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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

1. BBenenue

Hacrosimuii JOKYMEHT COIEPKUT MaTepuaibl MO0 BEPHUPHUKAIUU MPOrPAMMHOTO KOM-
miekca (IIK) ACTPA-ADC’2009, npeaHazHadyeHHOTO ISl aBTOMAaTU3UPOBAHHBIX PACUETOB HU3-
KO- U BBICOKOTEMIIEPATYPHBIX TPYOOMPOBOIHBIX CHCTEM HAa CTATHYECKYI0 U IHKIHMYECKYