hem//a)

—  Jlnuna nponywennoti uacmu

TI'eomempus naxnaoxku

—  Hlupuna
—  Tomyuna
—  Yeon ¢ghacku (0na ceapnozo wea)

T'eomempusa 2opnosunsi

- Paouyc
—  Bwicoma

46
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Mento Pacuer

IInakupyrowuii cnhoii

Hem//[a — Hanm4une TIaKupyoLero ciaos
- Tomwyuna na mazucmpanu
—  Tomwyuna na wmyyepe

Csapnoie uignl

Hem/ﬂa Hanmune cBapHbixX mBoB ([73]-[76])
Hlupuna  enympenneco  KOpHA — wéd
(napamemp h na Puc. 44)

—  Hlupuna napysrcnoz2o kopus wea (napamemp
e na Puc. 44)

—  Buicoma HapyicHo2o KopHs wea (napamemp
g na Puc. 44)

3aoaua mennonpogooHocmu

Hem//la — mnpenBapuTelbHOE pEIICHHUE 3allaud
TEIJIONPOBOJHOCTH

Paznocmv memnepamyp mexicoy

Ecnu 3amaya TermmompoBOTHOCTH HE PEIaeTes,

pabouum u X0100HbIM | 337a€TCS PA3HOCTH TEMIIEPaATyp,

cocmoanuem

Temnepamypa na enwympenneii | llpy  pemieHMM  3aJaddl  TEIUIONPOBOAHOCTH

noeepxnocmu 3amaéTcs  TemImeparypa  Ha  BHYTpPEHHEH
MOBEPXHOCTH

Iapamempor Koneexyuu Ilpm pemeHnn 3a7adud  TEIUIONPOBOIHOCTH

JIOTIOTHUTENBHO 331aI0TCA:
- Koagduyuenm xoneexyuu na mazucmpanu
—  Temnepamypa cpedvl 6 mazucmpanu

- Koagduyuenm xoneexyuu na wmyyepe

—  Temnepamypa cpedvl 6 wmyyepe

Puc. 44 [lapamempwvi 0151 MOOEIUPOBAHUSL CEAPHO2O COCOUHEHUS

B ClIydyac HCIOJIb30BaHUS

Henonnoii modenu, pacyETHBIM (QparMeHT

TPOWHHUKA IpeicTaBisieT cOo00H ero uerBepTh. PacuérHas Mozenb aBTOMAaTHUECKH
CTPOUTCSl C WCIIOJb30BAaHHEM CBOWCTB IUKIMYECKOH CHMMETPHHM M AHTUCHMMETPHU
JaBJICHUS p W 8 TPyNIl 3HAYMMBIX CaMOYpPaBHOBEUIEHHBIX TOPLEBHIX Harpys3ok
OTHOCHUTEJIBHO JIBYX IUIOCKOCTEH reomerpudeckoit cummerpud X=0 u Z=0 (Puc. 45).

B osTroM cinygae BO3MOXEH pAac4€T TONBKO [-00pas3sHBIX paanualbHBIX
OPTOTOHAJIBHBIX TPONHUKOBBIX COSIUHEHUM.

Mockga, 2023
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Tabnmma 3 ['pynmsl HArpy30K TPOHHUKA

Cummerpust/
Ha3Banue Harpy3ku
AHTHCHUMMETpHUS
JlaBiieHue C-C
Temmneparypa C-C
OceBple CHIIBI TI0 TOPILy MITyIlepa C-C
OceBBble CHIIBI 110 TOPITy MarucTpaitu C-C
W3rubaromuii MOMEHT B MarnCTPaJIH B IFIOCKOCTH TPOWHHKA C-C
Wzrubaromuii MOMEHT B IITyLEPE B INTIOCKOCTH TPOWMHUKA C-A
MOMEHT B IITYIepe U3 IIIOCKOCTH TPOHHHKA A-C
W3rubaromuyii MOMEHT B MaruCTpalii U3 IJIOCKOCTH TPOWHHKA A-C
KpyTsmuit MOMEHT B IITyLEpe A-A
KpyTsmuit MOMEHT B MarucTpaiu A-A

Puc. 45 Pacuémuwiii hpaecmenm mpoiiHuka u pacnoodcenue oceti

X
Zi

B ciydae wucnonb3oBaHUS HOAHOW MoOOenu  Pacu€THBIA  pparmMeHT
npeAcTaBiIsieT coOoi  1enblii TpodHMK. PacuérHas Monenb CTpPOHWTCS 110

“KOHCONIFHOW” cxemMe C Yy4€ToM JaBlIeHHA p ©W & Tpymm

3HAYHUMBIX

CaMOypaBHOBEIICHHBIX TOPIIEBBIX HArpy30K. 7 IMONHOW MOJIENH 3TOM Cllydae
BO3MOXCEH pacy€T paJuallbHbIX KOCBIX TPOMHMKOBBIX coenuHeHuil. Ilose Veon
OMKIOHeHUs: om HopMmanu B I eomempuu wimyyepa CTAHOBUTCS AKTUBHBIM.
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Mento Pacuer

Marepuan (TpoilHMKa, MarucTpajiM, IITYIEpPa, HAKJIAJKH, CBapHBIX
IBOB)

st mpocMOTpa U pelaKTUPOBAHUS XapaKTEePHCTHK MaTepHana (MariucTpaiH,
IITYyLepa, HAKIAIKH, CBapHBIX ILIBOB, IUIAKUPYIOIIETO CJIOS) HPEJHA3HAYCHO II0JIE
Mamepuan.

Ilocme nBo¥HOTO HaXkKaTWsi Ha 3HAUYeK ‘‘+” psIIOM C TOJEM HYKHOTO
MaTtepuaa pacKpBIBalOTCS XapaKTepHCTHKN MaTtepuaios (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 (I)I/ISI/IKO'MGXEIHI/I‘IGCKI/IX CBOICTB Marcpuajla TakKXE MOXHO
HAaCTPOUTH LBCT MaTcpuaia st 0TO6pa)KeHI/II/I B PICXO,Z[HOﬁ MOACIIN.

Puc. 47 ons 0na 6600a 0CHOBHBIX 2e0MEMPUUECKUX XAPAKMEPUCMUK 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 Jlononnumenvrvie napamempsi 015 3a0ayu Menionpo8oOHOCU

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 Jlononnumenvhvie napamempol 0151 MPOUHUKA C HAKAAOKOU

MeoMeTpWa HaKAanKu

kpkHz. 40
TonwWHa 7
dron gackM 45

iyl
iy
rpan

Puc. 50 Jlonoanumenvrsie napamempsi 015 mMpouHUKA ¢ mAHYMou 20paA08UHON

MeoMeTpUs ropaoBUHB
FPaauyc 20
BricoTa 100

MM
MM

Puc. 51 JlonornumenvHule napamempul 01 C8ePIEHO20 MPOUHUKA C HEKONbYEBOU

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

[y}
ulg}
ulg}
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3akaagka Cerka

Puc. 52 3axnaoka Cemxa

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 COAEPXWT TIONSL Ul BBOJA JaHHBIX, BIIMSIONMX Ha
(hopMHpOBaHUE CETKH.

Ecmu B mone Iapamempet no ymonuanuto BpiOpaHo “na”, TO mapameTpsl s
(hopMHpOBaHUS CETKH BBHIOMpPAIOTCS aBTOMAaTHYeCKH. JlJsi M3MEHEHUs IapamMeTpoB
renepaiuu K9-cetku cnenyer B nosne Ilapamempot no ymonuanuro BEIOPaTh «HETY,
IIOCJIE 3TOTO CTAHOBSTCS AaKTUBHBIMHU ciiepyromiue nois Koagduyuenm ceyujenus,
Konuuecmeo KO Ha uemeepmu wmyyepa, Konuuecmeo KO na eopnosune,

Koagpguyuenm npu navanonom wace.
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Kosgpgpuyuenm ceywenusi — BemeCTBEHHOE 4YHCIO Ooibiiee 1, ciemyer
YBEJINYUTh JaHHBIH KO3(GUIMEHT Ui OOJbIIed CKOPOCTH CTYIICHUS JIMHUI CEeTKH
BOJIM3U 30HBI COWICHEHHS IITYLIepa U MarkuCTPaH.

Koasgpdpuyuenm npu mauanvnom wace — BEMIECTBEHHOE YHCIO, OOJbIIee
HyJIS, PEryJIHpyeT pa3Mep HayaJlbHOTO Inara BOJHM3M 30HBI COWICHEHHUS IUTyLeEpa H
MarucTpand (B IONSAX OT (Rh)¥3). Tlo ymomganuio paBeH (.2, peKOMEHAyeMBIit
nuanason sHagenuii (0,1 — 0,2).

B03MO0XHO IPUMEHEHUE IBYX MUN0E KOHEUHBIX I/1IEMEHINO0E
—  KpHBOJIMHEHHbIe oOosoyeynsle KD cymepnapameTpryeckoro cemeiictsa

(CIIKD)
— KpHUBOJIMHEHHble TpexMmepHble (o0bemHble) KD m3omapamerpuueckoro
cemetictra (MITKD)

B cmyuae mpumenenus obGomoueunsrx CIIKD mns cBapHBIX TpOHHHKOB
BO3MOXKHO Pa3IMYHOE MOJICTUPOBAHUE 30HBI MEPECCUCHUS] MAruCTpald W IITynepa
(Puc. 53)

Puc. 53 Bapuanmul nepeceuenus mazucmpanu u wimyyepa oisi 000104ednblx Mooenei
CBAPHBIX MPOUHUKO8

Ecnmu  mocraButh  (uakoKk HampoTuB [lepeceuenue no  cepeOunHou
nogepxnocmu, TO OyJeT WCIOJb30BAaThCS BapHAHT IEPECEUYCHUs IO CepeIUHHON
nmoeepxHoctu (Puc. 53, a), mHaue ucmonkdyercs “TOYHOE” MOJICIUPOBAHHE 30HBI
nepecedenus (Puc. 53, 0).

B cnydae npumenenust tpexmepneix MIIKD cnenyer ykasaTe xoauuecmeo
cloes no moaujuHe B MaruCTPAIN U HAKJIAJKE.
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Ilepenymepayua Kamxunna-Makku — 1iociie reHepaluu pacuéTHOW MOJeNn
ucronb3yercs obpatHeiid anroput™ Katxmimma-Makku UII ONTHMHA3AINE HyMEpanu
C IehI0 YMEHBIICHHUS IMPHUHEI JICHTHI MAaTPHUIIBI )KECTKOCTH. JlaHHON OTIIHe ciexyeT
MIOJI30BATRCS, €CNIM TPH pacuére OyIeT MCIONB30BaH NMPSMON NPO(UIBHBIA METOx
taxropmanuu (CTAANO).

Kecmkue Kpaegvle ycnosus — TOPUBI MAarucTpald ¥ IITyIepa Kak OBl
3aKPBITHl «KPBIIIKAMM KOHEYHBIX 3JEMEHTOB: MaTepHasl BOIM3H TOPIEB TPOHHHKA
JleflaeTcsl JKeCT4e, YeM MaTepuall OCTaJbHOro Kopmyca (MOAYIb YHPYrOCTH
YMHOXKaeTCsl Ha  3aJaBaeMoe  TMoJjib3oBaresnieM  3HaueHue  Koaghgpuyuenma
KoHmpacmuocmu).

Msazkue Kpaesvle ycnoeus — TOpubl CBOOOTHO NedopMHUPYIOTCS: MaTepHal
KOHCYHBIX 3JICMCHTOB BOJM3M TOPICB TPOMHMKA TaKOH Jke, KaK MaTephall BCEro
TPOWHUKA.

Jis cBapHOTO TpPOMHHKa C HAKJIAAKOH MPEIyCMOTPEHO ABE BO3MOXKHOCTHU
pabOoTHI HAKJIAIKU:

— coemecmnaa paboma  HAKNAOKU ~ MaAzucmpanu — —  TIEPEMEIICHUS
KOHTaKTHPYIOIIAX Y3JIOB HIDKHEH MOBEPXHOCTH HAKJIAOKd W HAPYKHOH
MTOBEPXHOCTH MAaruCTPaIH COBHANAIOT (KECTKas CBSA3b 110 BCEH MOBEPXHOCTH
KOHTaKTa)

—  aJbTepHATUBA — HCECIMKO C6A3AHbI MOJIbKO Y371l N0 KPOMKE HAKNAOKU.

B cnydae BBoga HeBepHBIX (HEpeaJbHbIX) XapaKTEPUCTHK TPOWHUKA
BBIJIAETCS COOTBETCTBYIOIIEE MIPEAYTPEKACHHE.
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3aknaaka Pacuer

Puc. 54 3axnaoxa 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 |

— Hpamou (CTAJHO) — npoduneHbii Meron dakropuzanuu. He
TpeboBaTesIeH 10 ONEpaTHBHOW MaMsTH (WCIIONb3yeTcs AMCKOBBIH (aiin),
HEJIOCTaTKOM  SIBJIIETCSl ~ OTHOCHTEJIFHO — Oonbmioe  Bpemst  cuéra.
Pexomentyercs Ut TOHKO- M CPETHECTEHHBIX 000I0UEUHBIX MOJEIEH.

—  IIpamoii (MUMPS) — sddexTrBHbI MHOrOQPOHTANBHBII NPSAMOI peraresnb
CJIAY (MUIltifrontal Massively Parallel sparse direct Solver). TpeGosarenen
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M0 ONEpaTHBHOW MaMsTH, HO BpeMsl CuéTa 3HAYMTEIbHO COKpAIlaeTcs I0
CPaBHEHUIO C MPSAMBIM IPOQHIEHBIM METOIOM (haKTOpH3aIHy.

— Ilpamou (PARDISO) — pexomenayemblii mpsiMoii pemratens CIIAY
(Parallel Direct Solver) u3z outamorexu Intel Math Kernel Library (Intel
MKL). TpeGoBareneH 1O ONEpPaTHMBHON TMaMsITH, HO Bpems c4éra
3HAYUTEIHHO COKPAIIAETCS 110 CPABHEHUIO C IPSIMBIM NMPOQMIBHBEIM METOIOM
(axkropuzanmu. JlaHHBIA TIPSIMOM METOM, pa3pabOTaHHBIA CIEIHATIBHO IS
apxutekTypsl SMP (Symmetric multiprocessing), Mo>KHO 0XapakTepHU30BarTh,
KaK HCKIIIOYUTENIbHO 3¢ ¢eKkTuBHbIH. K CyIIecTBeHHBIM JOCTOMHCTBOM
MeToJa  CJIeyeT  OTHECTH  BBICOKYI0  IPOU3BOJIUTENBHOCTH |
MacuITabupyeMoCTb.

- Memoo conpaxcénHpix zpaduenmog — umepayuoHHbslii METO U3 U3BECTHOIO
oTKpbITOro Matemaruieckoro nakera PETSc (Portable Extensible Toolkit for
Scientific Computation — paspaborka Argonne National Laboratory/MCS
division, CIIIA).

JJ1 NTepainOHHOTO METOIa OCTYITHBI CIIEAYIOMIKE Tpea00yCcIaBbIBATEIN:

— TlocnenoBarenpHast BepxHss peiakcamus (peKOMEHIyeTcs ISl OOBEMHBIX
moaeneit ¢ UTIKD)

— Henonnas ¢akropuszanus XOJEIKOro (PEKOMEHIYETCS Uil 00O0JIOUCUHBIX
mozaeneii ¢ CITKD)

3amaroTes TaKKe mapaMeTphl BBIXOIa W3 UTEPAIIMOHHOTO MpoIiecca:
— OrHocHTeabHAA TOYHOCTD

— IlpenenvHoe ymucio UTEpaLMil

Mocne wnaxarus OK 3agaya 3amyckaercs Ha C4YeT, XOJA KOTOPOrO
otobpaxkaercst Ha 3kpane (Puc. 55)
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Puc. 55 IIpomoxon xooa pacyema

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

IMocne Haxatust Ha KHONKY OTMeEHa mpollecc pacyéra MpeKpaaercs: Koraa
nporpamMma J0MAET 0 OuYepefHOW KOHTPOJBHOW TOYKH BBIBOJ OUYEPEAHOTO
coobrieHus Ha 9kpaH). [Ipu 3ToM mporpamma 3aBepiiiaetT paboTy KOPpEeKTHO, paboure
¢aiispl ynanstorcst u3 pabodeid aupektopuu. [y SKCTPEHHOTO 3aBeplieH s mpolecca
pacuyéra HY)KHO Ha)XKaTh Ha KPECTHK B HPABOM BepxXxHeM yrity okHa Xod pacuéma.
IMocne moareepskaenus (Puc. 56), mporecc pacuéra OyaeT mpepBaH, IPU STOM BCE
BpeMeHHbIe paboune Qaiiibl COXpaHsITCS.

Puc. 56 Dxcmpennoe npepvisanue xooa pacuéma

B Y8uTb npouecc pacuéTa?

KD-mozmenn oOpToroHanbHBIX paadaibHBIX TPOMHUKOB. a) CBapHOW C
3a4MIIEHHBIM IIBOM; O) CBapHOM C HAaKIaJKOW; B) IITAMIIOBAHHBIN C TAHYTOH
TOPJIOBMHON M JIepOpMHUpPOBaHHOE (a) U HaNpspKEHHOE (0) COCTOSHUS NMPH 3aJaHHBIX
COYETAaHHSAX HATPY30K, pacueTHas TPyIMa HAMpsDKeHHH (B, otam 3, rpymma (Ogr)k)
TpoiiHKuKoBoOro coeaunenus (Puc. 57, Puc. 58).
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i ¢ mAHYmot

Puc. 57 K3-mo0enu opmoeonanvhbix paouaibHbiX mpouHUKOS.a) C6APHOLL ¢

3AUUUEHHBIM WBOM, 6) CBAPHOIUL ¢ HAKIAOKOU, 8) WMAMNOBAHHYL

copiiosurou

Tpexmepnas modens

Obonoueunas mooeiv
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Puc. 58 Jlepopmuposannoe (a) u nanpsoicennoe (6) cocmosinust npu 3a0aHHBIX
COUemaHusxX Hazpy30K, PacYemnas epynna Hanpsicenui (8, sman 3, epynna (caF)K)
MPOUHUKOBO20 COCOUHEHUSL

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
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Pacder TpoiiHUKa ¢ y4éTOM IUIacCTHYECKUX AedopmManuii

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

Tun 3neMeHTa »
Bua 3agaqm »

B ciydae Beibopa myHKTa Pacuém mpotiHuxa ¢ yYyémom niacmudeckux
degopmayuii TOCIIe 3aJaHUM BCEX HEOOXOAWMBIX IIAPAMETPOB B MPOHCXOIHT
aBTOMATHYECKas TEHEepalMs paldOHAIbHOM pacdeTHOH MOAEIH  MpPOUuHuKa
BBIOpDAaHHOI'O THIIA M MOCJIEAYIOUMHA pacuéT Ha BHYTPEHHE JaBJCHUE C Y4ETOM
IUIaCTUUECKUX aedopmanuii.

s pacuéra ¢ yu€ToM IIaCTHYCCKUX AedopMaIifii TOCTYIHBI CICAYIOIINE
MOJIETIM MaTepHuaa:

e  OWIMHEHHOE U30TPOITHOE YIIPOYHEHUE

®  MYJBTHJIMHEHHOE H30TPOITHOE YIPOIHEHHE

[pu BEIOOpE OMITMHEHHOTO M30TPOTIHOTO YIIPOYHEHUS MaTepHrana B okue Ilapamvempol
Modenb mpotnuka HeoOXOAUMO OTONHHUTENLHO 3a1aTh CIEAYIOIHe ITapaMeTphI
marepuaios (Puc. 59)

e  MpeieN TEKYIecTH

®  TaHTEHIMAIBHBIN MOIYIb YIPYTOCTH

Puc. 59 IMapamempor mamepuana s GUIUHENHO20 UZ0MPONHO20 YAPOUHEHUS

= 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

[ myneTHIMHEHHOTO M3oTponHoro ynpouneHus (Puc. 60) HeoOxoxumo 1o
TOYKAaM 3a/laTh MCTHHHYIO JHarpamMmy JeGopMHpOBaHHs G — € B OKHe Juacpamma
oegpopmupoeanus (Puc. 61).
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Puc. 60 ITapamempor mamepuana 015 MyTbMUTUHENHO20 U3OMPONHO20 YAPOUHEHUS

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 Juaepamma oegpopmuposarus

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 oosad 452
|6 00994 |47E2

7 01334 4849

Mpadguk |
ovana_|

OKHO COJIEPKUT TaOIUILY CO CIAEAYIONIUMHE MapamMeTpaMu:
e No— HOMEp TOYKH;
o  Eps - 3nauenne nedopmarmii;
e Sig — 3HaueHUE HATIPSHKEHH;

Jo6aBUTh W YIaNUTh TOYKM MOXHO C IIOMOLIBIO KHONOK + M —,
PAacIIOI0KEHHBIX B IPABOM YacTH OKHA JJuaspamma oepopmuposanus. MecTo BCTaBKH
HOBOM TOYKM YKa3bIBaeTCsi MyTEM IEPECTAaHOBKU B HYXKHOE MECTO Kypcopa B BHUJE
TPEYroJbHUKA C JIEBOTO Kpasi TaOIHIIBl OKHA JJuaspamma deghopmuposanust.

Kuonka M3 ¢paiina mo3BONIIET BBECTH aUarpaMMmy nAeGOPMHPOBAHUS U3
TekcToBoro ¢aitna. [Ipu momou kHOMKHM B ¢hatin MOXHO COXPAaHUTH JHATPAMMY
Je(OPMHUPOBAHUS B TEKCTOBOM (aiiie.

TexcToBBIA (a1 COOEpKHUT IBE KOJOHKH 4ucen. UYucia B CTPOKE MOTYT
paszensaTbes mpodenamu, 1Moo Tadyssunei.
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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 ¢ HyneBoit nedopmanueli He 3anaércs. [lepBasi Touka AMArpammbl
JODKHa OBITH 3a/laHa  TakuM oO0pa3oM 4YTOOBl OTHOIICHHWE HANpsDKeHUH K
JnedopmanmsaM 3aaHHBIX B 3TOHM TOYKe OBLIIM paBHBI MOJYINIO YIPYIOCTH MaTepHala.
Hanpspkenne B mepBoOi TOUKe AHArpaMMbl TOJDKHO OBITH PABHOO HpeEseNy TEKy4ecTH
MaTrepuaa.

Knormka / pagux no3soiser otoopa3uth rpaduk BBEAEHHOW TrarpaMMBl (CM.
Puc. 62). JIns npexirodeHUs B TAOMMYHBINA peXXUM CIIEAYyeT HaXKaTh KHOMIKY Tabnuya.

Puc. 62 Oxno Quacpamma oegpopmuposanus (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 |

Ecmu nipu pacuére mocturHyTa nedopMaiys MpeBhIIaoNas MaKCUMAITBHYIO
nedopManuio B guUarpaMme, TO  HCMOJNB3YeTCs  3HA4eHHWE  HampsDKEHUS,
COOTBETCTBYIOIIIEE MOCIEAHEH TOUKE THarpaMMBbI
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B03MOKHO 3ajaHKe ABYX BHIOB HATPY30K
e  JlaBnenue (Puc. 63)
e TIpousBonbHas Harpyska (Puc. 64)

B cnywae wucnonp3oBaHUS TPOU3BOJBHOM HAarpy3kd BO3MOXKEH Y4YET
MIOTIePEYHBIX CHIL. J[)1s 3TOTO B IyHKTE Yuém nonepeynwvix cun Hamo BeIOpats /Ja.

Puc. 63 Obwue napamempor mpoiiHuka 015 pacuéma ¢ y4émom niacmuyeckux
deghopmayuii (Oasnenue)

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 napamempor mpoiinuka 0 pacuéma ¢ y4émom nAACmuyecKux
depopmayuil (NpoussoIvbHaAsL HaAcPY3Ka)

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

[lpn 3amaHMM TPOM3BOJIBHOW HArpy3KH BO3MOXHO KakK HCIIOJIb30BAaHHE
Harpy3ku, umnoptupoBanHoii u3 ACTPA-HOBA (Puc. 65)., tak u e€ 3amanue
Bpy4Hyto (Puc. 66).
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Puc. 65 JJuanoe ons 3adanus npoussonvnoi nazpysku (nazpysxa 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 Juanoz ons 3a0anus npousgonbHol Hacpy3Ku (Hazpy3Ka 3a0aémcs 8pyYHyI0)

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

OTMeHE
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Jlnst pacuéra TpoMHMKA ¢ YIETOM IUIACTHYECKUX AedopMaliii HeoOXO0aUMO
3aaTh caenyromnme mapamerpsl (Tabmumna 4) B 3aknanke Pacuém (Puc. 67)

Puc. 67 Hapamempor pacuéma mpotinuka ¢ yuémom niacmudeckux oegpopmayuii

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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Tab6smma 4 [TapameTpsl pacuéra ¢ yI€TOM IIaCTHUSCKHX Jedopmariuii

Meton

MomudunupoBanasiii  Meron Hsromona-
Pagcona v memoo Heromona-Pagcona

KonmuecTBo maros mo Harpyske

Komnuectso 11aros, Ha KOTOpO€E
pa3OuBaeTCs INIACTUYECKAst YACTh HATPY3KH

OTHOCUTEIbHAS TOYHOCTD 0
JOCTHIKCHUS PAaBHOBECHU A

OtHocUTeNnbHAasE TOYHOCTh ISl HEBSI3KH
Harpys3Kkd Ui T700aIbHOTO UTEPAMOHHOTO
npouecca Hsrotona-Padcona 10
JOCTHKEHHsT paBHOBecus. B cimywae, ecin
OTHOCUTENIbHAas HEBA3Ka 10  Harpyske
CTAaHOBHUTCA MEHbIE 3aJaHHOTO YHUCIA,
WUTEPaALOHHBIN

OTHOCHTEIbHAS TOYHOCTD JJIS
JIOKaJIbHOH npouenypsl HeroToHa

OTtHocHUTENbHAS TOYHOCTL IS JIOKAJIHHOM
npoueaypsl HploTOHa- penieHuss cucTeMbl
HEJIMHEMHBIX ypaBHEHUU B METO/e
paauasbHOro BO3BparTa

MakcumanabHOE KOJIHMYIECTBO I/ITepaHI/Iﬁ
A0 JOCTHIKCHUS pAaBHOBECUA

MakcumanabHOE KOJIHMYECTBO I/ITepaLlI/Iﬁ JUIA

ro0aNbHOTO  WTEPAMOHHOTO — TpoIiecca
Hserorona-Padcona o JOCTHIKEHHUS
paBHOBecus. B ciaydae  mpeBBImICHHA

KOJIMYECTBA WUTEpaIWid 3aJaHHOTO 3HAYCHUS
UTEPAIOHHBII MPOIlecC OCTAHABIMBACTCS C
IUArHOCTHYECKUM cooOmenneM ‘‘3amaHHast
TOYHOCTh HE JJOCTUTHYTA’

CornacoBaHHasi MaTpuIia

Hcnonp3oBaTh WM HET COTJIACOBAaHHYIO
ManI/IHy JJIA HOCTpOCHI/IH ManI/ILII)I
KacaTeIbHOU KECTKOCTH

Macmtab 151 Harpy3oK

MacruraOHblit K03 uIMeHT AJist Harpy30K

Merop pacuéra

Meton pemenus CJIAY. Pexomenayercs
npsamoii pemrarens PARDISO.

3anuce pe3yabTaToB

B03MOXHBI ClleAyIOIIye BapUaHTHI:

-3anuce NocaeIHero mara

-3anuce Ka)aoro mara

-3anuce kaxmoro N-ro mara (imar 3amucu
3a71aéTcs B 10JIe HIDKE)

BrIBOJT B TEKCTOBEIH (haiin

[lpuzHaku BbIBOZa B TEKCTOBBIA  (haiin
HCXOJHBIX JJAHHBIX U PE3yJIbTaTOB pacuéra
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Mento Pacuer

Pacuer TpoiiHuka ¢ yuéTtom aBToQpeTHpoOBaHus

B cinydae BbiOOpa mUyHKTa Aeémogpemuposanue TOCIE 3aJaHUsl BCEX
HEOOXOMMMBIX MapaMeTPOB MPOUCXOAUT aBTOMATHYECKasi TeHEpPAIis pallMOHAIbLHON
pacdeTHOM Mojenu mpotiHuka BBHIOPAaHHOTO THUMA W TIOCIEAYIOMHUN pacuéT Ha
BHYTPEHHE JIaBJICHUE C YIETOM YIPYTrOIIACTUYECKOTO MMOBECHUS MaTepraia.

B mento Pacuém HeoOXoauMo yka3aTh BUI 3amauu — Aemogpemuposanue
(Puc. 42)

B otkpeiBiieMcs okHe [lapamempul modenu mpouHuxa, Bkiaaka Obwue
BBIOpaTh MOJIENb MaTepHraia A WITylepa U MarucTpaiu B Modens 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 mapaMeTphl MaTEPUAIOB M pacuyéTa aHaJOTMYHO MapamMerpam st
Pacuéra TpoifHuKa ¢ y4€TOM maacTuIecKux fedhopManni

Kpome mnapamerpoB Marepmwania B OkHe [lapamempuvl molenu MpouHuKa
HE0OX0IUMO TakKe 3a7aTh JIaBJeHHE aBTOOPETHPOBAHMSI M pabodee aBIeHHE
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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

Pacuer Tpoiinnka (mpeneAbHas Harpy3Ka)

B ciydae BeIOOpa myHKTa Pacuém mpotinuka (npedenvhasn Hazpys3ka) TOCIe
3aJaHus BCEX HEOOXOIMMBIX IapaMeTPOB INPOUCXOAUT aBTOMATHUYECKas T'€HEpaIus
paIlMOHANFHON pacueTHON MOIENH mpoliHuKa BBHIOPAHHOTO THIIA M TOCIEIYFOIIHi
pacu€T  Ha  ONpENENICHUE  MpPENeNbHOIO  BHYTPEHHEro  JaBIEHUS M
YIPYTOIJIACTUYECKOTO IOBEAEHUS MaTepuaia.

B wmento Pacuém HeoOXomuMoO yKa3aTh BUA 3amauu — Onpedenenue
npedenvhoil nazpysku (Puc. 42)

3anaroTcsl mapaMeTpbl MaTepUaloB U pacdyéra aHAJOTHYHO MapaMmeTpaMm s
Pacuéra TpoiiHuMKa ¢ yu€TOM IIacTUUECKUX JiehopManuid, a TaKKe MaKCHMAIbHOEC
BHYTpPEHHee JaBlieHne (BMECTO pabouero AaBieHHs). 3anaércsi JOCTaTOYHO OOJIbIIOe
KOJIMYECTBO IIArOB IO HArpy3Ke Ui MOCTpoeHus TpadukoB (mopsaka 50 maros) (Puc.
67, Tabnuma 4)
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Mento Pacuer

IMapameTrpbl Moeau (pacyer) 0TBOAA

B cmyuyae Beibopa myHkTa [lapamempwvi moldeiu omeooa TPW HAKATHA
kHonku OK mpomcxomuT aBTOMaTHYecKas TEHEeparus pPaluOHAIBHOM pacdeTHON
MOJIEIIN OTBOJA — eHYmo2o W cekmopHozo. Ilpu BeIbOpe myHKTa Pacuem omeooa
MPOUCXOIUT 3aIycK CTaTHYECKOTO pacuera UL CreHEepHPOBAHHON
KOHEYHORJIEMEHTHOH MOJIEIH.

Puc. 68 O6bwue napamempor omsooa

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 |
3aKJ'Ia,HKI/I Cemka u Pacuem COACPIKUT  3a/laBacMbIC  I[MAPaAMCETPhI,

AHAJIOTUYHBIC pAaHCC OIMMCAHHBIM I TpOﬁHHKOB.
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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

Puc. 69 ITapamempor cemku Mooenu omeooa

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 Koneunoanemenmuas Mooeib 2Hymozo omeood

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

Puc. 71 Hanpsiscenno-oe@opmuposantuoe cocmosHue Hymozo omeood

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

Puc. 72 Koneunosnemenmnas Mooeib cCeKmopHo20 0meood

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

Mocksa, 2023
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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

Puc. 73 Hanpsoicenno-oegpopmuposantoe cocmosiHue CeKmopHo20 0meood

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

X0 @I 1 mE
0= 2 7
Bréubasermios Hanpawerue (Tpecka) SonB (BEDEHAA U HWKHAA nOBEpXHOCTY) Mo
Hazpyxauouue SguHUTHHE 3aHNODH
HzzuBamuui wowsrm Mz B naockocny omeoga (C—-C) 11905492
10940441

99753 .89

[ L —
90103.38

(a7 sy C Tey

T N3BHLIE HAMpAKEHHA 80452.87

~ 51 53 70802.36
61151 .84

(¢ Sake [Tpeckal " Sake [Musec]

5150133
4185082
3220030
2254979
12899.28

Cepenurian nosepriocTs
(-] sy Ty

[ naBHEIE HANPAKEHHA

51 ©e3
3248.77
£ Saxs (Tpecka) £ Sake [Musec)
(ol £
e 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 cnyuae BbiOOpa myHkta Ilapamempur K3-moldenu komnencamopa TIpH
Hakatun kHonmku OK mpoucxoauT aBTOMaTHYecKas TFe€Hepalus pacueTHOM MOJENn
JIMH30BOTO/CHIIB()OHHOTO  KOMIIEHCaTopa, B cllydae BbIOOpa ITyHKTa Pacuem
KOMneHcamopa  JONOJHUTEIBHO K  3TOMY IPOMCXOAMT  3alMyCcK  pacdera
CTeHEPUPOBAHHON PacueTHON MOJENIH.
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Mento Pacuer

Pacuyér oTBoaa ¢ yuérom minacrudeckux aegopmanuii

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

Tun 3neMeHTa »
Bua zagaqu »

B cmyuwae BeIOOpa myHKTAa Pacuém omeooa ¢ yuémom HAACMUYECKUX
Ooeghopmayuii Tocne BBOAA BCEX HEOOXOAMMBIX MapaMeTpOB  MPOHMCXOJUT
aBTOMAaTH4eCKas T'eHepalys palMOHAIbHON PacueTHOM MOJENU cHymo2o OTBOAA U
MOCIIEAYIOMUH pacuér ¢ y4éToM IacTHdeckux aedopmanuid. [Ipn 3TOM INOMKHEI
ObITh mOcTymHBI pesynsTarhl dTama 2 u3 ACTPA-HOBA. B ciyuae ux oTcyTcTBUA
TOSABIISIETCSI IPEAYTIPEXKICHHE.

asrasd x|

I, OTcyTcTBYIOT peaynsTaThl pacyéTa Ans paboyero CocToaHMs!

Jnst pacu€ra oTBOJA € y4ETOM IUIACTHYECKUX AedopMaluil JODKHA OBITh
BBIOpaHa Modenb Mamepuaia 0TBOJA U IUIAKUPYIOLIETO CIIOS IIPU €ro HaJIW4us.

B HacTosmem penuse MOCTynmHa OWIMHEHHAs W MYyJNbTUIUHEHHBIE MOJAETU
MaTepuana ¢ U30TPOIHBEIM YIIPOYHEHUEM.
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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023
Puc. 74 Obwue napamempor omeoda 011 pacuéma ¢ y4émom niacmuidecKux
Odegopmayuii

Pacuer oTBoa C Yué‘l’OM NIacTHYHOCTH XI

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 |

Hns pacuéra ¢ y4érom mmacTHdeckmx Aedopmariii HeoOXOTUMO 3aIaTh
crnepyromue napametpsl (Tabmuna 4) B 3aknanke Pacuém (Puc. 75)
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Mento Pacuer

Puc. 75 Hapamempor pacuéma omeooa ¢ yuémom niacmuyeckux oegopmayuii

Mocksa, 2023

MapameTpbl MOAESNM OTBEOAA

-OEiIJJ,HEI Cetka Facdqér |

x|

=]

Craruka

Tun pacJyeTa

hMeTon pacHeTta

Mparoi (PARDISO)

MpeaosycnaenyMeaTent

MNocnegoeatensHas EE[xH

JTHOCMTENEHEA TOYHOCTE

1e-005

MpenensHOE YHCND WTEPELMA

1000

HenwHedHui pacueér

tMeTtogn

MooMpHUHpoBEaHHER Het

KonMuecTeo Warce nNo Harpyske

10

OTHOCMTENEHEA TOYHOCTE 007 OOCTH

1e-007

OTHOCUTENEHAA TOUHOCTE 419 NOKaS

1e-007

hdakc. konuMuecTED HTEpElLIMI::i A0 paEk

1000

CornacoeaHHan YNpyro-nnacTkiHeck

Ha

Macwras ona Harpyzok

1

Januce pesyneTaToE

Januck NoCNeOHero Wara

War zanuci

BHBON B TEKCTOBHIA dhain
lcxoaHEIE A8HHEE Het
Pezynetate Her

QTHEHE
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IMapamerpnbl MoesH (pacyeT) KOMIEHCATOPa

B ciyuae BeiOopa nmyHKTa [lapamempul Modenu Komnencamopa TPH HaKaTUU
kHonkn OK mpoumcxommT aBTOMaTH4ecKass TEHEpalys pacdeTHOH MOZEH
KOHMYECKOTO TMepexoia, B Ciydae BblOOpa TyHKTa Pacuem Komnencamopa
JIOTIOJTHUTENBHO K 3TOMY NPOMCXOAUT 3aIlyCK pacyeTa CTCHEPHPOBAHHON PacueTHON
MOJETIH.

NapaMeTpbl MOQIENM KOMINEHCATOPa x|

O6uwwe | CeTka | Pacuét |

H Matepwan nuHz
UseT |

Mooy ne ynpyroctw (Kxra) 200000 MMa
KoadgpuumenT MNMyaccoHa 0.3

KoadibmumeHT nuHedHoro Temnepart 1e-005 ljrpan
MnoTHoCTE 0.00785 KT/M™3

H NeomeTpna nuHz

HapyHblid onamMe Tp BHe WHWA 420 MM
HapykHulid onaMeTp BHY TREHHWIA 273 MM
TonwmHa CTeHKK 7 MM
Pammyc conpmxkeHna 30 MM
KonnuecTeo nuH= 3

[=IMaTepuan NpUMMBIKaNM TPYGE

Uset L |
Mooyne ynpyrocTu (HHra) 200000 MMa
KoadgpuumenT MNMyaccoHa 0.3

KosddprumeHT nuHeiHoro TeMmnepat| 1e-005 1/rpan
MnoTHoCTE 0.00785 KT/M™3

H NeoMe TpyA NpMMBIKAILMX TPYES

HapyxHuli onameTp 273 MM
TonwmHa CTeHKK 8 MM

oK I OtMeHa

3a1<nazu<1/1 Cemxka wn Pacuem COACPIKUT  3aJaBa€MbIC  IAPAMETPHI,
AHAJIOTMYHBIC paHeC ONMMCAHHBIM IS T‘pOﬁHHKOB.
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Mento Pacuer

Mocksa, 2023

MapaMeTpbl MOENH KOMNeHcaTopa

‘Oupe Cetka | PacuéTt |

x|

=

Tun K3

OsonouedHele CIK32

lNapamMeTpe N0 YMONYaH IO

Oa

KonwuecTeo K3 Ha yeTEEpTH OKpYXH &

KosgphHMUMEHT CrylweHns

1.1

Kao3dpcpMUMEHT NpKW HauansHoM ware | 0.1

Konwuecteo K2 Ha rHyToR yacTu rog) &

Twn KpaeBbLX yCNoBWiA

"Markmne"

o |

OTrMeHa
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Puc. 716 Koneunosnemenmnas mooensb TUH308020/CUbOHHO20 KOMNEHCAMOopa

Puc. 77 Hanpsoicennoe cocmosinue 1uH308020/CUbhHOHHO20 KOMNEHcamopa

. Ipunna 4 Hlla
209
289

w

,_.
=
@

LR R A I

87 .61
67 41
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Mento Pacuer

IMapametpnl Moaesu (pacyer) mepexoaa

B cmyuyae BwiGopa myHKTa [lapamempsi moodenu nepexoda TIpH HaXKATHU
kHonkun OK mpomcxomur aBTOMaTtHdeckas TIeHepalds pacdeTHOH  MOJIENH
KOHHYECKOI'0 Iepexolia, B cirydae BeIOopa IyHKTa Pacuem nepexoda AOTOTHUTEIHHO
K 3TOMY IIPOUCXOIMT 3aIyCK pacyeTa CreHepHUPOBAHHOM pacueTHOH MOJIEIIH.

MapameTpsl MOgenn nepexona il

OBwne | CeTka | Pacué'rl

Lset |
Mooyne ynpyrocti (HHra) 200000 MMa
KozdgdgmumenT MNMyaccoHa 03

KozdggmumeHT nnHeiHoro Temnepat| 1e-005 1/rpan
MnoTHoOCTE 0.00785 KT/M™3
HapyxHuifi amamMeTp ocHoBHOW | 325 MM
TonumHa cTeEHKM OCHOBHAaA 7 MM
HapyxHuii amamMeTp nepexoaHed 108 MM
TonumHa cTeHKM NepexXoaHan 7 MM
[MnnHa nepexoaHOR YacTm 500 MM

OK | OTMeHa

Bama)mn Cemxka u Pacuem COACPIKUT  3a/laBacMbIC  I[MApPaMETPhbI,
AHAJIOTUYHBIC PAHCC OITMCAHHBIM JIA TpOﬁHHKOB.
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MapaMeTpbl MOfenu nepexona

‘Oume CeTka |PacuéT|

80

=

=]

Twun K3 OgonoueuHsie CMNK2
MepecedeHune No cepeavwHHoi noser| la

MapameTpbl MO YMONMUAHWIO Na

Ko3chpMUMEHT CrylWEeHMA 1.1

KoadpdUMeHT NpK HavyansHoM ware | 0.1

Konwduecteo K3 no okpyXHOCTK Ha Wi &

Twn KpaeBbX YCNOBMWA "Markmna"

OK | OTtMena
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Mento Pacuer

Puc. 78 Koneunosnemenmuas mooensb nepexo0a KOHUYECKO20 KOHYEHMPUUECKO20

[legoprayun (Hacunas 159.28)
Hazpysanipe cquummmie gai
Tla8 1erue

Puc. 79 Hanp}wfcem-toe cocmosiHue nepexoda KOHUY€CKO20 KOHYeHmpuieckozo

iawexus. I'pygnna 4

Mocksa, 2023
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“CemeiictB0” porpamMmmubix komiuiekcoB ACTPA-HOBA’2023

IMapameTrpsbl Moaeu (pacyer) KOCOro CThIKA

B ciydae BeOopa nmyHKTa Ilapamempsl Moodenu KOco2o cmbika TIPU HAXKATHN
kHonkn OK mpomcxomuT aBTOMAaTWdecKas TE€HEpamus PacueTHOW MOJIEIH KOCOTO
cteika. [lpm BeIOOpe myHKTAa Pacuem Kocoeo cmulka TPOUCXOTUT —3aIlyCK
CTaTHYECKOTO pacyeTa IJIs CreHEPHPOBAHHON KOHEYHOIEMEHTHON MOICTIH.

MapaMeTpbl KI3-MO0ENM KOCOMD CThIKa I

[eoreTpLA I I:Ermal F'ach!TI

B lNeoMeTpyna cEapHOro Wea
Hron mesny TpUGardd 170 rpan
H apu#HeIf auardeTp 0273
T oNWHHA CTEHEM 0.007
HnuHa NpAroid 4acTid 1]
[UupiiHa BHYTPERHEMD cEapHora L (006
BricoTa BHYTpEHHErD ceapHora u O.007
[UupiaHa Hapy#Hera ceapHara we .07
Bricora HapystHero ceapHoro we 0003

H Marepuan Tpyt

A - e A e 4

Maakupyowwmin cnoi Her
CeapHbie WBL Her
Temneparypa Ha sHyrpenne 100 T

Japava rennonposogHocTH | Her

] I OTreHa Cnpaeka

3aknagku Cemka u Pacuem COmepXWT 3afaBacMble IapaMeTpBI,
aQHAJIOTHYHBIE OTBOJIAM U PaHEe OMMCAHHBIM /ISl TPOHHHUKOB.
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Mento Pacuer

MapaMeTpbl K3-MOAENM KOCOrD CTEIKA

Meometpua  CETEAE | Pal:'-IE!TI
(=g un K3 OfonoyeyHers CTE3 ll

MepeceyeHHe No cepegMHHORN Noee Het

H Napamerpu no ymMonyaHHo Ha
K. o= e LMEHT CRYWIEHA 11
F.o3 P HUMEHT MPK HaYaneHor war 0.2
F.onuuecteo K3 no okpyskHocT Ha | 16

Tun KpaeBbIX Yo AOBHR "Markue'

Ok I OrraeHa Cnpaeka
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Puc. 80 Koneunosnemenmnas mooenb Koco20 CmbiKa

Netoprayuu (MacunaS 0.00646)
Hazpu#aniue eguHUNHNE $aKNODS :

|

Puc. 81 Hanpsoicennoe cocmosinue kocoeo cmuika (Ha 0egpopmuposanHoii mooenu be3
mopyeswix 30H)

WHAR NOBESpPEHOCHU )
)
ocrocnu omfoga (C-C)

Hlla
142516 .56

120723.33
98930.08
77136.84
55343 59
3355035
11757.11
-10036.14
-31829 .38
-53622.63
-75415 88
-97209.12
-119002 .36
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Mento Pacuer

IMapameTrpnbl Moaeu (pacyer) CBAPHOT0 COeHHEHHUS TPYO

B ciyuae BeiOOpa myHKTa [lapamempuvl Mooeau c8apHo20 cOeOuHeHus mpyo
npd HaxkaTnd KHomkn OK mpomcxoguTt aBTOMaTrmyeckas TIEHEpalys pacyeTHOM
Mozenu Kocoro creika. [Ipu BbIOOpe myHKTa Pacuem ceapHoco coeduneHnus mpyo
MIPOUCXOUT 3aIycK CTaTHYECKOT0 pacuera TSt CTeHEPUPOBAHHOM
KOHEYHORJIEMEHTHOH MOJIEIH.

Puc. 82 Jluanoez ons 6600a 0bwux napamempos pacuémuou Mooenu ceapHo20
coedunenus mpyo

MapaMeTpbl MOOENH CBAPHOTO COEWHEHNA x|

OBuwme | CeTka I PacueT |

B NeoMeTpyuA NpAMbX TPYG -
¥ron mexoy TpySamm 180 rpaﬂ_
HapyxHeulit amameTp (1) 325 MM
TonwwmHa cTeHkn (1) 16 MM
HapyxHuiit amameTp (2) 325 MM
TonwwHa cTeHKM (2) 16 MM
[nuHa NpAMOA YacT 0 MM

H Matepwan Tpy6u (1)

H Marepwan Tpy6n (2)

H MaTtepwnan ceapHoro wsa

H Pactouka Tpy6s (1) Na
TonwWMHa cTEHKM B 20HEe LWn. pacTod 12 MM
WWMpWHa 20HEI LN, pacToukuy (1) 20 MM
WlnpyHa 20HbI KoH. pacTodkk (1) 20 MM

H Pactouka Tpy6u (2) La
TonwWHa cTEHKW B 20HE L. pacTod 12 MM
WMpWHE 20HLI LN, pacToukK (2) 20 MM
lnpKHa 20HbI KOH. pacToYKK (2) 20 MM

H CeapHo# woe
IIMpUHa BHYTPEHHETD KOPHA WEA 8 MM
BricoTa EHYTPEHHEND KOPHA WEa 15 MM
WMpWHa HapYXHEro KOPHA WEa 18 MM
BricoTa HapYXHETD KOPHA WEBa 2 MM
Temnepatypa Ha BHyTpeHHed v 100 C
3apaua TennonpoBoOHOCTH LNa

H MapaMeTpe KOHBEKLWMW
Ko3dpMUMEHT KOHBEKLIMKW 750 Br/m™2/°C T
TemMnepaTypa cpedsl 200 T

QK I OtmMeHa |
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B onmanHOM fuamore BBOAATCS OCHOBHBIE XapaKTEPUCTUKU CBApHOIO
coemquaeHuss TpyO. JlomyckaioTcss HeOoNpIIME pPa3NnAYMs B T€OMETPHUYECKHUX
XapaKTePUCTHKAX CTHIKYEMBIX TPYO.

Tabmmma 5 ITapameTpsl CBapHOTO COEANHEHHS TPYO

I'eomeTpust cBapuBaeMbIX TPYO

VYron mexay Tpyoamu 3HaueHne B Tpamxycax, eciau 3amgaHo 180,
3HAYHUT TPYOBI COCHBI

Hapyxusiii quametp (1,2) Pasmep D ma Puc. 83 mia xaxmoit 3
JIBYX CBapHBAEMBIX TPYO

Tommuaa crerku (1,2) Pasmep SO mHa Pumc. 83 mis xaxmoir m3

JIBYX CBAPHBAEMBIX TPYO

Pacrouka TpyOsI (1,2)

Tonmuna CTEHKH B 3oHe | Pasmep S1 ma Puc. 83 mna kaxmoit u3
ITHHAPIYECKON PaCTOUKHI JIBYX CBapHBAEMBIX TPYO
Iupuna 30HBI mumHAprdeckor | Pasmep L1 nma Puc. 83 mna kaxmoit u3
pacTouKH JIBYX CBapHBAEMBIX TPYO
[IIupuHa 30HBI KOHUYECKOI paCTOUKU Pasmep L2 na Puc. 83 mna kaxmoit m3

JIBYX CBApHBaEMbIX TPyO

CaapHoii 110B

[llupuHa BHYTPEHHETO KOPHS 1LIBA Pasmep LB Ha Puc. 83 - mmpuna xopHs
1IIBa BHYTPH CBapUBaEMbIX TPYO

BricoTa BHYTpEeHHET0 KOpHS LIBa Pasmep He na Puc. 83 - BrIcOTa KOpHS
1IIBa BHYTPH CBapUBaEMbIX TPYO

[IupuHa Hapy>KHOTO KOpHS LIBa Pasmep Lu Ha Puc. 83 - mmpuna kopHs
I1Ba CHAPY’KH CBapUBAEMBIX TPYO

BricoTa HapyHOTO KOpHS 1IBa Pasmep Hu Ha Puc. 83 - BrIcOTa KOpHS

11Ba CHAPYXKH CBAPHBAEMBIX TPYO

Puc. 83 Csapnoe coedunenue mpy6 ¢ 30namu pacmouxu

LH

80

s1

L1 L2 s0
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Mento Pacuer

Puc. 84 Pacuémuas modenv ceaproeo coeduHneHusi mpyo ¢ 30Hamu pacmoyku
(ppacmenm)

MIOK> 20

Y

ACTPA-CTAIMO (

MMapamerpsnl Mojeu (pacuer) NpsiMoii TPyObI (1aBJieHUE)

B ciygae Beibopa nyHkTa [lapamempuvl modenu npsamot mpyowi TP HAKATUU
kaonku OK mpomcxoauTt aBTroMaTHuecKas TeHepalus pacdeTHor Moaenu TpyOsL. [Tpu
BBIOOpEe TyHKTa Pacuem npsamon mpyObl 3allyCcK CTaTHYECKOTO pacuera s
CrE€HEPUPOBAHHOW KOHEYHORJIEMEHTHOM Mozesid. B KauecTBe Harpy3kH HUCHOJIb3yeTCs
JIaBJICHHUE, TIOATOMY PAacUYETHAsI MOJAETH MIPEACTABIIAET COOOH YeTBEPTh TPYOHI.
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Puc. 85 Jluanoe ons 6600a obwux napamempos pacuémmoi mpyool

MapameTpbl MoAeny TpybbI x|

Dume |CETKEI.| Pac:uéTl

HlMNeometpus npaMoii TpyYew

Hapys#Heb auameTtp 325 MM

ToNuHHAE CTEHKK 13 M
H Martepuyan TpyGu

Mnakvpywwuii cnoi Her

Temneparypa Ha BHYTpeHHelr m 100 -

Janaua TennonNpoBOAHOCTH Her

PaGouee pagneHuve n kMa

(0] I OTmeHa

88 HUILL Cta/luO



Mento Pacuer

Mockga, 2023

Puc. 86 Pacuémmnas mooenw npsimoti mpyoovi

HIOEZ 20

f

ACTFA-CTAINHMO (2Z01711)
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Menr Pe3yabTaThi

90 HHULL Cta/lnO



Mento PesynbraThbl

BapuaHnTbl Harpy3ok

Jus  moObIx  THIOB  TpaduyuecKd OTOOpakaeMBIX  pe3yiabTaToB, 3a
UCKIIIOYEHHEM OLICHKH NPOYHOCTH, BBl MOkeTe MOCMOTpEeTh BKJIaA KaXIOTro THUIIA
Harpy3kd B CyMMapHbIe pe3ysbTaThl. [y 9TOro mpenHasHadeH Quaior Bapuanmul
Haepy3ox. Bun auanora (1 Habop 3HAYMMBIX Harpy30K) 3aBUCHUT OT THIIA JETalH.

Bri0op Harpy3ok [uisi TpOiHUKa, JUIS OTBOJAA M KOCOTO CThHIKa, Iepexoja U
komreHcatopa (Puc. 87—Puc. 89).

OtmerbTe (QuakkamMM Te€ Harpy3kd, BKIaJ OT KOTOPBIX JIOJDKEH
NPUCYTCTBOBATh B OTOOPa)KaeMbIX pe3yJsibTaTax.

Puc. 87 /luanoe evibopa eapuanmos Hazpy30K 0151 MPOUHUKA

e B
1. HOaBneHmue [(C-C)
Z. TeMnepatypa [(C-C)
3. OCeBHe CHIE OO0 TOPOY WTyHepa [(C-C)
4, QOpeBHe CHIE OO0 TOPOY ManMeTpanx [(C-C)
5. MzrufsmmMi MOMEHT B MADMCTPESIM B INOCKOCTHM TpOHHMEAS (C-C)
6. MzrufsmyMi MOMEHT B WTYVUEpEe B IMOCKOCTH TpoHHMEa [(C-A4)
7. MoMeEHT B WTY¥Oeps MS OIAOCKOCTH THOHHMES (L-C)
8. Marubammmi MOMEHT B MADMCTPAIM MS MOCKOCTH TPOHHMES [A-C)
9. EpyTauMi HMOMEHT B WTyOepe (A-A)
[w] 10, KpyTMmgMi MOMEHT B MATHCTDAMM (L-A4)
ErfpaTe BCE | CHATE BCe OE OTMEHS

Puc. 88 /luanoe evibopa sapuanmos Hacpy30K 051 0ME00A U KOCO20 CHbIKA

Ebifiop Harpysokx [ =) I

Jaenenme [(C-C)

TeMmnepaTypa (C-C)

Oocepaa cuaa Nz (C-C)

HMsrubamumni MoMerT Mx B OaocrocTH oTBoma (C-C)
Hsrubamumni MoMeET My MZ OIocKOCTH oTBOoOa [A-C)
Kpyrmumi MoMesHT Mz [(A-4)

RIE & &R
= T QY - LI S

CHATE Boe QK CTMEHa
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Puc. 89 /luanoz svibopa eapuanmos Hazpy30k nepexoda u KOMIEHCamopa

Boifiop Harpysok [ x| I

JaeneHHe

TeMnepaTypa

Ocepad cuiaa Nz
HM=rxfsennri MoMeHT Mx
HM=rmbamnuid MoMeHT M=
Kpvraumni MoMeHET My

KKK
ST, R Ry

CHATE BCE | O | OTMEeHa |

I'pynmel pemraembIx 3agad (CaMOypaBHOBEIICHHBIC TI'PYINBI Harpy3ok), Ha

KOTOpble pa30uBaeTCs MCXOIHAs IONHAas 3agaya (HWKE — Uil OPTOTOHAJIBHOTO
TPOHHUKA):
= C-C (cuMMmerpus-CUMMeTpHs) — JaBjeHHe (C YpaBHOBCIIMBAIOLINMH

92

TOPIIEBBIMH OCEBBIMH CHJIAMH), TEMIlepaTypa, OceBas cwia B INTYIEpe,
oceBas CHla B KOpIyce, M3rHOAIOIIUi MOMEHT B KOpPIyce B IUIOCKOCTH

TPOMHUKA,

= C-A (cUMMETPHI-aHTHCUMMETPHs) — H3THOAIOMMA MOMEHT B IITyIEpe B

IJIOCKOCTH TPOMHUKA,

= A-C (aHTHCUMMETpUSA-CUMMETPHUS) — U3rHOAroIUii MOMEHT B LITYIlepe U3
IUIOCKOCTH TPOWHWKA, W3rHOaromMii MOMEHT B KOpIyce M3 IUIOCKOCTH

TpPOMHUKa;

=  A-A (aHTHCUMMETPUSI-aHTUCUMMETPHSI) — KPYTAIIME MOMEHTHI B IITyIEpe U

B KOpITyCe.

HUILL CtaluO



Mento PesynbraThbl

3HavyeHUs HATPY30K (TPOITHUK)

Jlmasor mpeHa3HaYCH IS 3a/IaHUs HArpy30K Ha TpoiHuK (Puc. 90).

Puc. 90 3a0anue snauenui Hazpy30k 015 mpouHuKa

|
—Tun Harpy
@ EnuHuuHas (MH, MHM, MMa)
 3aposeemad
M=z ACTPAHOBA (CTAL)

[3ran2 =l
€ Vs ACTPAHDBA (CEFICH) Homep eextopa
IEDGJJEDICYBME ket cnekrp = |1 =

BryTpeHHee aaenenns |0 MTa.
Mepenan remneparyp |0 mpan

[ Cunel Ha Topuax (kH) - MomenTe Ha Topuax (KHH)
Fx Fy Fz hx by Mz

1o Jo [o o [o o

2|n |u |u 2 |u |u |n

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

TIPMIME HAHWIE: BoS Ciflbl 1 MOMEHT 6! S2AEHH B CUGTEME KOOPAMHET TPORHHIE
(2~ M0 MArMETPANM, ¥ - N8 WTYLEPY, X' - H3 MNOCKOGT H TRORHHKE)

MpoBepKa Ha pasHosecHe

B nanHOM amanore MOXKHO BBIOpAaTh WM BBECTH BPYUHYIO Harpysky, Ui
KOTOpPOil HEOOXOAMMO TIONYYHUTh pe3ydbTaThl (KOMIIOHEHTHI II€pEeMELICHUN U
HaIpsOKEHUH, MX SKBUBAJICHTHBIE BEIMYMHBI). BO3MOXKHO HCIIOJIB30BaHHE CIIETYIOIINX
THUIIOB Harpy30K:

—  Enunnunas Harpyska;

- 3az[aBaeMaﬂ. B stom CJly4ae BCC CHUJIbI © MOMCHTBI 3a1ar0TCs OJIb30BATCJIEM
C Y4YCTOM IIpaBUJI PABHOBECHS,

—  Harpyska, nonyuennas uz ACTPA-CTALL (siro60ii u3 3TanoB pacyera);
— Harpyska, nonydennas um3 ACTPA-CEMCM (3amaBaemasi COGCTBEHHas
(hopma koneOGaHHi WITH IIaT MHTETPUPOBAHHMS 110 BPEMEHH).

F!— nonepeunas cua no X, NpuokeHHas K MEPBOMY TOPILy MarMCTPaIy;
2
F,” — monmepeunas cuna o X, NpUI0KEHHAs KO BTOPOMY TOPILY MarucTpa;

Fx3 — ToTiepedHas cuia mo X, MpuJIoKeHHas! K MTYIEPY;
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1
FY

2
Fy

y

— ToTIepeyYHast CHiIa 1Mo Y, IPHIOKEHHas K TIEPBOMY TOPILY MarucCTpalli;

— I[onepeyHas cujia no Y, MPUJIOKCHHAs KO BTOpOMY TOpIY MarucTpaiu,

3
F; — oceBas cua, mpriioxeHHAs K IITYLEDY;

F' — oceBas cusia, MPUIIOKEHHAS K IEPBOMY TOPITY MATHCTDAIH;

F2

z

— 0CEBasd Cuja, MPUIJIOKCHHAA KO BTOPOMY TOPIY MarucTpasiu;

Fz3 — I[omnepeyHas cujia no Z, MPUIJIOKCHHA K HITYLEPY,

Ml

X

M2

M3

1
MV
2
My

3
My

Ml

— wu3rubaromuii MOMEHT B IUIOCKOCTH TPOWHUKA B TIEPBOM TOPIIC
MarucTpaiy,

— m3rUOalomMid MOMEHT B IUIOCKOCTH TpPOWHHKAa BO BTOPOM TOpIE
MarucTpaliu,

— M3TUOAONTII MOMEHT B INIOCKOCTH TPOWHHKA B IITYIIEPE;

— wm3rubarolmuii MOMEHT W3 IUIOCKOCTH TPOWHHMKA B TIEPBOM TOPIIE
MarucTpaiy;

— u3rubammuii MOMEHT U3 IUIOCKOCTH TpPOHHHMKA BO BTOPOM TOpIIE
MarucTpaiy;

— KpYTSIIUIA MOMEHT B IITYIEpE;

— KpYTSIIUA MOMEHT B IEPBOM TOPIIE MariucTpay,

M 22 — KpyTAIUI MOMEHT BO BTOPOM TOPLE MAruCTpaiy;

M3

— M3TUOAOLTII MOMEHT M3 IUIOCKOCTH TPOHHHKA B MITYIIEPE.

Bce cuibl 1 MOMEHTEI IIPUBCJICHBI B CUCTEME KOOpANHAT TpOﬁHHKa, MMO2TOMY

YCIIOBUSI PaBHOBECHSI TPOWHHKA OYIyT CIIEIyIOIHe:

94

Fl4 F24+F’ =0 MI+MZ+MP=0
1 2 3 1 2 3
F+F +F'=0 My +M/+M =0
F+F +F’ =0 M;+M?+M:=0
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Mento PesynbraThbl

3HavyeHUs HATPY30K (0TBOJ, KOCOI CTHIK)

Juanor IpegHa3HAYEH Ul 3aJaHHS HArPy30K Ha OTBOI MIIM KOCOH CTBIK
(Puc. 91).

Puc. 91 Buibop 3Hauenuil Hazpy30K 0151 0meooa u Koco2o CMulKd

T

— THN Harpy KM

(™ Emmrmanas (MH, bH, bMa)
(" Japasserasn
Wz ACTPAHOBA (CTALY

ISTalﬂ - Becuw ogeneHuUe B padodeM COCTOAHMM ﬂ
=z ACTRPA-HOBA (CEFICKM) Homep eekTops
IBDS;{BMCTBME MET (yron M) cnekTp LI |1 :I
BHyTpenHee oaenenue  |8.73 kM

Mepenag TeMNepaTyn ID rpaa
— CMNOBEIE chakTopk
1-1
Nz' |2.3629 KH
Tl I] 615 KH*r
by IES B577 kH M
hdz' |9.2592 KH*M

orern_|
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3HaveHHUs HATPY30K (Mepexoa, KOMIIEHCATOP)

Jluasor IpeqHa3sHaveH IS 3aJaHus HArpy30K Ha MEPEXO]] M KOMIICHCATOP
(Puc. 92).

Puc. 92 Bvibop 3nauenuii Hacpy30k 015 nepexood u KOMNeHcamopd

P

— THN Harpy KK

(" EauHmunaa (MH, MHM, MMa)
(" 3anssaemasn

& iz ACTPAHIOBA [CTAL

ISTan] -Bec w neeneHue B pagoder COCTOAHUK v|

Mz ACTRAHCOBA (CEFICM) Horep BekTopa

IBDSneﬂc‘rBMe M (yron MET) akcensporpaMma j |1 :I

BHyTpeHHee oaeneqwe  |8.73 WMa

Mepenaa TeMnepatyp IEI rpan

—CUNoBELIE daKTopel
1-1 2-2
Mz |u.0535 |0.0535 KH
b |—9 4338 |4 5136 KH*M
My 01411 [0.0383 KH
Mz |u.1115 |n.ms KH#m

HUIL CtalnO
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JdedopmupoBannas cxema

INoka3 nedhopmupoBantoii Moaenu (Puc. 93).

Puc. 93 Iokaz dehopmuposannoii Mooenu cOBMECmHO € UCXOOHOU

Megopravuu (Hacumas 5. 176587
Hazpyxawuue eguHuYHEE $3HMODH
Tabasmus (C-C)

Teunspamgpa (C-C)

Ocefpe CuMl RO NOpuY uny
OceBsie Cu/bl O MOpuy i
HzzuSanuui MoMeHn B
Y=zuBanuui Momcrn M

Homern B wngyepe

Y=zubanuui MoMe:

Epynauui HoMeHn,

EKpynayui Mome

Mocksa, 2023
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Hcxoanas cxema

[TocraBeTe (r1axkOK HANIPOTHB 3TOTO ITYHKTA, YTOOBI OBLT MMOKa3aH UCXOTHBIN
SIIEMEHT BMecTe ¢ gaedopmupoBantbiM (Puc. 94).

Puc. 94 Hcxoonas u degpopmuposannas mooenu

NETE]
daiin PacweT PesyrbTatel Bl ONH0 7
IEEE IR
e XA 0@ 1/ n|mm|mwH

—lalx]

e untrinze »
pokocku mpoikuxes (A-C) M2 ' L mpodduks (A=C)
:

N A

Macmrao

BbI30B  jguanora Ui peJaKTHPOBAHUS MacmiTaba MEepeMENCHuH s
BU3yanu3anuu aepopmuposantoit mogenu (Puc. 95).

Puc. 95 JJuanoz ons evibopa macumada

T
[¢

cora_|

98 HUL] CtaluO
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ABTOMacITA0MpPOBAHHE

Haxxmure myHKT — Aémomacwmabuposanue ISl aBTOMaTHIECKOTO
OTIPEEICHNS BU3yaIbHO IIPHEMIIEMOT0 MacIITaba.

H3onoas nepemeneHui

IToka3 BbIOOpa KOMIOHEHT IEpEeMENICHHH M H30JMHAH TepeMeIIeHIH
(Puc. 96 u Puc. 97).

Puc. 96 /luanoez ons evibopa komnonenm nepemeweHuil Oist GU3YaAIU3AYUU
UBOMUHUAMU

MepeMeLiieHs [ x| I

i~ NuHelHse
(" MoocuX

(" MoocuY
( MoocuZ

(& CyMMapHuie

[V MzonuHuW Ha AecdopMUpOBEHHOI cxeMe

ovene_|

Puc. 97 Hzonunuu nepemewyenuti na 0eghpopmuposanto Mooeiu

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

Fonnapmie nepeneusmz
[Hazpynanyus_cqumumse gaxnops
[abastus (C-C)

Tennepanypa (C-C)

cefnie cum no mopuy ungyspa (C-C)
Ocsois cumi no nopuy masucmpau (C-Cy

HS2UB200UW MOMEHN B M3ZUCMDAAU 6 NAOCKOCHU npouHuxa (C-C)
HazuSaroqui momerm 8 wmgyepe & niockocmu mpotmna (C-A)
Monerm B URYUSDS US MAGCKOCHU MpoRMUKA (A-C

M32uS20Uui HOMEHR B MSZUCMDAAU W MASCKOCHU mpouMuka (A-C)
Kpynuputi nomerm & unguepe (A-A)
KEpynmuui nonsmn 6 nasucnpasn (A-3)

N
i
A
i

N
W
!

S A
N
N

Ly

T
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3annce AVI-daiina

JlaHHBIN IMyHKT MEHIO MPEAHA3HAuYCH [UI CO3JAaHUs BHJIICOPOJIMKA W 3aIHCH
ero B AVI-daiin ama pe3ympTaToB ceHCMHYECKOTO pacdeTa B Cilydae BBIOOpa
BO3JICHCTBUS, 3aJAHHOTO aKCENepOrpaMMOHu.

Hmnsa 3ammcn AVI-daiina Hago HACTPOUTH BHI O0TOOpaXaeMoOTO pe3yibTara
(mepeMeneHns, HaNpsDKEHUS), BHIOpaTh B KadecTBE HATPY3KH CEHCMOBO3IeicTBHE
3amaHHOe akceneporpamMmoii. [Ipu stom myHKT MeHI0 3anucsy AVI-gpatina cTaHOBUTCA
aKTHBHBIM, €r0 CIEAYeT BHIOpaTh U yKazaTh UMst OpMHUpYEeMOro Buieodaiiia.

Jlist Kakmoro MOMEHTa BpeMeHHW (lara HWHTErpupoBaHus) (opmupyercs
Kaap, cojaepXalMi n3o0pakeHHe neGOpMHPOBAHHOW WM HANPSHKEHHOW MOJENN

neranu.  I[lpocmorp  AVI-ghaiin  ocymiectBusiercss  JrOOBIMHU

JOCTYITHBIMH
BuneonpourpsiBaressiMu (Puc. 98).

Puc. 98 Kaoput euoeoporuxa ounamuxu H/[C mpotinuxa om cetlicmuueckozo
6030€licmsuUs, 3a0aHHO20 AKCENepOSPaAMMOLl

6 ubareunnce wanprrewue (Tpecka) S

22 uBam

lonenn © wnguepe us nAockocau mpouKuxa )
nonewn B ik

(ponmaus nonewn 6 unguepe (A-A) (71 033  xen)

(puRANuE Momexn & mazucapasu (A-A) (-1.359 xie

o us anm
[Haz pyan
-

oe ManpReeNUS (1pecha) SaKD
gaxnops us ACTPA-CEACH
Axcesepospanna. Towra N31 (1.6 cex)

Mlla
219.12
201.20
183.28
e 165 .35
5 nccrocau
onewn © wagueps us niockocu apoiwwra (AC) (31 g55 yHam)
nonesn & npousuxa (A-C)
(Pynaxis nomeun & UAGUSPS (AA) (-69.45 xiiwn)
ek i & pomiorours (L4 (5 2080 whe)

>.<

100 HUILL Cta/luO



Mento PesynbraThbl

H3onoas gedpopmanmii

B cnywae mpoBemeHms pacuéra ¢ y4€TOM IUTACTHYECCKHX JIedopManuit

IOCTYIICH TI0Ka3 KOMIOHEHT OOLIMX, YIPYIMX W IUlacThdeckux aedopmarmii (Puc.
99).

Puc. 99 Jluanoe ons evibopa komnonenm oegpopmayuii 6 ciyuae nposedenus pacuéma
€ yuémom niacmuyeckux oegpopmayutl

ﬂ

E- O6wyue nedgopHalMvu

- HrROMOOHEHTE 06WEe A Aed OpMaUHK
- Y-KOMOOHEHTE O6IWER e dOpMaLdiA
- Z-KOMNOHEHTA 06 Wi AedOopMaLmHK
- 07 COBWMOESA 06WaA AedopHanmMa
- Y'E COBWMOEAA 06WaA OedopHanMa
- AZ CABMrOEaR 051WLasA O g OopMaLMs
-1 rNaeHasa 06WaS AadopHanmMa

- & FIEEHAA 0BWAR AadOpHaLMa

- 3 rnaeHan o8Wwan AedopmanmMa

- JBWwas nedopmauyMa Tpecka

- DBWas gedoprauHs Museca
=-Ynpyrue nedpopHauuM

- Mnactuueckue nedpopHMaldH

CK. ona BblECOS KOMAOHEHT

IFnDﬁaanaﬂ Ck. LI

teTon MNEAHWEEAEHHMA HENDAKEHWH B TOYHKEX HHTEMNIMPOEaHHMA B Y3 Nkl

||_|C| Enxakler TOUKE MHTErpUpoOBSHKA vl

Cnocof ocpeaHEHKMA No YZnar

IEuea ocpeaHeHHA vl

[V M=20nuHMM Ha AethopMUpOBAHHOR Cxere

[¥ MokazkeaTe MoXOOHYK cxemy

onwe_|
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H3onous HanpskeHN i

IMoxkas BeIGOpa koMnoHeHT Hanpspkenuii (Puc. 100 u Puc. 101).

Puc. 100 Juanoe ona 8b100pa KoMNOHeHmM HARPAXHCEHU 8 Cyude 00010YeyHOU
Mooenu

Hanpswerna (k) [

—BEpXHﬂﬂ H HMHIE NOBERXHOCT

(e Sx' Sy Ty
[NEEHEIE HANPAHKEHMSA
’7(‘ 21 53

(" Sake (Tpecka) " Sake (Muzec)

—CepeanHHas NoEEpXHOCTE

S Sy (™ Tty O Tx'z 0 Ty's!

=1 82 53

"rﬂaBHbIB HanpaxeHWa

{~ Sake (Tpecka) (™ Sake (Muzec)

CK. ana erlB0aa KOMNOHEHT HENRAHKEHHEA

IﬂDKEU‘IbHElSI CK. anemeHTa v|

heTon NPEYEEAEHIA HElI'IpS!)KBHMm E TOUKEX HHTEMPHPOESHKWA B 43Nkl

||_|D Gruaniuei TOWEe MHTEMPHPOBEHKA V|

Cnocof 0cpeaHEHKS No Y30aM

IEea OCPEAHEHKA ﬂ

[¥ He nokaskiEaTs HENPRKEHWS B TOPLEELX 30HEX

[~ M30MHHWK HA A8 hOPMHPOBAEHHOI CxeMe

OTtreHa |
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Puc. 101 Jluanoe 0ns 6b160pa KOMROHEHM HARPANCEHUS. 8 CLyUae 00BEMHOU MOOeau

ﬂ

- FoKOMNOHEHT S HENPD AHKEHWA
- Y-KOMIOHEHT & HANRAKEHKSA
- £-KOMNOHEHT & HANP AHSHUA
- COEWMIOBOE HANPaHEHHE
- Y'E CAEWMIOEOE HAMNPAKEHKHE
- % E COBWIOBOE HENPEKEHKE
-1 rnaeHoe HanpAwKEHKHE

- 2 FNEBHOE HANpAKEHME

- 3 rnaeHoe HanpawReHKHE

- HanpsxeHue Tpecka

- HanpsaxeHue Muzeca

CK nns erle0na KOMAOOHEHT

IFnDﬁaanaﬂ K. LI

MeTon MPHEEAEHMA HANPAXEHKWH B TOYKEX HHTEMPKMPOBAHMA B 4306

IMaKc.nD MOOYNH SHEYEHKE B K3 v|

Cnocof ocpeOHEHMA MO Y2nar

IEuea OCpEeaHEeHKA v|
[v He nokazkigaTk HANPAKEHWA B TOPLUEBLIX 3OHEX
v K300uHMK Ha AehopMUpOBEHHON CXeMe

[~ MokaswieaTe MCxaaHyw cxery

OTrMeHa |

Ins CIIKD-momenu Sz’ B sokamsHOM CK  Heswauumo, TX’z’, Ty’z’
NPUCYTCTBYIOT TOJBKO HA CPEOUHHOW IOBEPXHOCTH, BO3MOXEH IPOCMOTP
HaINpsKEHHOT'0 COCTOSHUS Ha CPEMHHON MOBEPXHOCTH.

Jns monHbIX pacy€THBIX Mojeled U Mojeledl TPOWHHUKOB BO3MOXKEH
MPOCMOTP KOMITOHEHT HAIPSKEHUH B TII00aJIBHOM cHCTEMe KOOPIMHAT.

3HaueHMs HANPSDKEHUH BBIYMCISIOTCS HE B y3J1aX, a TaK, YTOOBI JOCTUraJlach
HaWTy4Inas BO3MOXHas U1 JAaHHOTO KOJIMYECTBA TOUEK TOYHOCTb MHTEIPUPOBAHUS.
B IIK ACTPA-CTAIMNO ucnone3yercs kBagpaTypHas cxema ["aycca.

3HaueHMs] B TOYKAX MHTETPUPOBAHMS MOTYT OBITH mpuBeAeHbl KD K y3mam
IpY IOMOIIY PA3JIMYHBIX, HO PAaBHO HECTPOTUX MPOLETYp YCPEIHEHUS.

OTH MeToABl CTPOSATCA TAaKUM 00pa3oM, dYTOOBI HE IPOITYCTUTH
SKCTpEMaIbHBIC 3HAYCHHWS HANpsOUKEHWH B TOYKaX MHTETPHPOBAHMSA H  JaTh
JIOCTOBEPHYIO KapTHHY paclpeiesieHIs] HalpsDKeHNH B paccMaTpUBaeMoil o0iactu (B
TOM YHCJI€ B 30HAX C BEICOKHUM I'PAIHEHTOM M3MEHEHUS HANPSDKCHUH).
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B IIK ACTPA-CTAAMO peanu3oBaHbl CIEAYIOIIME METOAbl HPUGEOeHUs
HanpAd3Ccenull 6 MOYKAX UHMEZPUPOBANHUA K Y3TIAM:

e  Memoo 1. Cymmuposanue c 6ecamu HnO MOYKAM UHMEZPUPOBAHUSL.
OcpenHeHne 3HaUYCHUH B y3/laX Ha BEpXHEH W HIDKHEH ITOBEPXHOCTAX
00paTHO-IIPONOPIIMOHATBEHO KBaJpaTy paccTosIHAA oT TOYEK
HMHTETPUPOBAHMUS 10 BBIOPAHHON TOUKH.

o  Memoo 2. Buvibop maxcumyma 6o ecem KO. Bpibop MakcHMalbHOTO IO
MOy 3HadeHUs JUId Bcex Touek uHTerpupoBanHus KO. IlomyuenHnoe
3Ha4YeHUe NpHCcBanBaeTcs BceM ToukaM KO.

o Memoo 3. Ilo 6nuscaéweti mouxe unmezpuposanusi. HanpspkeHue B y3ie
Oepércs 1o OnmKaiiei TOUKe HHTETPUPOBAHUSI.

Memoo 4. Kybuueckass oxcmpanonayus. Vcnonbzyercst KyOW4ecKui
moJauHOM mojamHoM: S(X,Y,z) = a + bx + ¢y + dz + exy + fyz + gxz + hxyz, rme X,y,z —
HarypanbHbie koopauHatel KO, a,b,c,d,ef,g,h — koaddunmentsr. s onpeneneHus
K03(h(HUIMEHTOB KyOMYECKOTo TIOJMHOMA HCHOJb3yeTcss 8  YITIOBBIX TOYEK
“HTerpupoBanus. B urore umeem 8 ypaBHeHuil ¢ 8-10 Heu3BeCTHBIMU. Pelas naHHYIO
cucTeMy, nosrydaeM Kod(duimenTsl kyondeckoro monuHoMa. [loacramisem, 3ateMm,
HaTypajbHbIE KOOPAUHATEI y3JI0B B JAHHBIN MOJMHOM, M1OJIy4a€M UCKOMBIE 3HAUECHUS
KOMIIOHEHT HampsbKeHWsH B y3nax. JlaHHBIM cmoco0 mpuMeHsieTCs TOJIBKO IUis
HITK320.

[lpuMeHeHHE TIEPBOrO METONA OCPECIHCHUS HECKOJIBKO  YMEHBIIIAET
MaKCHUMaJIbHOE HAMpsDKCHUE IO CHCTEME, BBIYUCICHHOE B y3JaX, HO MO3BOJISET
MOJIYYUTH KapTHHY paclpeaeNeHIs HAMPSHKSHH, OJIM3KYIO K PealbHOM.

Bropoii crioco6 Hanboisiee MOAXOAUT /s 3HAKOMIOCTOSIHHBIX HAMPSKEHHN
(HanpuMep, Uil BU3yalu3alii HOPMATHBHBIX OLEHOK HAMPSDKCHUI) U MO3BOJISIOT HE
MPOIMYCTHTh MAKCUMAJIBHOE 110 MOJIYJIIO HAIPSKEHUE.

IMocne mnpuBeleHUs HANPSDKEHUH K y3jaM MOMKHO Ui KaXAOTo y3ia
MPUMEHUTH TPOLIeyPY OcpeaHeHus o Bcem KD, coepkaniumu JaHHbBIH y3ed1.

PeanuszoBaHo [1Ba cnocoba ocpeonenus no yznam:

—  Cpeodnee apugpmemuueckoe
—  Makcumanvnoe no modyio 3nauenue

Bo3moxen nokaz nanpsaxncenuii 8o Bcex KD wnmm 3a uckmouyenunem KO
TOPIIEBBIX 30H. B TOPIIEBBIX 30HaX BO3MOKHO MOSBICHUS “TApa3sUTUIECKUX’ BBICOKUX
HaNpSDKCHUN W3-32 3aKPEIUICHUH HEKOTOPBIX Y3JIOB Ha Topie (Hampumep, B KO-
MOJIETIN OTBO/IA).

Jlnst TOBBINIEHUS] HATJIAJHOCTH IIPEJCTABICHHS HAIPSHKEHUH peayin3oBaHa
BO3MOXHOCTb OTOOPAXKCHUSI U30UHUIL HA Oepopmuposannoit cxeme (Puc. 102).
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Min / Max B ToYKkax HHTErpUPOBAHMS

W3-3a mpUMEHEHHBIX TIPOIENyp TPUBEACHHUSA HANPsDKCHHH B Y3Ibl H
IpOLENYyp OCPEOHEHHUs MO Y3/1aM pealbHOe MHUHHMAJbHOE W MaKCHMaJIbHOE
HaINpsOKEHUE MOXKET OTJIMYAThCS OT MOKA3aHHOTO Ha IIBETOBOM MaIHTpE.

Iyt Min / Max ¢ moukax unmezpuposanusi TpeAHAa3HAYCH UL TOTO,

‘{TO6LI yBHaTB peaHBHOG BBIYUCJIICHHOC HaHpﬂ)KeHI/Ie B TOYKax HHTerHpOBaHHH
(Puc. 103).
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Puc. 102 Buszyanuzayus HanpsajiceHutl Ha 0epopMuUpo8anHou Mooeu

Dau Lt 2R ]

g asde wany
Squsutne ara

o e g 2 ¥Tls
Momers 6 wnguepe 3 nAvcxooku mpodiuxe (A-C)

23%.05

a8
2002.97
1006 44
160990

113,97

Hanpawenwa (CTH)

st gy
Fheeree rpasene
s &

cow

7 Sov(Tpecesl  Sare o]
Cepemema remepmmecrs

Cs Cy oW

s rrpremsn

cs s

© S Tpwesal € SounMecec]

T
7

Meran v narpeene  Tow 3 omer s poae = s
e ——
KRG b oo
Contree spmesveninecc |

=l

Noxss rarpusmsss
(e——r—

 #a0mea el s

_ e | |

Puc. 103 Jeemosaa narumpa u Min / Max nanpssicenuii 6 moukax uHmezpuposanus

=10l x]
Prnasast

MEAS T-7-002-86
Mpufegenmie Hanparemua. Sman 1 Hlla
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OuneHka NMpPoOYHOCTH

Jns  BU3yanusanumM  pacdeTHBIX NPHUBEICHHBIX WJIH OTHOCHTEIHHBIX
HaIpsOKEHUM HOPMATUBHBIX OJTalOB-TPYNIN MNPU  AEHCTBUM IOJHOW CHCTEMBI
3aJJaHHBIX/UMIIOPTHPOBAHHBIX HArPy30K.

IMoka3 BEIOOpa STara pacyeTa pH BU3YATM3aIiH OIIeHKH TpouHocTH (Puc. 104).

Puc. 104 [Juanoz ona evibopa smana pacuema npu 6U3yanu3ayuil OYeHKu nPOYHOCMuU
(npusedenHbIX U OMHOCUMENbHBIX HANPANCEHULL)

OueHka npouyHocTU({MHAS Ir-7-002-86) |

Bua pacueta

ICTaTHKa V|

3Tan 3 Mpynna 3 (pasmaxy HanpaReHWEE)
3tan 3. Mpynna 4 (aMNAKMTYAE HANPRKEHMEA)
KeneiTanua. Mpynna 2

—HanpaxeHue

® MpuEEOEHHOE (~ OTHOCUTENEHOE

MeTon MPYEEOEHMA HAMNPAKEHWHA B TOYKEX MHTEMPMPOBEHWA B Y36l

IMaKc. no Moaynk sHaveHue B K3 V|
CnocoS ocpedHeHMsA No Yy3nam
IEea OCpeaHeHuA v|

[¥ He oueHWBaTE NPOYHOCTE TOPUEEOH 30HE

[v Yuet Tz 1 Tyz HE CREOMHHOMN NOBERXHOCTH
[ | SHERH CE R EM B RN R ERE R [E HEH TR SHEHAMEH dEErE

[~ M200MHMM HE et 0pMUPOBEHHDH CXaMe

orema_|
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I'paduxu (oT Harpy3kmn)

[ocne pacuéra mo ompenerIeHnIo MpeaeNbHON Harpy3KH TOCTYIHBI TpaduKu
CIIEAYIONINX BETHIHH

MakCMansHaa rNagHaa ﬂeq}OpMaLlMﬂ

MnacTmyeckan paboTa
OTHOCKMTENEHAA MNACTMHECKan paboTa
MPOMIECAHAR OTHOCMTEMNEHOM MAACTMUECKOR pEBOTE

[Tpu BeIOOpE THIA rpadyKa NOSBISETCS OKHO C IPaKOM.

0.85
09
0.8s
os
075
07
0.65

o
o

085
05
0.45

MNapamatp Harpyzku

o
.

0.35
03
0.25
02
0.18
0.1
0.08

0 0oz on4 006 002 01 0412 044 016 018 02 022 024 026 028 03 032 034 036
MaKcHManeHas raeHan AedopmMalna
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Puc. 105 ITnacmuueckue depopmayuu u 2pagpuxu ckopocmu usMeHenus yOerbHol
niacmu4eckou pabomoi

kast gedopmarpsi Tpecka
10 ToukaM mETerpuposamms 0 / 0.802631

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

# Tpauc - 0 X

QaQqesr+s 8 8§ 0

22
21

18
18
13
18
15
14
13
12
11

© oo o oo 0090 o

08
08
07
(13
05
04
03
02
01

(]
0 00501 015 02 025 0.3 035 0.4 045 0.5 055 06 085 07 075 08 085 09 095 1

MnacTuieckas gedopMammus Tpecka
Min/Max mo ToukaM mmrerpmposamwa 0 / 0.255138 20452
2 Tpagmc .18748 —
@1 .17043
Qo +943 3 851
.15339
.13635
»t- |
. .11930
L .10226 =
2 .85217E-01
» .68174E-01 =
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»
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21 0.0000
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Otuer

Hnsa pacuéroB H/IC w mpoyHOCTH W OIpeneNeHus] MpelelbHBIX Harpy30K
MOJKeET OBITh C(QOPMHUPOBAH KPATKHI UTOTOBBIA OTYET

[Ipu BeIOOpe myHkTa Omuém nocie pacuéra HC u nmpodHOCTH TOSABISIETCS
JIHAJIOrOBOE OKHO ¢ HacTpoiikamu otuéra (Puc. 106).

Puc. 106 Juanoe ons nacmpotixu suoa omuema

HacTpoiika oTueTta .

MapamMeTpel reHepaumu oTyéTa

[V Yuer Twz u Tyz Ha cpeamHHoi nosepsHOCTL

IJ HE OueHWBATE NPOYHOCTDE TEIDLIEBDI'J 30HBI

[ Duenra npoyHocTH BrIfpaHHoro dparmerTa

[V MempanHeie HaNDAKEHUA N0 CPEAMHHON NOBEPXHOCTH
[V Cratuueckas v uMknMyeckan npoyHocTE

[V CeiicmonpoyHocts

[V HanpaikeHua no 4acToTam (Waram UHTErpUpPOBaHIUS
naru

{I’Io CaMoil SHaYHMOR Popme hd

[ Tenepuposate oTuUET 33H0BO

HacTpofika e1aa oTyéra

[ Breon pesynstaros ACTPA-HOBA

Pasmep OpueHTauMa Gyraru
|44 210 % 297 bara) | ; ﬁ::g‘:j:m
Wpsepr Pasmep
|Couliel MNew j |1 2 LI
O6pazeu
AsBbéaPe

Ormena

Jnst BeIOpaHHBIX HOpM NpOYHOCTH BBIBOJSTCS MaKCHMAJIbHBIE pacyeTHbIE
HanpspKeHUs] M JOIyCKaeMble HAmNpsDKEHWs Ul BCEX 3HAYMMBIX JTAllOB pacueTa
(rpynn Hampspkenuit) (Puc. 107) mns BeiOpaHHOrO (parmeHta monenu. B ciydae,
ecli pacu€THBIE HANpPSHKEHUS] TPEBBIMIAIOT JIONYCKaeMble, TO COOTBETCTBYIOIIAS
siyeiika TaOJMIbl 3aKpallMBaeTCs B KpPAcHbId LBET W MOJ TaOJIHLEH BBIBOIUTCS
HpeAynpexIeHue.

I'enepamus oTu€Ta MOXKET 3aHUMATH MPOJAODKUTENBHOE BPEMST OCOOSHHO IS
MHOTOCJIOMHBIX M30TIapaMeTPUIECKUX PACUETHBIX MOJEINEH B cllydae BBIOOpA OLEHKH
ceiicmuueckoil npounoctu. Ilocie mepBoil renepanuu oTu€ra, OH 3alKMCHIBAETCS B
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JBOMYHBIN (aitn pe3yiapTaToB, W €ciaM HACTPOWKM OTY4ETa W BBHIOpPAHHBIM (parMeHT
MOJIETTH HE MEHAINCh, TO IPHU IMOCIEAYIOIEM BbIOOpe MmyHKTa Omuém cpasy xe
nokaspiBaeTca (0e3 reHepaumu). B ciaywae BeiOopa omnmmm [ ewepuposamsv omuém
3aH060 OTYET BCErJa TIEHEPUPYETCS 3aHOBO, NAXE €CIM HACTPOMKUM OT4éTa He
MECHSUIHCH.
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—  Bceeoa cenepuposams omuém 3an060 — IPU HATMYHNH (IIaKKa OTYET BCerza
TeHEpHUpYeTCs 3aHOBO;

—  Vuém TXZ u Tyz na cpedunuoti nosepxnocmu — py HATMIUH (PIIakka mpu
BBIYHCIICHUH HANPSOKEHUH 7151 000JI0UEYHBIX MOJIETIEH YIUTHIBAIOTCS
KOMIIOHEHTBI HANPSKEHHUH Ty, U Ty, HA CPEIMHHON MOBEPXHOCTH;

—  He oyenusamo npounocms mopyesvix 301 — IPU HATUYUH (I1aKKa TIPOTHOCTH
TOPILIEBBIX 30H (30H NMPHIOKEHHS HATPY30K U KHHEMATHYECKUX KPaeBbIX
YCJIOBUI) HE OLIEHUBAETCS;

—  Oyenka npounocmu 8blOpann020 hpazmernma — NpU HATMUUH (I1axkKa
OLIEHUBAETCS IPOYHOCTH TOJBKO BHIOPAHHOTO (hparMeHTa pacy€THON MOJIEIH;

—  Membpannvie Hanpsidcenus no cpeOUHHON NOBEPXHOCMY — TIPU HAJTMYHUU (IIaXkKKa
UCTIONB3YIOTCS TOYKHM MHTETPUPOBAHUS BOJIU3HM CPEANHHOM MTOBEPXHOCTH;

—  Cmamuueckas npounocms — eci (pI1a>kok yCTaHOBIICH, TO OyIET MPOBOANUTHCS
OLIEHKA CTATUYECKON U HUKIMYECKON POYHOCTH;

—  Ceiicmonpounocms — ecid (IIaXKOK YCTAHOBIICH, TO OYAET MPOBOJUTHCS OLICHKA
CTaTUYECKON U LIUKJINYECKOI MPOUYHOCTH;

—  3naku — crioco6 BEIOOpa 3HAKOB KOMIIOHEHT CYMMAapHBIX CEHCMUYIECKIX
HanpspkeHuit (cM. OlieHKa CeCMOMPOYHOCTH).

[Mocne pacuéra HAC u npoynocTr oT4éT nMeeT cnenytonmid Bua (Puc. 107)

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

TEST3_tpoiiHuk_83. OTuér E |E| .

D:\DATA_ASTRANOVA\Examples (srTanon)\EXAMPLES\A3C-
\TEST3\ASTD\TEST3_rporinuuk_83

Ouexka npouHocT no ACTPA-A3C (OHA3® r-7-002-86)

Bung pacug&Ta Max, MIla|Oon, MIa
Sran 1. Tpynna 2 147.14 176.50
Sran 3. Tpynna 3 (pa3Maxu HanpaxeHMH) 14¢.78 407.83
3ran 3. I'pynna 4 (aMOIMTyOE Hanpsxe HUM) 73.35 180.00

CEMCM
Boszgercreme W1 (cnexTp) CTAI+CENCM|
CTAL-CEMCM
CEMCM
CTAL+CEXCM
CTAI-CEMCM

BospencTeEMe B2
(akceneporpamma)

- Pacu&THOe HANPAXSHME NpEBHINAST ZONyCKaeMoe
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Ilocne pacuéra Ha omnpeneleHUE INPEAENIbBHOM Harpy3ku OTY4ET HUMEET

CIEIYIOIHIA BUJ

(Puc. 108)

Puc. 108 IIpumep omuema nocne pacuéma na onpedenerue npederbHOU Hazpy3Ku

Pe3syas TaTHI pacye Ta NpedetbHoH HATPY3EH
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WasAdien diamedey
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02692 04256 0957

02767 03201

0.223

0.17ez
tlakcimaneHaa rnaeHan gedopmagya

0 0.02362

Prxc.1 MeTo g geofiHoro ¥Ip YTore HakIoHa

L e E e T T e

LE T e GRECCEEEEE

0gEd MONITRHLIELIL HOHA LBLHIOHLD EEHT 03sHod]]

03364 0494 05023 0.5853 06632 07512 0.83H 09171

NapameTp Harpysnd

HH MAKC HMYMA CKOPOCTH BOFP ACTAHHA 0THO CHTE MEHO H

Pre. 2 Kpurep

jt naboTEL

IMMACTHYECKO H Dal
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ChopmupoBanHblii 0TYET MOKeT ObITh dKcmopTupoBan B Microsoft Office,
nmokyment PDF, moxymenr HTML. [lns 3Toro Hamo BBIOpAaTh COOTBETCTBYFOLTHMA
IIYHKT B MeHIO Daiin OKHA OTYETA.

@ain Pegaktop Bug OkHo 7

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

CoXEAHNTE Cil+s

CoXpAHATE A, .

NokymeHT PDF...
NokyMeHT HTML...

MeyaTtb... Ctrl+P
MpefEapMTEIEHEIA MROCHMeTD
HacTpoiiKa NpuHTEpa...

1 TEST3_TpoiHWK_B83.ast
2 Astrastdl.ast

Bbixon
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ITapameTpnl H30IMHUAI

IMoxkas [lnanora uist HACTPOMKH TTapameTpoB u3omauumii (Puc. 109).

Puc. 109 Juanoe ona nacmpoiiku napamempos uzonuHui

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

93.95493

OTreHa

®  Yucno yeemoswvix epadayuti — ot 2 110 16.

Ipu Hammuum ¢Qnaxka Aemonacmpoixa ygemog UBETa HHTEPBAJIOB
0TOOpaKaeMoil BETMYHHBI BBIYUCIISIFOTCS aBTOMAaTHYECKHU IO CIIEKTPY (OT HOJIETOBOTO 110
KpacHoro 1Bera). [Ipu oTcyTcTBHHM 3TOTO (hitara, Bel MoXeTe HACTPOUTH [[BETA HHTEPBAJIOB
[0 CBOEMY YCMOTPEHHIO, HaKUMas JICBOM KJIaBHIIEH MBI Ha COOTBETCTBYIOIIEM
uHTepBany uBere. [Ipu 3TOM, Takke, CTAaHOBUTCS AKTUBHON KHONKA A8MOHACMPOUKA
1y6emog, KOTOPasi UCTIOIb3YETCs ISl aBTOHACTPONKH I[BETOB IOJIb30BATEIIEM.

Ipu Hammunu Quara AemosvluucieHue uHmMepeanog MHTEPBaibl HOPMUPYIOTCS
ABTOMATHYECKHU AEIEeHHEM HHTepBaja OT MUHUMAIBHOTO 10 MaKCHMAaJIbHOTO 3HAUCHHUS Ha
3alaHHOE YUCIIO LBETOBBIX rpajauuil. IIpu oTcyrcTBuu sTOro Quara, Bel MoxeTe camu
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Mento Bun

3a1aTb BHYTPEHHHME TI'paHullbl MHTepBanoB. [Ipu 3TOM, Takke, CTAaHOBUTCS AKTHBHOM
KHOIIKa AemoHacmpotixa uHmepeanos, KOTOpask HCIOIb3YeTCs Uil aBTOHACTPONKH
HMHTEPBAJIOB II0JIb30BaTEICM.

Bl Moxere 1o BbIOOpPY BKJIIOYATh WJIM BBIKIIOYATH JUANa30HbI IPU HOMOIIH
(axxkoB, a TaxKe KHONOK Briarouums gce ouanazonvt 1 OmKuiouums 6ce Ouanazonbi.

Jis HacTpOWKM I[BeTa OTKIIOYEHHOTO JAMana3oHa ABAXAbl HAXMHTE JIEBOU
KJIaBMIIEH MBIIIN Ha COOTBETCTBYIOILIEM LIBETE.

Mockga, 2023 117



“CemeiicTBo” porpammusix komiuiekcoB ACTPA-HOBA’2023

118

Hacrpoiika n3o0pakeHust MoeJH. ..

ﬂ

3aKpacka IMUHUTUHHEIH j

NMokaz pebep IBCE péaBipa j

[~ Nokazwieats yanul

[~ NokazbleaTh rpaHKyHLIe YCNoBHA

[~ NokazbleaTh ceA3M K XECTKKE BCTABKK

[~ NokazbleaTh cocpeaoTOYeHHLIE XECTKOCTH
[~ Nokazwieats NCK K3

[~ CpeawnHan noeepxHocTe ana CIKS

[~ Oceean nuuua ana crepxHed

[v NokaswieaT nerengy

[¥ Nokazbieats Hagnuow

OTMeHa |

3akpacka — pa3nuaHbIe CIOCOOBI rpaUIECKOro OTOOPasKeHNS HCXOTHOM
u neopmupoBaHHON pacuetHor KD-momenn. Bo3mo)kHBIE BapHaHTHI:
HEeT 3aKpacKW, MOHOTOHHas 3akpacka M 3akpacka [ypo (yuér
oceménnocty) HaubGonee peanuctuunblil pexxum (3akpacka ['ypo) He
pekoMeHayeTcs Uil BU3yalM3aldM HW30MOJEH MepeMelleHuil u
HaIPSDKEHUH;

Ilokas pébep — mpopucoBka pébep KO. Bo3moxkHBIE BapHaHTHI: HE
IOKa3bIBaTh pEOpa, MOKa3bIBaTh Bce péOpa M MOKa3hIBaTh PEOPA TOIBKO
MEXXIy HEKOMIUIaHapHBIMU rpaHsMu KO;

THokasvieamy y3ae1 - Ha pacueTHON KO-Moaenn oToOpa3uTs y3Ibl B BUIE
TOUEK;

Tlokasvieams 2panuyHble yciosue — CXEMAaTUUECKUH IOKa3 y3JIOB ¢
3aJaHHBIMM KHHEMAaTUUYE€CKUMU YCIIOBHSIMU;

Tlokaszvieame c6a3u u Hcécmrue 843U — CXeMATUIECKUN YIPYTuX cBs3el
1 )KECTKUX BCTABOK MEXIY y3JIaMH;

Toxasvieams cocpedomouennble JHCECMKOCmU — CXEMaTHIECKUH TO0Ka3
COCPEAOTOUYEHHBIX KECTKOCTEH;

Tlokazvieame JICK KO — pucoanue JICK KO B cpenneit Touke KO;
Cepeounnas nosepxnocms ona CIIKO — nipu pucoBannu CIIKD

HCIOJIb3YETCA Cepe):[HHHOﬁ MMOBCPXHOCTD;
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Mento Bun

o Ocesas numus Ona cmepoicHeli — pUcoBaTb creprkHeBble KO B BuIe
OCEBBIX JINHH.

e [lokasvieams ne2eH0y—CKPHITh WU MOKA3aTh JITeHAY (TaOIHIly I[BETOB)
Ha DKpaHe

e [loka3zvieamb HaONUCU—CKPHITH WM NOKa3aTh HAIHMCH Ha SKPaHEe

Hactpoiika Hymepanuu...

Br130B guanora ajis HaCTpOﬁKH HyME€paluu Moaen

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 |

e Hymepoeamb y316l — NOCTaBbTE TAIOYKY HAIPOTHB, YTOOBI Ha pacuyeTHOi KO-
MOJIETIH OTOOPa3UTh HOMEpPA Y3JI0B.

e Hymepayus na snemenmax— 0TOOpaKeHUE HOMEPOB Ha AIIEMEHTaX

- Hem

—  Howmepa anemenmos — oTobpaxkeHre HOMepa 3JIeMEHTa

—  Howmepa mamepuanos — oroOpaxxeHne HOMepa MaTepuana
e Pacnonodcenue Homepos y3106 o CITIKI

—  Ha HUICHEll NOBEPXHOCIU,

—  CPeOuHHOU NOBEPXHOCU

—  6epxHell NOBEPXHOCMU.
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Buzyanuzauus

Hactpotika BapuanToB mokasa pacuétHoit KO momenn

120

* McxoaHaa Moaens
QOCHOBaHWe BuHKNepa
Buayanu3aumns Harpy3oK

MacwTab...

Hcxoonaa moders — oTpucoBka ucxogHod KO mogenu ¢ yuéroMm 1nBeToB
marepuala,

OcHosanueBunknepa — TOKa3 HaIWUuus OcHOBaHMA BuHkiepa Ha rpamsax KO
L[BETOM;

Busyanusayusa nazpy3ok — I0OKa3 Harpy30K I pacu€THOTO (parMeHTa 31eMeHTa
TpyOOIIpoBOZa TpH TOMONIM IBeTa (JaBJICHHWE, TEMIIEpaTypa) W CTPEIOK
(pactipenenéHHbIE TOPLEBBIE HATPY3KH) ;

Macwmab — HacTpoliKka pa3MepoB CTPEJIOK ST OTOOPaXCHUS pacTpeeIEHHBIX
TOPLEBBIX HATPY30K

Buani

Bua X+
Bug X-
Bua Y+
Bua Y-
Bua Z+
Bug, Z-

KO-3 nzomeTprs
KO-B nzoMeTpUs
C-B nzomeTtpus
C-3 naoMeTpus

Br16op cTaHAapTHBIX BUIOB TSI MOJIENN
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Mento Bun

Bupgers Bce

Brmcate m300pakeHne McXoqHOH wim aedopMupoBaHHOH pacueTHOit KO-
MOJIEJIY B TPaHHUIIBI TPaYeCKOro OKHA.

Ocsb BBEpx

Br16op ocu, HanpaBieHHOM BBEpX (0ch X, 0Ch Y, 0Ch Z).
KonupoBaTts usoodpa:xenue B 0ydep
Konuposate nzo0paxenue rpaduueckoro okHa B 0ydep odmena (B T.4. s

HOCJEAYIoUIe BCTaBKU B OTUET).

IlepepucoBarhb

HepepI/ICOBaTB AKTHUBHOC OKHO.
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®parMeHTHl. ..

JlaHHBIM IMyHKT MEHIO NpeaHa3Ha4deH s (parMeHTaluyd MOJEIH (B LEIIX
myqmiero otoopaxenus KO-cetkn).
Bo3MoxHBI crieyromue crocoOs! pparMeHTaIum:
—  BKIIIOUCHHE/OTKIIIOYECHHUE YETBEPTEH MOJIEIH;
—  BKJIIOYCHME/OTKIIOYEHHE II0 HOMepy Marepuana. Hampumep mns
TpoifHMKa QparMeHTanus 1O INTYLEpY, MarucTpaiy, HaKJIaJK{d st
TPOMHHUKA.

parverms [}

W|I 4=TBEpTE
W|IT u=TBEpRTE
W/ III YeTEEpTh
¥ IV UeTBepTh
WMarnMc Tpanb
vIITyIeD
WIHarmanka
WICEADHEES IBH

OTMeHA |

®parmMeHT Mo 00bEMY BUAUMOCTH. ..

Br3oB nmuarnora juia gparmeHtanuu no oosémMy BuaumocTd. [Ipu momomn
“NOJIBYHKOB” YCTaHaBIMBACTCS BHIMMBIH 00BEM. 3HaueHHs o0bEMa 3amaloTcs B
MIPOIICHTaX OT radapuTOB MOJIENIN. DIEMEHTHI COIepIKaIlrecs: B BEIOPaHHOM 00BEMe,
MOTYT Ha3HauaTbCsi B KadecTBE HOBOTrO (QparMeHTa, Jub0 Jo0aBieHbl K
CYIIECTBYIOMIEMY GparMeHTy, TH00 yaaleHbl U3 HETo.
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O6beM BAAMMOCTH il
NeicTene |HaaHaumb HOBLIA pErtEeHT LI

Mo oo

n‘_g\\l\l\l\lwl_lnllllll

Mo ook
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Moaock 2

D‘JI\\\\I\I\II\I\IIIIMDM

Jlyis TOYHOro BBOJA MOJIOXKEHUS “TIONI3YHKA™ HY>KHO Ha)KaTh HA HEM INpaBoi
KJIaBHILIEH MBI U B MOSBUBIIEMCS] OKHE BBECTU 3HaUCHHE.

=
OTMBHal

(I)pal"MeHTbI 0 3JICMCHTaM

[Mepexmouenne ACTPA-CTAZINO B pexuMm ¢parMeHTalMy 10 KOHEYHBIM
anemMeHTaM. @®parmenrauus  (MckirodueHHe  BbIOpaHHBIX KD  m3  mokasa)
OCYULIECTBJIICTCSL NYTEM HaXKaTHs JIEBOM KIJIABULIEH MBIIIM HA KOHEYHOM 3JIEMEHTE
WIN “pe3UHOBBIM” KOHTYPOM.

®parmMeHThl 10 MaTepUaIaM

Iepexmouenne ACTPA-CTAAMO B pexumM pparMeHTally [0 MaTeprUaIaM
anemeHTaM.  @parmeHraums  (MckimrodeHne  BbIOpaHHBIX KO w3 mokasa)
OCYIIECTBIISIETCS, IMyTEM Ha)KaThs JICBOW KJIABUIIEH MBIIIM Ha KOHEYHOM 3JIEMEHTE
i “pe3nHoBBIM” KOHTYpoM. Ilpu 3ToM Bce K3, marepuan KOTOpBIX COBHNAAAET C
MaTepHuajgoM BeIOpaHHBIX KD, HCKMoUaroTes U3 mpocMoTpa.

IToka3arts Bcé
IToxa3 Bcex K3.
CkpbITh Beé
CkpriTs Bce KO
HNnBeprupoBaTth pparment

Craenath Bce BunuMbie KO HEBUIUMBIME, U HA000POT.
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Menro OxHo

HoBOe okHO

Kackan

OeniTh ropaoHTANBHE
DeniTe BEPTIKANBHD
YMOPAAOYATE HKGHE

v 1TRMS3.ast:1
2 TRMNE3 asti2

Kackan
Pacnonoxuth OTKPHIThIE OKHA KACKAIOM.
JeuTh rOpU30HTAJILHO

Pacnonoxute OTKPHITHIE OKHA, PA3ICIUB TOPU3OHTAIBHO

JeauTsh BepTUKAIBHO
PacnonoXuTe OTKPHITEIE OKHA, pa3eiiB BEPTUKAIHHO

Ynopsiio4uTh HKOHBI
YHopsIo9uTh OKHA, CBEPHYTHIC B MIKOHKA

Oxno 1,2 ...

[epetiTi B BEIOpaHHOE OKHO
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“CemeiicTBo” nporpamMmmubix komiiekcoB ACTPA-HOBA’2023

Memnro Ilomom b

CopaBka

Br13oB pa3aciioB CIipaBKU.

O nporpamme

[IpocMoTp nudpopmanum o TeKylIei BEpCHH NPOTPaMMEL.

il

u ACTRPA-CTAOMO™ - noocKcTeMa YToYHEHHOrD pacYeTa

HEMPAKEHHOTD COCTOAHKA W NPOYHOCTH TUAOBLX 3MNEMEHTOE
TRYEONPOECO0E NPKW AEHCTEMK NONHOHA CHCTEME
KEESHMCTATHYECKHY HAErpYSoK

Mporpamma paspacotada e HKL CradwO 2005-2021 rr.
Bepcus nporpammer: 202105-p1
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Teopernyeckoe onucanue

HopmaTuBHasi OLleHKa YIIPYTHX HANIPSIKeHU I

Jlns BceX OINMHUCAHHBIX JETalel-3JICMEHTOB TPYOOIPOBOMOB pPEAU30BaHO
BBIUKCIIEHUE TJIABHBIX W JKBHBAJEHTHBIX HampspkeHuit (mo Mwusecy u Tpecka) B
TOYKAaX WHTETPUPOBAHUSI.

B ACTPA-CTAIMO peanu3oBaHa OILEHKA CTaTHYECKOH, IHUKIUYECKOW U
CeHCMUYECKON MPOYHOCTH MAJSl BCEX 3HAUMMBIX JTAllOB PacueToB IO Pa3IMYHBIM
poccuiickum. Hopmam:

e [IHADI'-7-002-86,
e PJ110-249-98

e PTM 38.001-94

e TOCT 32388-2013

e PJ110-400-01

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

OKeusanenmusle HanpAa)ceHusn

J171st OLIeHKH pacH4ETHBIX HANPSHKEHUH B 3aBUCHMOCTH OT HOPMaTHBHBIX
TpeboBaHuUil NCTIONB3yeTCs 2 KPUTEPHS

Hanpsxenus Tpecka
oy = max(|oz — 01l oy — 04|, |o3 — 031]), THE
01, 03,03 — TTIaBHbBIE HANPSDHKCHUS

Hampsokenus Museca

Omi = \[%(ax - ay)z + %(O'y - JZ)Z + %(O‘x —0,)% + 3(1,%), + 12, + 132,2)
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MeH10 OKHO

TJIE Oy, Oy, Oz, Txy) Txz) Tyz — KOMIIOHEHTHI HATIPSKEHUM
IIpuBeneHHbIe HAIPSAKEHUS] HA CPEAUHHON TOBEPXHOCTH

I ob6omoueunoit CIIKD-monenu pans  ompeneieHHs HANpsDKCHWA Ha
CPEMHHOM NOBEPXHOCTH OEpETCsI MOITyCyMMa KOMIIOHEHT HaNpPsDKEHUH B “HYDKHEN” U
“BepxXHEHW” TOoYKax HHTErpupoBaHMs o TommuHe. Ilpu 3TOM mpm onpeneneHun
TJIaBHBIX HANPSOKEHUH OMNIIMOHHO MOTYT HCIOJb30BaThCSl 3HAYEHUS KacaTelIbHbIX
HATPSKEHUH HA CPEIMHHOM MOBEPXHOCTH Ty, U Ty

B ciydae MHOTOCIOWHONH TpPEXMEpHOW MOZIETMH BO3MOXHBI 2 CHTyalul —
yémmnoe U Heuémuoe KoImdecTBo citoéB KD mo Tommuue.

Ilpu uémnom xommyecTBe CIOEB HUCHOJB3YIOTCS  “BEpXHHE”  TOUKH
UHTErpUpOBaHMUA BHyTpeHHero ciost KO u “HuKHHE” TOYKM HHTETPUPOBAHUS IS
BHEIIIHETO CJIOS.

i neuémnoco KomuUeCTBa CIOEB U 2-X TOUEK MHTEIPUPOBAHUSA 110 TOJIIIMHE
3HA4YeHUs KOMIIOHEHT HaNpsKeHUI Ha CpeIUHHON MOBEPXHOCTH BBIUMCIAIOTCS Kak
MOJyCyMMa COOTBETCTBYIOUIMX KOMIIOHEHT Ha HIKHEH M BEpXHHX MOBEPXHOCTSIX. B
ciydae 3-X TOYEK MHTETPUPOBAaHHUS 10 TOJIIMHE MCIONB3YIOTCS 3HA4YEHUS B
“cpennux” mo tonmuHe KO Toukax MHTErpUpOBaHUSL.

B cirydae, koraa CroXHO BBIIEIHUTh CPEIHMHHYIO TIOBEPXHOCTD, HAIIPUMEpP IPH
MOJICTIMPOBAaHNHN CBAPHBIX COCIMHEHHH TpyO, OepyTcsl 3Ha4YeHMS BO BCEX TOYKAX
MHTETPUPOBAHUS MO TOJIIMHE (3aBEIOMO XYIIIMH CIydai), IIpU 3TOM B OTYETE
BBIBOJIUTCS] COOTBETCTBYIOIIEE TIPETYIIPEKICHHUE.

OueHKa MPOYHOCTH N0 rpynnaM Hanpsikenuii mo [THAD T'-7-002-86

O11eHKa IPOYHOCTH 110 rpyime 2 (cTaTuuecKast MPOYHOCTD)
IIpuHnmaercs, 9TO MeCTHble MeMOpaHHBIE W OOL[Me M3THOHBIE CTAaTHYECKHE
Hanpsokenust (rpymma 2, (0),, ITHAD I'-7-002-86) cOOTBETCTBYIOT HAMPSIKCHUSIM Ha
CPEAIMHHOW TOBEPXHOCTH OT Harpyxaromux (akTopoB 3Tama 1 pacdera Ha
CTaTHYECKYIO TPOYHOCTb.

Or1eHKa IPOYHOCTH 10 rpyniie 3 (IPUCTIOCOOIIAEMOCTb)

[IpuHUMaETCs, YTO pasMax¥ NPHBEACHHBIX Hanpsokenui (rpymma 3, (0)gk,
I[MHAD T-7-002-86) cOOTBETCTBYIOT HANPSDKEHHSAM HA CPEAMHHON MOBEPXHOCTH OT
Harpyxaromux (HakTopoB 3Tama 3 pacdyera Ha CTATHYCCKYI0 M IIMKIHYECKYIO
MPOYHOCTb.

O1eHKa TPOYHOCTH 110 rpynne 4 (MUKINYECKasi IPOYHOCTE)

IIpunumaercs, YTO aMIUIMTYa MECTHBIX  HANpsKEHUH ¢ y4€ToM
koHuenrpaiuu (rpymmna 4, (o,r)g, ITHAD T'-7-002-86) COOTBETCTBYIOT IMOJOBHHE
MaKCUMAaJIbHOTO IPHBEICHHOTO HampshkeHus mo TtoimmuHe KD 0T Harpyxkarommx
(hakTOpoB 3Tama 3 pacyera Ha CTATHYECKYIO U IIUTEIBHYIO IIUKINYECKYIO MPOYHOCTE.
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Ounenka ceiicMONIPOYHOCTH

Jnst oueHKHM CEeMCMONpPOYHOCTH IO JIMHEWHO-CIEKTPAJBbHOW METOIUKE
UCTIONB3YETCS CyMMHPOBAaHHE MOJAIBHBIX OTKIMKOB “KOPEHb KBAJPAaTHBIH U3 CyMMBI
kBaapatoB” (KKCK) 6e3 yuera xoppensimu hopm

N mod

SR

R - cymmapheii ceiicMuueckuii OTKIMK (TEpEMENIEHUs, HArpy3Kd, yCWIUS U
HaTMpsKEHUS) CUCTEMB,

Ry - MomanpHbIi oTKIHK, COOTBETCTBYIOIIHI K-0#f coGcTBeHHOM hopme KoebaHui,

N mod - komuuecTBO yuuThIBAEMBIX (POPM KOIEOaHMiA.

IpaBuno cymmupoBanust mo ¢opmam KKCK mnpumensercs mis Kaxmnoit
KOMIIOHEHTBI TEH30pa CEHCMHYECKHUX HaIPSDKCHUM Ha CPEIMHHOM IIOBEPXHOCTH.
Ilocne »aTOrO OIpEneNsAlOTCS SKBUBAJCHTHBIE (IPUBEACHHBIC) CeHCMHUYECKHEe
HanpsDKEHUs 1o Kpureputo Tpecka i Mmuszeca B 3aBHCHMOCTH OT HCIHOJIBb3YEMBIX
HOPM pacueTa.

T .
{67} = {af, af, a,?, ‘r,zcy, sz, TJZ,Z} — HaKOIUICHHBIE CEHCMOHATIPSDKCHIS

oF = [Simei(apt, of = [Simei(o3)’, of = [¥lmet(op?

N N. N. 2
Txy > mOd(Txy sz = Z de(sz)2 Tyz = Z mod )

T
{6% ={02,00,02,72,,1%,79,} - crarnueckue Hanpsuxenus

Jig BBIUMCIIEHUS PACYETHBIX HANPSDHKEHUM TPYIIbI (O'S) OT CYMMAapHOI0

2
BKJIaJa CTaTHUKH M CEHCMUKHM paccMaTpUBAacTCs 1Ba CIlydas: CMamuka + ceticMuxka ¥
cmamuka — celicMuka. B TiepBOM cilydae K KOMIIOHEHTaM HANpsDKCHWH CTaTHKA
NpUOABIIAIOTCS KOMIIOHEHTHl HANPSDKEHWH CEHCMUKHM (TIOJydeHHBIE MO TIPAaBHILY
KKCK), Bo BTOpOM ciTydae — BEIYUTAIOTCSI.

-3 _ (0 5 0 T 0 T .0 .0 T .0
{c7}= {ox — 0y, 0y — 05,0, — 03, Txy — Titys Tz — Tizs Tyz — ‘L'yz}

+1 0 X 0 z 0 z 0 x 0 z 0
{o*Y={0 + 0}, o) +0r,00 + 0, 10 + 15y, T + 1oy, TV, +ryz}

I[aﬂee OIIPEACIAIOTCA SKBUBAJICHTHBIC HAIIPAKCHUA U BBI6I/IpaCTC${ Hanxy[mmﬁ
BapUaHT.

3HaKK KOMIIOHEHT CYMMApHbIX CeHCMHYECKHX HaHpSI)KCHI/Iﬁ OIIINKMOHHO
BI)I6I/IpaIOTC$I R195(00) BCCraa IOJOXKHUTCIbHBIMU, 1160 COBIIAZAOT CO 3HaKaMH
KOMITIOHCHT HaHpH)KGHI/Iﬁ Io q)OpMC C HauOOJbIIUM BKJIaJOM B CYMMAapHBIC
CCﬁCMOHaHpﬂ)KeHI/ISI.

128 HUILL CtaluO



MeH10 OKHO

OHHI/IOHHO JAOCTYINCH TAaKXKC BapHUaHT NOUCKaA xy;[mei/i KOM6I/IHaIII/II/I 3HAKOB.

(0"} ={o? 2 of, ol £ oF,0f £ oF, 18 £, Tl £ 1h T £ T )

Jns KaxIoW TOYKM HMHTETPUPOBAHUS IPOUCXOIHUT Iepedop 2° = 64
KOM6PIHaIIPIPI 3HaKoOB, 3aTCM OIIpEACIACTCA MaKCHMaJIbHOC O9KBHBAJICHTHOC
HaNpsDKeHNE W BRIOMpaeTCs HANXy NN BapHAHT.

st oneHKH CceMcMONpPOYHOCTM B Cllydyae 3aJaHusl BO3ACUCTBUS B BUIE
aKCeeporpaMMBbl, PACCUUTHIBAIOTCS 3HAYCHHS CMAmuka + celicMuka M CMAamuxa —
celicMuKa, TIe CeHCMUYECKIe KOMITOHEHTHI HANIPSDKCHUH OepyTes A KaKI0H TOYKH
WHTETPUPOBAHMUA [0 BPEMEHH. BBIYHCIAIOTCS HSKBHUBAJICHTHBIC HAIMPSDKCHHUS VIS
Ka)XJ0r0 MOMEHTa BPEMEHHU M BBHIOMpAETCS MaKCHMalbHOE 3HaueHUE 3a BCE BpeMs
MHTETPUPOBAHUA.

TpéxmMepHble ynpyromiacTudeckue pacuérbl 3J1eMeHTOB
TpyOompoBoaa

Buns! ynpyromnactuueckoro K9-ananusa:
e pacuer HJC ¢ yuérom mractudeckux aedopmariiii,

e pacuer HIC ¢ yu€rom aBTOQpeTHpoBaHus,
e  OIpejeNeHHe NpeNeabHON Harpy3KH M0 KPUTEPHIM CTaTHIECKON IIPOYHOCTH.

VYrpyronnacTH4eckue pacuéThl pearu30BaHbl AUl CISIYIOIMX BUIOB IeTalei:
e [Ipsmas TpyOa.

e  TpoliHuK.
e OrtBOg.

e CaapHoe coeauHeHHe TpyO (CBapHOIi MIOB).

B 3aBHCHMOCTH OT BBIOPaHHOTO BHJAa HArpy30K HCIOIB3YIOTCS CIEAYIOUINE MOICITH
JeTaleHn.
e  ®parmeHT aetanu (Ui TaBICHHUS).

e [lonnast Mmonens nerany (st MPOU3BOJILHOM HArpy3KH).
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TpexmepHblii ynpyronjiactuueckuii pacuér MKD npsimoii TpyobI

B kauecTBe Harpy3ok HCIOJNB3YIOTCS BHYTpPEHHEE IaBJICHHE M KOMIICHCHPYIOIIUE
OCEBBIC CHJIBI HA TOPLAX

B cuny CcUMMETpUYHOCTHM HAarpy3kKd B KaueCTBE PpACUETHOH MOJENH
paccMaTtpuBaeTcs YeTBEPTh TPYOHI (
Puc. 110) Ha y3mel, Jexampe B IUIOCKOCTSAX CHMMETPHH, HAKJIaJBIBAIOTCS
clieyIole KMHeMaTHuecKue IpaHuuHble YCIoBus: Ha miockoctd X = 0 ycnosue U,
=0, na mnockoctu Y = 0 ycnosue Uy = 0, na mnockoctu Z = 0 ycnosue U, = 0.

Puc. 110 Pacuémmnas mooenv mpyool. I panuunbvle yciosus u Hazpy3Kka
(20 MIla — enympennee dasnenue, -100,2 MIla — mopyesoe pacmsaeusarowee
Hanpsicetue)

MIla

zo. 00 [
-110.2 [l
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TpexmepHbIii ynpyromiactuueckuii pacuétr MKJ orBoaa

Bune! Harpy3ok:
e BHyTpeHHEe HaBIeHHE U KOMIIEHCHPYIOIIHE OCEBBIE CHIIBI HA TOPLIAX OTBOAA.

e [IponsBonbHas Harpy3ka (BHyTpPEHHEE JaBICHUE, TOPLEBBIE CHIIBI U
MOMEHTBHI).

B 3aBUCHMOCTH OT BBIOPaHHOTO BHJAa HArPy30K UCIONB3YIOTCS CICAYIOIINE MOJCITH
0TBOJA
e  UerBepTb 0TBOJA (IS IaBICHUS).

e [losnnas Mozens 0TBOAA (IS MPOU3BOJILHON HATPY3KH).

Yemeepmov omeoda

Ha y3up1, pacnionoxernssie Ha miockocTsaXx X = 0 u Z = 0, HaJIOKeHBI YCIOBHS
IJIOCKOCTHOM CHMMETpPHUH — Ha INIOCKOCTH Z = 0 HaJIO)KEHO KMHEMAaTHYECKOE YCIOBHS
Uz = 0, ma miockoctu X = 0 3ampemnieHo nepeMenienue mo ocu X.

Jnst orpaHMYeHHS IePEMEIICHUS OTBOAA IO OCH Y BO3MOXKHO 2 BapHaHTa:

e Ha y3el I[OCpeIuHE CBOOOJHOIO TOpIAa OTBOJA HAa BHYTpEHHEH

noBepxHocTH HanoxeHo ycimosue Uy=0 (cm. Puc. 111),

e Ha cBOOOJHBIN TOpell OTBOJAA HaKJIaJbIBaeTCs OCHOBaHHE BuHKiepa mo
TpéM  HampaBneHuwsiM  X,Y,Z. 3HadeHue kécTkocTedl  Buukiepa

EF
oraucnsieres  Kak - Ky, =Cjp ———,
L+;Ra
3aj1aBaeMblii 10JIb30BaTeseM, L — minHa npsiMoit yactu oTBOIa, R —paauyc
OTBOJA, & - YrOJI PACKPBITHA OTBOJA (B pajraHax)

rne  Cyin-k03¢dduIlieHT,

Puc. 111 Pacuémnas moodenvp omgooa (yvemsepmy). I panuunvie yCiosus u Hazpyska
(1 MIla — enympennee oaenenue, Cunue TUHUU — MOPYesoe pacmscusaroujee
Hanpsicenue)
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MIla

1.000 [

y

e,

oL
TSR
S
IR
\s\\\\ o

Tonnas modenv omeooa

BapuanTs! 3akpenneHus
e KoHconpHasg cxema 3aKperieHusl.
e  OcHoBaHue Bunxiepa Ha Toprax.

Kouconvuas cxema

IIpn KOHCONBHOHM CcXeMe 3aKpeIuleHHs OAWH M3 TOPLOB OTBOAA JKECTKO
3aKperuIieTcss 1Mo TPEM HalpaBICHUSIM IIPH IIOMOIIM KWHEMaTHYECKUX TPaHHMYHBIX
ycnoBuid. TopueBas pacnpenesi€éHHas Harpy3Ka NPUKJIAABIBACTCS K HE3aKPEIIEHHOMY
TOpILy OTBOJIA.

OcHnosanue Bunknepa na mopyax

B TakoM BapuaHTe 3aKpEIUICHUS] TOPLEBbIE HArpy3KH NPHUKIAABIBAIOTCS K
oboum TOpuAaM o0TBOjA. IIOCKONBKY OTCYTCTBYIOT KHHEMATHUECKHE TpaHUYHbIC
YCIIOBUSI, MaTpUIa CHCTEMBl CTAHOBHTCS IUIOXO OOycioBJICHHOW. JIisl yBennmueHus
yucia  OOYCJIOBIEHHOCTM ~ MaTpUIBl  Ha  TOPLBI  OTBOJA  HAKJIAJbIBAIOTCS
JIOTIOJTHUTENbHBIE HE JKECTKHE 3aKperyIeHUs B BHJE PAaCHpPEAEIEHHBIX KECTKOCTEH
(ocHoBanust Bunkiiepa) Ha 000MX TOpIAX 0TBOJA

Puc. 112 Pacuémnuas noanas mooeib omeooa (vemsepms). I panuunvie yciosus u
HazpysKa
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MIla OCHOEAHME BHHEI&DA

1.000 - TopleBad MPaHe 3 -

TopluebBad IpaHb 2
Her

=Y

TpexmepHblii ynpyromiactudeckuii pacuér MK Tpoiinnka

Bunel Harpysok:
e BuyTpeHHee aBlieHHE U KOMIIEHCUPYIOIINE OCEBbIE CUJIBI Ha TOPIaxX
MarucTpajiy u LTyLepa.

e [IpousBoibHas HArpy3Ka (BHYTPEHHEE JAaBICHUE, TOPLEBBIC CUITBI U
MOMEHTHI).

B 3aBucHMMOCTH OT BBIOPAaHHOTO BHZA HAarpy30K HMCIHOJB3YIOTCS CIIEIYIONIHE MOJEIH
TPOMHUKA:
e UYerBepTh TpoiHUKA (IS AABICHUS).

e [losHas Mozeb TpOMHMKA (7151 MPON3BOJIIEHON HATPY3KH.

Yemeepmob mpouiHuKa

Ha y3me1, pacnosnoxennsie Ha TwiockocTsx X = 0 u Z = 0, HamoXeHBI
YCJIOBUSI IUIOCKOCTHOW CUMMETPHHU — Ha IJIOCKOCTH Z = 0 HAJIOKEHO KMHEMaTHYeCKOe
yeaosust Uz = 0, Ha mnockoctn X = 0 3ampemieHo nepemenienue no ocu X. Jlms
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OTPaHMYCHUS TCPEMCINCHUS TPOWHUKA MO OCH Y Ha Yy3el MOCPEAWHE TOpIa
MAarucTpajIy Ha BHYTPEHHEH MOBepXHOCTH HanoxeHo ycmosue Uy = 0 (cm.Puc. 113).

Puc. 113 Pacuémnas moodens mpotinuxa (vemeepms)

Fivi
frri7r
LWAY

i

Tlonnas mooenvb mpotiHuKk08020 coeOUHeHUs.

BapuanTs! 3axkpennenust:
e KoHconbHas cxema 3aKpeIuieHusl.
e 3ajenka co CBOOOIHBIM paJraIbHBIM HAIPaBICHUEM.
e  OcHoBaHue Bunkiepa Ha Toprax.
¢  CocpenoroueHHbIe KECTKOCTH Ha TOpLAX.

Konconvnas cxema
IIpu KOHCOJBHON CXEM€E 3aKpEIUIEHHs OJUH U3 TOPLOB MarucTpaiu XKECTKO
3aKpeIUIseTCsl 10 TPEM HANpaBICHUSAM IPU IOMOIIM KUHEMaTH4YECKUX I'PaHUYHBIX

ycnoBuil. Topuesast pacripeiesi€HHas HArpy3Ka MPUKIIAIbIBa€TCS K HE3aKPEIJIEHHOMY
TOpILy IITyIIepa U CBOOOTHOMY TOPITY MaruCTPajy.
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3adenka co c60600HbIM paduanbHbLIM HANPAGIEHUEM

[Ipn Takoil cxeme 3aKpemIeHNs] OAWH M3 TOPLOB MAaruCTPalIn 3aKpeIuIsieTcs
1o ocu Z TpH TOMOIIY KMHEMATHYECKHX I'pDaHWYHBIX ycinoBuil. Ha ToMm xe Topue
3agaéTcd OCHOBaHME BuHKIEepa ¢ XECTKOCTBIO IO KacaTEIbHOMY HAalpaBICHUIO.
TopueBas pacnpenenéHHas Harpy3ka HMPUKIAAbIBACTCS K HE3aKPEIUIEHHOMY TOPILY
IITyIiepa U CBOOOJHOMY TOPILY MarucTpaH.

Ocnosanue Bunxnepa na mopyax (Cocpedomouennwie Jdcécmkocmu Ha mopyax)

B Ttakux BapuaHTax 3aKpeIICeHHs TOPILEBbIC HArpy3KU MPUKIAJBIBAIOTCS K
obouM TOpLaM MarucTpajd | TOply IuTyuepa. I[loCKOJNBKY OTCYTCTBYIOT
KMHEMAaTHYECKHE TPAHUYHBIC YCIOBHSA, MAaTPHIA CHCTEMBI CTAaHOBHTCS IUIOXO
o0ycnoBneHHOH. JInsl yBenwdeHMs 4uciaa OOYCIOBICHHOCTH MAaTpUIBI HA TOPIIBI
TPOWHHUKA HAKJIAABIBAIOTCA JOTOJHHUTENbHBIE HE MXECTKHE 3aKPEIUICHHS B BHIE
COCPEIOTOUCHHBIX WJIM paclpelenéHHbIX JKEcTKocTeil (ocHoBaHms BuHkiepa) Ha
000X TOpIIax MarucTpasiM

BapuaHTbl NIpHI0KeHUsI HATPY30K:
e be3 yuéra IONEPEUHBIX CUIL.
e  C yu€TOM NONEPEYHBIX CHII.

B BHy ManocTu BKIIaga MOMEPEUHBIX CHJI B HAMPSDKEHHO AehOpMUPOBAHHOE
COCTOSIHUE BO3MOXKEH OTKa3 OT YydeTa IONEpPEeYHbIX cuil no onuuu bez yuéma
NONnepeuHblX CUil.

B cnyyae yuéra momepeuHbIX CHJI Ha TOPLbl TPOMHUKA JOMNOJHUTEIBHO
MPUKJIAJBIBAIOTCS TIONEPEYHBIE CHUJIBI M COOTBETCTBYIOIIME KOMIIEHCHPYIOLIUE
MOMEHTBHI U3-3a IEPEHOCA MONIEPEYHBIX CHJI HA TOPIIBI.
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Puc. 114 [lonnas pacuémuasn modens mpoiinuka. Pacnpedenénuas nazpysxa

(MOMeHmbl 8 wimyyepe u Ma2ucmpaiu)

A

1
i

7
07

Yis
it

e

b
5@\,

Ocnosanusa Bunknepa na mopyax

Konconvuas cxema

OO0mMe KOHEYHODJIEMEHThIE MOIX0AbI

OcHoBHbIe cooTHOmIenusst MKD

HCHOJ’IBSYIOTCS[ CJICAYyomne TCPMUHBI U 0003HaYCHUS

U CUCTEME KOOpIUHAT X, Y, Z,

i OaIbHON

- BEKTOp IIEPEMELICHUI B 10

{0} ={av a0y, 9,}"

CUCTEME

B

i

nedopmanu

BEKTOP KOMIIOHEHT

sz}Tf

{e} = {en Eyr €20 Yxyr Vxzs

KOOpJAWHAT X, Y, Z;

CHUCTEME

BCKTOP KOMIIOHCHT HAIIPsSOKCHUU B

Tyz}T

{o} = {0y, 0y, 02, Txy) Tz

KOOpJUHAT X, Y, Z,

I[C(l)OpMaL[I/II/I B TOYKE CBA3aHbI C IEPEMECIICHUAMU COOTHOILICHUEM Kommm

[L]{q}

{e}

1 MaTpUYHBIN oriepaTop

rae [L] — nuddepennmaasHb
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d
o 0 3 az
[L]" =] 0 9 0 9 0 9
dy 0x 0z
d ad ad
0 2z ° o 3y

HanmeeHI/m CBsI3aHbI C [[e(l)OpMaHI/IHMI/I cootHomenueM Ko

{0} = [D]{e}
rae [D] — maTtpuna ynpyrux nocTosHHBIX

IMepememnieHnst B KaXI0H TOUKE KOHEYHOTO JJIEMEHTA OIPEICISIIOTCS depes
y3I0BBIC TepeMelteHust npu nomoru ¢yukima popmer N; = N;(¢,n,{) uwiu N; =
N;(Lq, Ly, L3, {) cienytomum ob6pazom

N
{q} = Z Ni{q:}

rae {q;}- BEKTOp Yy3/OBBIX MepeMenieHuil i-ro y3ma, &,7,{ — KpPHUBOJMHEHHbIH
KoopauHathl, Ly,L,,Ls-Harypanbheie koopauHatsl (Li+L,+1L3=1)

Ax;
{a:} = {qyi}
qzi

Takum obpazom:

{€} = Xe[L] Ni{q;} mm

(&)= ) [Bil{ad

rae [B;] = [L]N;- matpuna nedopmanuii i-ro y3ia
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WJIM B MaTPUYHOU popme

q1
ey =81 %

qn

rae [B]- marpuna nedopmaunii, [B] = [[B;][B,]... [B,]]- Marpuua nedopmauuii [B]
coctouT u3 N 670K0B (N — KoIIIecTBO y3710B KJ)

MKD pist 3a1a4 JUHEHHON CTATHKH

Jns 3amad  JIMHEHHOHM CTAaTUKKM OIPENEIIOINEld CUCTEMOW JIMHEMHBIX
anreOpandeckux ypasHeHuit (CJIAY) Oynert:

[K]{u} = {F) )
rue:
[K] = ) lke]
e=1
a1
w=1%
AN

[K] — rnobanpHas MaTpuiia )ecTkocTu pasmepaoctoio N X N;
{u} — BekTOp Y3TI0OBBIX MTEPEMEIICHHI;

L — oO1iee KoIM4eCTBO KOHEUHBIX 3JIEMEHTOB aHCaMOJIs;

N— o0111ee KOJIMUeCTBO CTENneHei cBOOOIbI aHCaMOIS

[ke] —MaTpwHIta skecTKOCTH 3eMEHTa,;

{F} — BexTOp y3510BOI HATrPYy3KU;

Martpwuiia xkECTKOCTH 3JIeMEHTa [K| OTpenensercs caeIyomuM oopa3oM

kel = [[[ 1817 p1B1av
14
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CeMeiicTBO MPOCTPAHCTBEHHBIX 000104€YHBIX, IJIACTUHYATBIX U
MemOpaHHbIx KO cynepnmapamerpuueckoro Tuna (CIIKJ)

Jns  anmpokcuManuu 00OJOYEHYHBIX IOJACHUCTEM MAalOd H  CpemHel
TOJIIIUHBI, TIOCTOSIHHON WM MepeMeHHOH, Hamboaee 3PGEeKTHBHE 000I0YCUHEIC
K3 cymepnapamerpudeckoro tuma (CIIKD) [loxe mepememennii BayTpun CIIKI
mo ocsiMm X, Y, Z — U, V, W COOTBETCTBEHHO, — OJHO3HAYHO OMpEAeIIeTCI
AQHAJIOTMYHBIMHA KOMIIOHEHTaMH Y3JIOBBIX IepeMelneHuit (Ui, Vi, Wi ¥ JIBYMS yIJaMu
nosopota (a;, f3) y3moBoro Bektopa HopMamu Z’ = {V3} OTHOCHTENBHO IBYX
B3aMMHO NEPIEHANKYISIPHBIX K HEMY HalpaBJIeHUH Y U X

( {9} (Ui
| v |

et |-l

k{Q}NPL) kﬁlJ

rae: marpuna ¢popmbr [N] umeet Bua [N] = [[N4] ... [NnpL]]-

1.0 0 | 0:5(hi(?1i)x | —0:55hi(122i)x
[N]J=N/|10 1 0 | 05(h;(Vi)y, | —0,5¢h;(V3),
0 0 1 | 05{h(Viy), | —050h;(V3),

(V1i) — IpoeKIMK eINHUIHOTO BEKTOPA, 0 HAMPABJICHHUIO COBMAIAIOIIETO C
X’uwaocu X, Y, Z;

(V) — 1o xe mst Y/, ¢ — koopaunara mo tonmube § € [-1,1] — Tommuna
CIIK? 1o i-0ii HOpMaJIH.

st Beramcnienus kodddunueHToB MaTpuisl [B'], cBa3bIBaromieil y3i1oBsie
nepememenns {g°} ¢ xkommoHeHtamu jedopmanus {£’} B JOKaJIbHOW CHCTEME
koopauHat X/, Y/, Z”.

NpUMEHSIETCsI MPOoLieAypa, ONMUcaHHas B [26].

B ACTPA-CTAAMO ucnonesyrores 2 tuna CIIKI (Puc. 115):

e CIIKJ28 - oO0omoueuHblli YETHIPEXYTONBHBIM 8-Mu  y3moBoit KO ¢
POMEXKYTOYHBIME y3JIaMH CyIeprnapaMerpuieckoro cemeiicta (Puc. 115,
a);
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e CIIKD6 — oOono4yeyHblii YeTHIpEXYroybHbI 8-Mu  y3moBo KO ¢
MPOMEKYTOYHBIME y3JIaMH CyleprapaMeTpuueckoro cemeiictsa (Puc. 115,
6);

Puc. 115 Jlokanvnasa nymepayus yzioe CIIKO

@ynryuu gopmol Ni onss CIIKI8

N{z%(1+f)(1+n)(f+n—1) N2’=%(1—€)(1+n)(n—f—1)
N3’=_Tl(1—f)(1—n)(f+n+1) N4=%(1+€)(1—n)(¢’—77—1)
N. =%(1—€2)(1+n) Ng =%(1—n2)(1—f)
N} =%(1—EZ)(1—n) Ng =%(1—n2)(1+€)

@ynryuu gopmol Ni onsi CIIKI6

N1’ =L,2L; — 1); Nzl =L,(2L, — 1); Né =L3(2L; — 1)
N, = 4L,L,; Ng =4L,Ls; N, = 4L;L,

rzie BBeeHO o0o3HaueHue Ly = l-Ll-L2

Marpuua ynpyrux noctossHHbIx [D'] st msorponusix CIIKD crpoures Ha
OCHOBeE TpEXMepHOTro 3akoHa [ 'yka B npesnonoxenun o; = 0.
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r F Ev 0 0'
1—v2 1-—v2
E 0 O
1 —v2
[D'] = G 0 0
G 0
CHMM. X
G
| I7d

rae: E — monyne ympyroctu, V — xo3d¢unuent Ilyaccona, G — momynp
caura, K = 1,2 — xosddumuent “bopmspl”, ymydmamIAi anmpoKCHMaIHIO
caBUroBbIx aedopmanuii no Tomuune CIIKI.

J1n1st BechbMa TOHKOCTEHHBIX IIJIACTHH M 000JIOUEK C eI yIyqLIeHUs
00yCI0BICHHOCTH MaTpHUIlbl xKEcTKOoCcTU [K'] MpoBOANTCSI KOPPEKITHS CABUTOBBIX
k03¢ ¢unuentos mMarpuiisl [D']:

G

*1 *G *1
Dy =8 E;DSS ZE;

KOPPEKTUPYIOLINI MHOXUTENb F* nmpuHUMaeTcs paBubiM [12], [13]:
B* = min{1, (20h/L)?},
rae: h, L — xapakrepubie (cpenuue mo KJ) TonmuHa u pasmep B

miane CITKD.
[MoasiaTerpanpras matpuna [Cly mpuHUMaeT B

Gy 0 0
;=0 ¢, of
0 0 Cp

rae: Ciy, Cy, Cr;, — K02 duiuenT nocTenu BUHKIEPOBCKOTO OCHOBAHUA B
HaIpaBlIeHUH II100aIbHBIX OceH X, Y, Z.

Ipu 3ananuu ko3dduunenros nocrenu, Cey, Cry, Cr;, B MECTHOM cUCTEME
koopaunat matpuna [Cls mpeobpasyercs kK BUIy:

G 0 0
[Cf] = [COS(x’, x)]T 0 ny 0 [COS(XI, x)]
0 0 C,
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BekTop TemnepaTypHbIX (HauanbHBIX) AedopManmii { gy} dopMupyercs B
CIeyIoIeM BUAE:

{89} = {alev a29! Or 0; O}T

rae: @, & — Ko3((UIUEHTH TeMIEepaTypHOTo pacUIMpeHHsl MaTepuasa B

HampaBJIeHUU oceit oproTponuu 1 u 2,
0=0"+067)/2+70Y+67)/2

— Temmeparypa, JIMHEHHO pacmnpeaeineHHas 1o TonmuHe. [lns
M30TPOIHOrO MaTepuaia @, = @, = & B 00ILIeM cilIy4yae OpPTOTPOIIHOTO MaTepHasa
{&d} = [T] {&q}-

Kosdpdummentsr matpuny CHKD Beramcnstorcss nmo dopmynam(3.3) ¢
HCTIONIb30BaHKeM KBaaparyp ['aycca B KpuBOMUHEHHBIX KoopauHatax (& n, § € [-
11 nnsa (0 ; Ly Ly, Ly €[0,1] u § st A):

J
[ = > W15, 501 + (€17 =60)1)
j=1

roe: J = 1,2,.....,J rtoukm wmHTerpupoBaHus, &, 7, (L Lo, L3) —
KpPUBOJNMHEHHBIE KOOPAMHATHL TOYEeK HHTerpupoBaHus, W — BecoBhle
ko3 dunuentsl, £ = 0,5773503 (cm. 3.4).

YcranoBneno [6], [13] uwro mma CIIKD HammydmuMm — sSBISIETCS
paBHOMEpHOE W yMepeHHOoe (Ha 1+2 eaWHUIIbI) MOHMKEHHE TOYHOCTH KBAJpaTyp
IIPU BBIYUCICHUH MaTpHIl (3.3) 1O CpaBHEHHUIO CO CXeMOMH, KoTopas o0ecreynuBaeT
TOYHOE BBIYHCIEHHE oO0BeMa (IJIOIMAagu IOBEPXHOCTH) M BOCIPOHU3BOIUT B
OCHOBHOM XapakTep M3MCHEHHs TOIBIHTEIPAIbHBIX MAaTpHIl B deMeHTe. Vcxomas
U3 TI0JIOKEHHMs, MNOpAAOK uHTerpuposanus mns wmatpun  [m]%, [k, {p}°
pexkomenyercs 6path Ha 142 eAMHUIBI OOJbINE, YeM JUIS JPYTUX MATPHIL.

C uenbi0 3KOHOMHH MAIIMHHOTO BPEMEHU M MAMSITH TPU BBIYUCICHUAX
yuuthiBaercss cummerpuunocts Marpunl  [K]6, [ki]® [m]%, [c]°, nesaBucumocts
ko3¢ durmenta marpui [N], [B’] u ap. ot koopaunatsr £.

CemeiicTBo m3onapamerpuyeckux Tpéxmepubix K9 (MIIKJ) tBépaoro
Tesa

Tpexmepubie uzonapamerpudeckue KJ (MITIKJ) cnenyer ucnonb3oBath
JWIIb TaM, IJIe ajJeKBaTHas anmpokcuMmanus ¢parmeHToB ¢ nomoinsio CITKD
HEBO3MOXKHAa — B MACCHBHBIX Yy3/1aX, TOJCTOCTEHHBIX MHOTOCIONHBIX MOJCUCTEMAX,
30HaX NepecedeH s TOJICTOCTEHHBIX 000JI0YeK.

B ACTPA-CTAJIMO ucnons3ytorcs 4 tuna UKD (Puc. 116)
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HITIK320 — TpexMepHbIi, IeCTUTPaHHBIH YeTHIPEXyToIbHEIN B “muane”, 20-
™M y310BoH KD ¢ mHpOMEXyTOUHBIMH Y3/1aMH, H30MapaMETPHIECKOTO
cemeiictBa (Puc. 116, a);

HUIIKJ16 — TpexMepHBIH, IIECTHTPAaHHBIH YeTHIPEXYTOJBHBIM B “ruraHe”,
JTUHEHHBIH 1o TommuHe 16-y3moBoit KD ¢ mpoMexyTOYHBIMH y3IaMH,
n3olapamerpuyieckoro cemeiictsa Puc. 116, 6);

HUIIK315 — TpexMepHbI, MATUTpaHHBIM TpeyroiabHbIl B “mimane”, 15-
y350Boit KD ¢ nmpomexxyTouHBIMH y3/1aMH, H30T1apaMeTpUIecKOro ceMencTBa
(Puc. 116, B);

MIIK312 — TpexMepHBbIi, IATUTPaHHBINA TPEYTOIbHbIN B “TIIaHe”, TUHEHHBIN
no TomumuHe  12-y3moBo KO ¢ IpOMEXYTOUHBIMH  y3JaMH,
n3omapamerpudeckoro cemeiicraa (Puc. 116, r);

Puc. 116 Jlokanvhas nymepayus y3ioe HITKO

a) HTIIK220 6) UTIK216

) UITKD15 ) UIIK312

Dyuxyuu gpopmur Ni onss HITKI20
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VYrnoBeie y3mel: N; = %(1 +&)A+n)A+ )& +10+ 3 —2)

[TpomexxyTouHbIE y3IIbI Ha pedpax:

& =01 =141,¢ =21 N; =2 (1= (1 +10)(1 + )
=06 =+1,¢ = 21N, == (1 =021+ &)1+ )

(=0 =121Ln=2LN;= %(1 = DA+ &)1 +1y)

rae BBeaeHo obo3nauenue &y = &;&,ny =11, {y = (¢

@ynxyuu popmut Ni ons HIIKI16

,1-¢ ,1+¢ .
NZi—lzNiTrNZizNiTilslS8

rae N/ - Gyskumn Gopmbl 060104€9HOTO YETHIPEXYTOIBHOTO JIIEMEHT
Dynryuu popmol Ni onss HIIKI15

VYri0BBIE Y371bL

1 1 1 1
Ny = S LiCL,- DA0-5 Ly (16 N, = S Lo(2L,-D(1-0)- 5 La(1¢2);
1 1
Ny = 2 Li@Ly1) (1) -5 Ly(1 - ¢?)
1 1 5 1 1 5
Ny = ZLi2L-1) (1405 Li(1-62)% Ny = S Lo(L,-D(140)- 5 L (162);

1 1
Ng = 7 LsLy1) (149)-5 La(1-6)

[IpomesxyTouHbIe Y37IBI (Ha CTOPOHAX “TIPSIMOYTOJIHHHUKOB”)
N7 =Li(1-¢?); Ng =Ly (1-¢*); Ny =Ls(1-0?)

[IpomesxyTouHBIE Y37IBI (Ha CTOPOHAX “TPEYTOIHLHUKOB™)

Nyo=2 L1 L,(1-0); N, ,=2L,L5(1-0); N, = 2L, L3 (1-0)
Ny3=2L, L (1+0); N, ,=2L,L3(1+0); N, o = 2L L3(1+¢)

Dynxyuu popmer N; ons HITKI12
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,1-¢ ,1+¢ )
NZi—IzNiT'NZizNiT’ISlS6

B kauectBe 6azoBbix mius MIIKI16 u UITKI12 wucnons3yrorcs HUIIKD,
sBIstomuecs: aHanoramu coorBercTByrommx CIIKD c Tem oTinuuueM, 4YTO Y3JIbI
pacrojyioKeHb! MONapHO Ha “HWKHEH” M “BepXHel” moBepXHOCTAX (ux yuciao NPL =
2*NPL), a ynco creneHeil cBOOOBI B KaXK/I0M U3 HUX paBHO3 (Uj, Vi, W TI0 X, Y. Z).

Matpuist hopmsr [N] cocrout uz NPL mommatpui [N] = [[N4], ..... [NnpLl]
Ka)kJast UX KOTOPbIX UMEET BUI;

N A
| 1-¢ 1+¢]
Lo 0 = 0 0=

rme: N; = N (& n) mmm N; = N® (Ly Ly, Ls) — Qynkuum ¢popmsi
COOTBETCTBYIOIIHMX DIICMEHTOB MOBEPXHOCTH [26]

[Tpu yuére BceX KOMIIOHCHT HampspkeHud u aedopmanuii matpuna [B']
omnpenenseTcs Takke g JOKaJIbHOM cHucTeMbl KoopiauHaT X', Y'. Z',uto mpu
M3BECTHOM YJOPOXAaHUHU TPOIEIYPHl IMO3BOJIAET MOJIy4YaTh HAIpPsDKEHHS B Oojee
MH(POPMATHBHON, 10 CPABHEHHUIO C TIO00ANbHOHM, cHCTeMe KoopJauHaT. Marpuna
[D'] umeer cnenyromuii Buz [26].

1 Y d 0 0 0
1-v 1—-v
1 d 0 0 0
1—v
1 0 0 0
D] = E(1-v) 1-2v 0
A+v)1-2v) 2(1-v)
1—-2v 0
CHMM. 20 =)
1-2v
2(1 —=v)l

BexTop TemneparypHbIX qedopmanuii GopMupyeTcs B BUe:

{89} = [T] [alel azg, a3 9: 0;0:0]
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B omimnumne ot CIIKD y MUIIKD HexenateabHO MOHIKEHUE KBaJpaTyp IO
CpaBHEHHIO C OOECTICYMBAIOIIMMH TOYHOE BBIYHCICHHE OOBEMOB I OOBEMHBIX
MHTETPAJIOB U IJIOIIAJICH T TOBEPXHOCTHBIX HHTErpaJIoB [26].

Y4ér knHeMaTH4YeCKUX IPAHNYHBIX YCJI0BUI

Y4ér OFHOPOAHBIX (HYJIEBBIX) W HEOAHOPOIHBIX KHHEMAaTHYECKUX
TPAaHUYHBIX YCJIOBHH — 3aJaHHBIX NEPEMELICHWH TPYMIbI y3JI0B — HMPOBOAMUTCS
myTéM OOHYJIEHNSI BHEINATOHANBHBIX KO3()(OHUIIMEHTOB COOTBETCTBYIOIINX CTPOK U

CTOJNOIOB MAaTpPHIEI [K] W BUAOW3MEHEHHWS MATPHUIBI Harpy30K [F] =

[{F}.. {F}wel.
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CTauvaapHaﬂ 3aJavda TenJaonpoBoaAHOCTH

YpaBHEHHE CTaIlHOHAPHON TEIUIONPOBOJHOCTH B MaTpu4HOH hopme MKD
UMeeT BUJ:

(K16} = (@), @
rue: [K] — MaTpuIa TEIUIOMPOBOIHOCTH, aHAJIOT MATPHIIE IHHEHHON
KCCTKOCTHU
k1= [[[ 1y twiisriav ®
e v

[B’] — MaTpuiia, onpeaesstoias TemMnepaTypHsie rpagueHTsl B KO uepes

y3JI0BBIE TEMIIEPaTYPhI {6},

Ky

0 0
[K]=|0 k, 0
0 0 k,

K Ky, K; — KO3bQUIIMEHTBI TEMIONPOBOAHOCTH MO TPEM IPOH3BOIBHBIM,
B3aMMHO OPTOTOHAJIHHBIM HANPABICHUAM,;

{Q} — BEKTOP TMOJIBOJMMOTO K y3JaM TeTia,

{@}={Q} +{Q}s +{Q},

@y =Yy = [[[wrayay
e e 'y

@s=Y s = [[rasas,
e e s

(4)

{Q}V — BEKTOp IMMOJBOJIA TEILIa, PACIPEICICHHOTO 10 00bEMY,
{Q}s — TO K€, HO 10 IOBEPXHOCTH,

{Q}L — KOHUEHTPUPOBAHHBIN MOABOJ TEIJIA B y3JIOBBIX TOUKAX.

3a7a4M TEIUIONPOBOJHOCTH PEIIAIOTCS JUIl CHCTEM, allpOKCHMUPYEMBIX
TpEeXMEpHBIMH H30mapaMeTpuieckumu KO;
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VY4uTHIBalOTCA BCE MPAKTUUECKU 3HAUUMBbIE TPAHUYHBIE YCIOBHUS.

I'panuuHbIe ycnoBus MepBOTO poja f = 6 MOIEIUPYIOTCS MO AHAIOTHHU C
3alaHHBIMHU [IepEeMEIIeHUSIMU B 3alauax CTaTUKU

VYcnoBus BTOpOro poaa:

00
an_qS

COOTBETCTBYET HArpYXKCHHOH IOBEPXHOCTHBIMH CHJIaMH (s TpaHHUIE B
3agadax ctatukd (s = 0 — cBOOOAHAS TIOBEPXHOCTb, YCIOBUE HEITPOHULIAEMOCTH).

VYcnoBus TpeThero pona (KOHBEKITHS)

qs = h(6, —0),

rae: h — mnocrosHHast koHBekuuu, & — TemmepaTypa (3amaHHas)
cpensl. Ilpomeaypa cBoguTcs K [JOOaBIEHMIO MAaTpPHULBI aHAJIOra MAaTPUIIBL
NPUCOCTMHEHHON KECTKOCTH

k1= [[ vy -

K MaTpule temonpoBogHocTu [K], a BexTopa

@=Y || wiwraseo ©
e s

— K BEKTOpPY TEIIOBOTO MOTOKAa. 37eCh [N] — (yHkuus (BeKTOp-cTpOKa)

(b opMHI, {6}e — BEKTOD Y3JIOBBIX 3HaUEHHUI TeMIepaTypbl BHEIIHEH CpeIbl.

Pemienne CJIAY

Pemrenne cuctemsl TMHEHHBIX YpaBHEHHH B NMPOTpaMME BBITIOIHAETCS CICAYIOIINMHU

METOJaMHU:

1) Hpamou (MUMPS) — sddexTruBHBI MHOTOQPOHTAIBHBIN MPAMOM peIaress
CJIAY (MUItifrontal Massively Parallel sparse direct Solver). TpeGosarenen 1o
ONepaTUBHON MaMsTH, HO BpeMsl CU€Ta 3HAUUTENIBHO COKPAIIAETCs TI0 CPAaBHEHHIO
C TIPSIMBIM PO MIIBHBIM METOJIOM (PaKTOPH3ALIUH.

2) IIpamoii (PARDISO) — pexomenayempblii npsimoii pewarens CJIAY (Parallel
Direct Solver) u3 oubmuorexu Intel Math Kernel Library (Intel MKL).
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TpebOoBareneH 1O ONEPATUBHOM NaMsATH, HO BpeMs Cyéra 3HAYUTEIHHO
COKpaIIaeTcs Mo CPABHEHUIO C MPSMBIM NMPOQHUIBHBEIM METOAOM (haKTOpU3aIvy.
JanaHBIi mpsAMON MeTon, pa3paOOTaHHBIN CHEeNHaNbHO A apXUTEeKTypsl SMP
(symmetric multiprocessing), MOXHO OXapaKTepH30BaTh, KaK HCKIFOYHTEIHHO
s¢dextuBHbI. K CymecTBEeHHBIM HOCTOMHCTBOM METOJA CIEOYeT OTHECTH
BBICOKYIO ITPOM3BOANTEIBHOCTh U MACIITA0OHNPYEMOCTb.

3) Memoo conpa)scéHnbIX ZpadueHmos — umepayuoHHblli METOI W3 HM3BECTHOTO
OTKpBITOr0 Matemaruueckoro makera PETSc (Portable Extensible Toolkit for
Scientific Computation — paspaborka Argonne National Laboratory/MCS
division, CIIIA).

J151s1 nTepalnOHHOTO METO/1a JOCTYIIHBI CIIEIYIOLIHE IPeN00YyClaBInBaTENH:
e [locnenoBarenbHasi BepxXHsis — penakcanus  (peKOMEHIyeTcs — Juis
00beMHBIX Mojieneit ¢ UTTKD).
e Hemonnas  Qaxropm3amust ~ Xojeukoro  (peKoMeHAyeTcss Ui
ob6omoueunsix Mogenei ¢ CITKD).

Pacuér ¢ yuerom miaacTudeckux aedopmanuii
OcHogHble COOMHOUIEHUA MeOPUU NAACIMUYHOCHU

Jnst HenMHEeWHBIX MaTepHaIOB BBIPAKEHHE Uil TOJHBIX JeopMaluii,
ciieflyss TUNOTE3€ aJAMTHBHOCTH MallbIX YHPYTUX M IUIACTHYECKHX AehopMaluid,
UMeeT BUJ:

{g} = {Eel} + {Epl}
rae:
{e} — BexTOp 00UIHX AehopMaIIHi;
{€e1}— BekTOp yIpyrux aehopMarmii;
{€p1}— BEKTOp IIIaCTHYECKHUX AedopMariuii;

B Teopum mnjacTM4ecKOro TEYEHHUs [MOCTYJIHUPYETCS U MOATBEPKIAETCA
SKCIEPUMEHTAIIBHO, YTO IUIACTHYECKOE TEeUEeHHE HauMHaeTCs, KOI/Ja HampsHKeHUs
HaxoJATCs Ha IOBEPXHOCTH TEKYUECTH:

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

CBs3p MEXIy MaIbIMH NpPUPAIICHUSIMH IUIACTHUECKHX aedopManuii u
HaIpsKEHUH yCTAaHABJINBACTCS B BUJIE ACCOYUUPOBAHHO20 3AKOHA MEYeHUs.

{depi} = dA-VoF ({0}, H) ®)

roe dA - mracTndeckuit MyIbTUILTHKATOP, F — QYHKINS TeKydecTH
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T
V,F = {a—F or aF} — rpagueHT QpyHkuuu F.

o, 3oy’ " daog

JlpyruMu clOBaMH, IO aCCOLMHUPOBAHHOMY 3aKOHY TEUCHHUS NPHPAICHUS
IUTACTUYECKHUX JieopMannii epHeHANKYISIPHBI TOBEPXHOCTH TEKYIECTH.

I[H}I OMCaHus MOBEACHHA MaTe€puaia B 00JIaCTH TUTACTHYHOCTH HMMECTCS
HECKOJIBKO OHI_II/II\/‘I, ITOKa3aHHBIX HUXE.

o Bununeiinoe usomponnoe ynpounenue (Bilinear Isotropic Hardening,
BISO) wucnons3yer kputepuid rulactuuHocTH (oH  Mwuseca COBMECTHO C
MIPEATOI0KEHHEM 00 H30TPOITHOM JiepOpMalMOHHOM YIIPOYHEHUH.

o Mynomununeiinoe usomponnoe ynpounenue (Multilinear lIsotropic
Hardening, MISO) moxoxxe Ha OMIu0 OWIMHEHHOTO M30TPOMHOTO YIPOYHEHHS, 3a
UCKJIIOYEHHEM TOT0, YTO BMECTO OMIMHEHHOW KPHUBOW HCIIONIB3yeTCs MOJHMIMHEHHAS
KpHUBasl.

Puc. 117. Bununetinas ouacpamma depopmuposanusi

S A
(52 =€
Ey
0'1 =€
E
I I >
b1 62
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Puc. 118. Mynomununetinas (peanrvnas) ouazpamma 0e@opmuposanus

€1 €2 | &3 €4 €5
L—é‘pl—J

Jnst yenoBus Texydectu Museca U cirydast OTCyTCTBUsI YIPOYHEHHs] YpaBHEHHE
[IOBEPXHOCTHU IUIACTUYHOCTH UMEET BUJ!

F({o}) = 0.~ 01 =0
rac oT - HpC,I[CJ'I TCKy‘ICCTI/I MaTepnaﬂa, O — OKBHUBAJICHTHOC HaHp?[)KCHI/IC.

OKBUBaJICHTHBIE HANPSDKEHNUS 110 Mu3ecy BBIYHCIIIOTCS 110 hopMmyote:

— 1 2 1 2 1 2 2 2 2
0, = 5(01—02) +§(02_03) +§(03_01) + 30; + 304 + 30¢

W B TepMHUHaX 1I€BUATOPOB HANPSHKEHUH

3 3 3
O = 2512 + 5522 +ES32 +3sZ 4+ 3sZ + 3s?

S§1 = 01 — 00,52 = 03 — 0(,S3 = 03 — 0(,S4 = 04,55 = 05,5¢ = Og
o1+0+03
3
I'paareHT MOBEPXHOCTH IIACTUYHOCTH JIJIS KpuTepus Museca
3s; 3s, 3s3; 3s, 3sg 356}T

|7F={— s - =_->_2
o ) ] ) ) )
20, 20, 20, 0, 0, O,

T7€ Gg - THAPOCTATUIECKOE HANIPSDKEHUE. 0y =
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Ilpy W30TPOITHOM  YNPOYHEHWH  MPEAINONAraerTcs, 4Yro MOBEPXHOCTb
IJIACTHYHOCTH MOXKET PABHOMEPHO MO BCEM HAIPABICHUSM PACIIUPATHECS. Y paBHEHHE
MOBEPXHOCTH INTACTHIHOCTH UMEET BHI

F({o}, H =0¢—01—H=0
rae H — napameTp U30TPOIHOTO YIPOUHEHHUS.

dH = dA-h,

rae mapamerp he cBs3aH ¢ MoXyJieM YNpPyrocTh E M TaHreHIMalbHBIM MOJIyJeM
ynpyroctu Et Marepuana COOTHOIIEHHEM:

_ EE
E_ET

Jlast ompeneneHus MIACTHYCCKUX AehopMandii MpH AOCTHTHYTOM YPOBHE
HanpsokeHuit {6} u ynpounenun H oTHocutenbHO HewsBecTHbIX {dc}, dA, dH
peuiaeTcs HeNMHEHHas CUCTEMA YPaBHEHUH

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

rae [D] — marpuna ynpyrux mocTOsIHHBIX.

Pemienrie nanHOW cUCTEMBI OCYIIECTBIISIETCS UTEPALTMOHHO MeTOIoM HbroTOHA.
SkoOuaH UMeeT CIeaYIONUN BUI:

[I1+ dA[DIVAZF [DIV,F 0
J= WV, F)" 0 -1
0 —h, 1

rue meF MaTpHIla BTOPBIX MPOU3BOIHBIX

PWF):  37F)s |
| 00y do; |

VEF = : :
(VsF)1 0(V;F)e

daog dag
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Jns xpurepus Museca:

(B [B2]
Vo-zo-F [11 12]
BZI] [822]
rie
(—1/2 — (V,F);(V,F
(—Y/ (U)( )’ i=13;j=13i#j
[Bi1]: b; 1— (|7 F)Z
—i=13;j=13;i=j
—(VF)(VF)
[BIZ]:bij=—U L.i=13;j = 4,6;
—(VF)(VF)
[321]:bij=—0 Li=46;j=13;
(—(V,F);(V,F
I% i=46;j=46;i+j
[Bzz]:bu 3_(; )2
————i=46;j=46;i=]
S

anyzonﬂacmuuecxa;l Mampuua ons U30MPONHO20 YRPOUYHEHUA

Ipoxuddepenupyem ycnosue miactuaroctu (7)
oF
dF = (VJF)T{dO'} + ﬁdl‘[ =0

C yuérom tpethero ypaBHenus u3 (9)

dF = {(V,F}'{do} —h,-dA =0 (10)

JloMHOHMM TiepBoe ypasHenue cuctembl ypasHenuit (9) Ha (V,F)™ u ¢ yuérom (10)
HOJTy4UM

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

(V,F)"[D]{de}
(VoF)T[D]V,F + h,
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[Moncrasnsiem B BolpakeHue uist {do}

(Vo F)"[D]{de}Vs F
(%F)T[D]V,F + he

{do} = [D]{de} -

nim

VoF (V,F)" [D]{de}
(%F)T[D]VsF + he

{do} = [D]{de} -

BBeIEM 0003HAYCHHE

Vo F (V,F)[D] (11)
(VG F)T[D]VF + he

[Dep] =[D] —

To ecth B IIacTHyeckoit 001acTy NpUpaLieHus HANPSHKEHUH OYAyT CBSI3aHbI
¢ mpupaneHusIMu iepopmanuii mo popmyie

{da} = [D,p]{de} (12)

ManI/H_Ia KacaTelIbHOH KECTKOCTH dJIeMEeHTa OIIPEALCIIACTCS KaK

ler] = ]ﬂ [D.p][B1dY

ManI/ILIa KacaTelbHOM KECTKOCTH CHCTEMEBI

[Kr] = i[kT]e

CootHomenue (12) BepHO AJIs1 MaNbIX IPUPALLICHUIT AehopMaluii, OTCIOaa
BBITEKAET CIIOCO0 pemIeHNsT HeTMHEHHO! 3a/1a4l CTATHKH — ITOIIAaroBOE Harpy)XeHUe 1
peIIeHre CUCTEMBI Ha KaXKAO0M IIare Harpys>KeHUs.

154 HUILL CtaluO



MeH10 OKHO

Memoo Hviomona 0na pewienusn cucmemvl HeIUHEHHbIX YPAGHEHUIL (8 MOUKe
unmezpuposanusn K3)

Hdnst peuienus HenmuHe#HOH cuctembl (9) B KaKAOW TOYKE HHTCTPUPOBAHHUS C
IUIACTUYECKUMU JIeopMannsIMy UCTob3yeTcst Metoa HproToHa.

IlycTh naHa cucreMa HEIMHEWHBIX ypaBHEHUH

fxhH =0 (13)

rne f — HenmHelHast BEeKTOP-(YHKINS Pa3MEpHOCTH N

Hnst pemenus cuctembl Ommnoka! MCTOYHUK CCHUIKM He HaileH. MCIOJb3YETCs
CJICYIOLTNH UTEPAIMOHHBII MTPoIIece

{x}ipr = {x}i + {dx},
Uli - {dx}; = —f({x})

rae [J] — axkobuan GpyHkumy f.

[9h . 9]
|6x1 0x,
vli=|{: =~
|0 Ok
l@xl Oan

Memoo Hviomona-Paghcona peuienus cucmemuvl HeAUHEHbIX YPAGHEHUL

Meron Hetorona-Padcona juist perreHus cucTeMbl HEIMHEHHBIX YpaBHEHUH
3aKIIF0YAeTCs B CIEAYIOLIEM:

[Krlifdu}; = {F} — {F™} (14)

{ulisyr = (uki + {Au}; (15)

rue:
[K+];— MaTpuLa KacaTenbHO# )KECTKOCTH
i — HOMep TeKyIleH uTepanum;
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{F}— BexTOp BHEUIHUX CHJI,
{F™};— BEeKTOp BHYTPEHHHX CHIL.

Puc. 119 wwiocTpupyroT ompezeieHue 3HadeHuid Marpuupl [Kp]; u
Bekrtopa {F""};.

Puc. 119 I'eomempuueckas unmepnpemayus umepayuonno2o memooa Hetomona-

Pagcona
Fi Fi
Fa e Fa /f
K; nr
1
Fhr Fi
he— L
u u Y i Hir2

Jlnst 3ama9 ¢ y4€TOM ITACTHYHOCTH MaTepuaia Harpyska {F} 3amaércst momraroBo
(Puc. 120):

[Krlni{du}i = {(F}n — {F" }ni (16)
rae:
[K7]n;—MaTpuma kacaTenpHOH JKECTKOCTH sl N-TO IUara II0 BPEMEHH U i-0#
UTEPALNY;

{F},,— nonHbIif BEKTOp NPHIOKEHHON HArpy3KH Ha N-OM LIare 1o BPEMEHH;
{F""},,,;— BEKTOp BHYTPEHHHX CHII HA N-OM IlIare 110 BPEMEHH U i-Oi UTeparyu.
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Puc. 120 I'eomempuueckas unmepnpemayus wazo80-umepayuoHHo20
(unkpemenmuozco) memooa Heromona-Pagcona

F2 "

Ecnu MaTpura *ecTKOCTH OOHOBIISIETCS. HAa KaKIOH MTEpaluy, TO peub UAeT
o nostHOM Metoze HrioToHa-Padceona. B ciydae, korma maTpuria >KECTKOCTH CTPOUTCS
TOJIBKO B Hadale KaXIOH WTepaniMy 110 BPEMEHHM METOJ] Ha3bIBaeTCs
Moau(UIMPOBaHHBIM MeToioM Hbrorona-Pagcona.

CXOZ[I/IMOCTL JAOCTUTACTCH ITPU YCIIOBHUU!

I{R}| < €rRrer an

”{Aui}” < Suuref (18)
rae:  {R}={F}—{F"}.

Pacuém H/IC c yuémom asmoghpemuposanusn

1. TIpoBoauTcs pacy€r ¢ y4€TOM IUTACTHYECKUX Ae(OpMAaIIHid.
2. TlomyueHHsle 1uIacTH4eCKHe JaeOpPMAIMM HCIOJB3YIOTCS B KauecTBE
HavyalbHbIX JeopManuii Juisl MOCIe yIOIIEero JIMHEHHO-yIIpyroro pacuéra.
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Onpeodenenue npedenvHoll N1ACMUYECKOU HAZPY3KU RO KPUMEPUAM
cmamu4eckoi npoYHocmu

Juns geraneii TpyOOIPOBOAOB, TAKUX KaK TPYOBI, OTBOABI M TPOWHUKH, a TAKXKE
COCYJIOB JIaBJICHHSI B JINTEPAType BBOJIUTCS ITOHATHE «IIJIACTHYECKOHW MNpEeAENIbHON
Harpy3ku» (plastic load) [63-68]. DTo Harpy3ka, mpu KOTOPOH B AETaNH BO3HHKAIOT
WHTEHCUBHBIE  IUlacTuueckue  nedopmanmu  (gross  plastic  deformation),
OXBaTBIBAIOIIME BCIO TOJIIMHY CTeHKH. /laHHOE ompeneneHne ObUIO MPEAJIONKEHO B
cratbe Gerdeen J.C. 1979 . [63].

BaxxHo MOHMMaTh, YTO NpeneNbHas IUIaCTHYEeCKas Harpyska, ONpeneleHHas
TaKuM 00pa3oM, He sBIsSeTCA JCHCTBUTENBHONW NpENeNbHONH Harpy3kod Ha
KOHCTPYKUUIO (T.c. HANOONBIIEH Harpy3KOH, PH KOTOPOH yIOBIETBOPSAIOTCS YCIOBHS
paBHOBECHs ISl BHEITHUX M BHYTPSHHUX CHJI M IPOMCXOIUT Pa3pyLICHHE JeTall IPH
UCTIBITaHUAX) [64] M Ha TMpaKTHKE MOXET OBITh CYHIECTBEHHO HiDKe. IIpuMeHeHue
MOAXOAa OLICHKH MPOYHOCTH MO HPENeibHOM IUIacTUYeCKOW Harpyske MO3BOJISCT
HECKOJIKO TIOBBICHTh HECYILYIO CIIOCOOHOCTh JETalld MNpPU JOMYIIEHHH pPaOOTHI
Marepualia B 00JaCTH YMEPEHHBIX IIACTHYECKUX JAeOopMaruii, XapakTepU3yOIINXCs
MaJIBIMH CKOPOCTSMH.

Jna  ompeneneHusi INPENEeNbHON IUIACTUYECKOM HArpy3Kd IIO JIaHHBIM
HAaTypHOTO WIJIM YHCJIEHHOTO OJKCIIEPUMEHTa JJisl JeTald CTPOUTCA KpHUBasd,
OTpaXkaroliasi 3aBUCUMOCTh MEXIly Harpy3Koi (IapamMeTpoM Harpy3Kd IpH CI0XKHOM
Harpy»k€HHH) M XapaKTepPHBIM MapaMeTpoM AehopManuu (HampuMep, MaKCHMasbHas
miactadeckas nedopmanus). [IpenenpHas Harpy3ka ONpeAeNsieTCsl TeOMETPHYSCKUM
CIoco0OM UCXOJIS U3 BHAA TOCTPOCHHOM KPHUBOHA.

OCHOBHBIE CTOCOOBI ONpENENICHHs] IPEAETbHON IUIACTHYECKON HarpysKH,
OIIMCaHHBIE B INTEPATypE:
e MeToJ JBOWHOrO ynpyroro Hakiona (twice elastic slope (TES) criterion);
e MeTOJ mepeceueHus KacatenpHbIx (tangent-intersection (TI) criterion);
e  KpuTepwuil miactuueckoit pabotsr (plastic work (PW) criterion);
e KpUTepuUll  MakCUMyMa  CKOPOCTH  HU3MEHEHUS  OTHOCHUTEIbHOM
TUTACTHYECKOW PaOOTHI.

B rexymieit Bepcun ACTPA-CTAJIUO peanuzoBaHbl JBa KpUTEPUS:
®  METOJ ABOMHOIO YNPYyroro HakjoHa, KOTOPHII HanboJee pacpocTpaHeH
U PEKOMEHJOBAaH PAAOM 3alaJHBIX HOPMATUBHBIX JOKYMEHTOB TaKHX,
kak ASME [65] u EN [66];
e KpuTepuil  MakCHMyMa  CKOPOCTH  HW3MEHEHHS  OTHOCHTEIBHOM
IUTACTHYECKON PaOOTHI.
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Memoo 0gotinoeo ynpyeozo HakioHa (twice elastic slope)

Crpoutcst rpaduk 3aBUCHMOCTH IapamMerpa Harpy3ku OT IlapaMmeTpa
mepopmanmy  (HampuMep, MaKCHUMalbHasg TJaBHas JedopMmanus B JIETajH).
OmnpenensieTcss HAaKIOH KacaTeNbHOW K rpaduky B Haydame (B YHOPYrod dacTH).
Crpoutcs Tak HazbIBaeMas npenenbHas quHUs (collapse limit line) mon yriaom BaBoe
OompmmM yriia ynpyro KacatenbHOW. IIpenmenpHas mmacTudeckas Harpyska
OTIpEZIETIAETCS TEPEeCeUCHUEM TPEACIbHON JMHUM W KPHBOHM Harpyska-aedopmMarys
(Puc. 121). B xauectBe medOpMAIMOHHOTO TapameTpa i MOCTPOCHHsS Tpaduka
OOBIYHO BBHIOMPAIOT JIMHEWHYIO JedopManuio (3KBHBAICHTHYIO, HaMOOJIBLIYIO
IVIaBHYIO WJIM KOMIIOHEHTY nedopManuy) WM XapakTepHoe NepeMelleHHe Kakoii-
HUOY/Ib TOUKH JICTAJIH.

Puc. 121. Kpumepuil 0601iH020 ynpy2o2o HaKIOHA

i
Load

PP mmtme e ee ool -

Deformation

Kpumepuii maxcumyma ckopocmu usmenenust OmHOCUMENbHOU NIACIMUYecKoU
pabomol

Ipeanoxen B padorax Ckonuuckoro B.H. u ap. [65,66]. Meroauka kpaTko
OITHCaHa HIDKE.

PaboTa mnactuueckux nedopMannii onpeaenseTcs Kak

W, = ZNep fVe W, dv,
/e yaensHas paboTa IIacTHIecKuX nehopMannii

VTIp = faidepi
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O-i — HHTCHCHBHOCTH HaHpiI)KeHPIﬁ, Spl' - HWHTCHCHUBHOCTH INIACTUYCCKHX

nedopmanui, Nep — KOJIMYECTBO JJIEMEHTOB B IIJIACTHYECKOH oOmacTth, V. — 00beM

KOHEYHOTO 3JIeMEeHTa, V — MONHBINH 00beM AeTaa. AHAIOTHYHO OMPEASISIETCS OTHASL
pabora W.

BBoguTcss OTHOIIEHWE TIIACTHYECKOH paboThl K TONHOWM — OTHOCHTEIbHAS
IutacTIdeckas padbora

[lpenenpHast ImJIacTHYecKass Harpyska (p, OIpeIeNseTcs Kak Harpyska,
COOTBETCTBYIOIASE MAKCUMYMY CKOPOCTH BO3PAaCTaHHsl OTHOCUTEIILHON IITACTHYSCKOM
paboTshr:

dc,
diim = argmaxq W

rae  — napamMeTp Harpy3kKu.

Ha Puc. 122 nokazaH mnpuMep 3aBUCHMOCTH CKOPOCTH HM3MEHEHUS
OTHOCHTEJILHOM TUIACTUYECKOH PabOThl OT BHYTPEHHETO JABJICHHS, IOCTPOSHHBIH s
TOHKOCTEHHOT'O TpoitHuKa [65].

OCHOBHOE TNPEMMYILECTBO TOAXOAa B TOM, YTO OH HE COAEPKHT Ipodiem,
CBSI3aHHBIX C HEOJIHO3HAYHOCTBHIO BHIOOpA N1e)OPMAMOHHOTO HapaMeTpa MM TOUYeK
JUISl TIOCTPOEHMSI KacaTebHBIX, KOTOPBIE XapaKTEePHbI Ul APYTUX MPUMEHSEMbIX Ha
NPAaKTHKE METOAOB (KpUTEPHH IBOHHOIO YIPYroro HAakJIOHA, IEPeceyeHus
KacaTeJbHBIX U IJIACTUYECKOil paboThI).
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Puc. 122 Kpumepuii maxcumyma ckopocmu usmeHeHusi OmHOCUMenbHOU
naacmu4eckol pabomol

Cv

P

0,5

04 / T\\
/N

03 /
/AR

0.2 /
0,1 /

1,5 2,0 2,5 30Pmp 3.5 40  p,MIla

5
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MeHI0 OKHO

IIpumep ncnons3osannsg ACTPA-CTAJIUO B coctaBe ACTPA-
HOBA

Ha Puc. 123 — Puc. 130 mokaszaHel (parMeHTH YTOYHEHHOTO pacyera
HaNpsOKEHHOTO ~ COCTOSHMSA M CEHCMONPOYHOCTH — TSDKEJIO — HArpy)KEHHOTO
HEpPaBHOIIPOXOJHOTO  OPTOTOHAIBHOTO  CBAapHOTO  TPOWHHUKOBOTO — COCTUHEHUS
peansHO# TpyGonposoaHo# cuctemsr ADY (Hopmsr [THAD I'-7-002-86).

HesHaunTenbHOE CHIDKEHHEC MaKCHMAJbHBIX HAIPSKCHHH rpymnsl (6s), (C
377,05 MIla mo 352,76 MIla), 3adhukcupoBanHoe B yrouHeHHOM pacuete mo ACTPA-
CTAIMO (mo cpaBeenmio c¢  pesyastatom  ACTPA-CEMCM), mocur
“HHIUBUAYaJIbHBIA XapakTep” M, KOHEYHO K€, HE IO3BOJIAET PaclpOCTPaHUTh ITOT
BBIBOJI Ha JIPYTUE CITyYaH.

Puc. 123 ACTPA-CEHCM. Pacuemmuuiii mpexkoMnoHeHmublil CReKmp omeema

-
® £ al =2 Onvoanue

|8 0.z 0.00907 0.013925 =
e 0,215 0.009606 0.014717 el

&3 n.278 0.011&37 0.013016
:4 0.3 0.013636 0.019827 @ qq SRR RS, é ﬂ H
WE 0,323 0.0L5434 0.021637

(3 n.37 0.019231 0.025458
:7 0.4 0.021766 0.028157 SRBHCMMOCTE VCROPEHMA OT HACTOTH
e 0,43 0.024301 0.030856
ol 0.463 0.027047 0.03378 |  34-----fiqeeece b e et be e e b ]
1o n.s 0.029669 0.037401
Tl s o.oazesy nooatozz
1z n.555 0.034008 0.04271Z2
13 0.6 0.040403 0.048359
e o.eas 0.04e797 noosaous
15 0.648 0.047153 0.054319
16 n.7 0.050567 0.086658 290 b ffr bt |
e e 0053165 0.05844L
it 0.753 0.054883 0.060053
12 0.8 0.061399 0.066181
Tlzo o.e3m 0.osses? n.o703
j21 0.86 0.06813 0.073285
|2z 0.9 0.071435 0.0775Z1
Tlzs o.ses o.o7asol ooosoles | L R S e SR S
j24 0.968 0.085634 0.084978

25 1 0.094912 0.088656 i

[Rosasime | [ Unamme | [Coprposea) e T
5 10 15 0 25 30 35 40 45

Hacrora, Tu
x/\v

Mockga, 2023 167



Ipunoxenue 2. Teopernueckoe onucanue

Puc. 124 ACTPA-CEHCM. Moodens mpy6onpogoonoti cucmembi.
Cmamuxa£Ceiicmuxa.
Ipusedennvie nanpsaicenus epynnul (6s). Makcumym 377,05Mna

PacyeTHeie Hanprikerka (MM a) Bosgeincteue N1 [uron MN21). Cefirika + Bec + nasnsHue.
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Puc. 125 ACTPA-CEHCM. 30ua mpoiinuxa Ne3. Cmamuxa2Ceiicmuka.
Ipusedennvie nanpsicenus epynnul (0s)2. Maxcumym 377,05Mna

giicTeue N1 (yron N1). CeliMuka + Bec + aaBneHue.
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Puc. 126 ACTPA-CTAJHO. Obonoueunas K3-modeno mpoiinuxa. Obwuii 6uo

Hedopmauuu {Macwumas 0.0162)
Hazpysanuyue = BAHMOLE ©
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Puc. 127 ACTPA-CTAIHUO. Obonoueunas K3-modenv mpoinuxa. 3o0na nepeceuerus
0boa0yeK
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Puc. 128 ACTPA-CTA/JHO. Obonoueunas K3-modenv mpoiinuxa Ne3. Ceticmuxa.
Tlpusedennvie nanpsocenus epynnol (0s)2. Maxcumym 348,81MIla (387,13MlIla)

L ACTPA-CTAJIMO - [TRN4.ast] T |
[E] dain Pacuer Pesynetatel Bra Okwo P

IR
|let®Q@ & I I |nE 8w

Que nra npoynocTH(ITHAS I-7-002-B6)

LY
348.81

Eua pacuera

[ ~|

Hanp.
[ & Mpuesacrioe " Drvocurenshos
Meron i B ToukaK WHTEr] e
| CymipoBaHuE € BECaNM N0 TOUKaM UHTerPUPOBaHUA -

Criocas GepeatertA o yaar

| CpefHes apHPHETHIECKOE ;I

Mokas HampsskeHUi

|Bea ropueser son -

Orrena

™ M300MHMM HE GEOPMAPOBaHHDN Creme

= NC Left
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Puc. 129 ACTPA-CTA/IHO. Oboroueunas KD-modens mpoiinuxa Ne3.
Cmamuxa+Ceticmura. I[Ipugedennvie Hanpsiicenus epynnbi (05),.
Maxcumym 352,76 MIla (377,05MI1a — no ACTPA-CEUCM)

Maiin PacdeT PesynbTaTel Baa OKHO 7
JD@ﬂl%Elél?‘
et X0 @ I/I ME|(Muw
i =

S
Pl =germriy
[,

Ouenna npounocTH(THAS [-7-002-B6)

By pacvera

|Cramika + Ceiicnara -

Cer eicree Mzl (uron el ) cnextp
Cefiomososasioree N2 [yron Net | anexp

HarpsokeHu

METOR MPHEEAEHAA HATRAKEHAR B TQHKEH HHTErPHPDBaHK B Yokl

| Cyrmipoearie ¢ eecamm no Towam wrerpuposara -
CRocof OCpeaHEHMA Mo Y3aam
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|Ees Topuetix son =]

[~ Ws0muHum Ha AedOpHUROBaHHT Crene

OTreHa
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Puc. 130 ACTPA-CTA/JHO. Obonoueunas K3-modenv mpoiinuxa Ne3. Cmamuxa-
Ceticmuxa. Ilpusedennvie Hanpsicenus spynnul (0s). Makcumym 351,55MIla
(377,05MI1a — no ACTPA-CEHCM)

-CTAJMO - [TRN4.ast]

@afin Pacuer PesynbTaTel BHA Okro 7

INEEIEPEEETE

et Q &R I/n XX M
I

Ouenwa npounoc(THA [-7-002-86)

Bua paciera
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Cei sue N1 (yron NeT) erecrn
CedcmososasiicTeue Ne2 (yron N1) cnekTp

 Mpueeaeroe  Orvocirenshoe ‘

METOR, MpMEEAEHR HaMPAEHKHit B TOMKE MHTEN PHROBEHHA & Yool

| Capmiposariee ¢ secamit no Toukam HTerpHposarkR =
Crocos ocpeaHeHis N y3nam

|Cpenviee apuamenimeckoe |

Mokas HanpaeHui

|Fea ropuesix son JEa|

Orrena

T~ Waanumim Ha aebopripos anoi crete
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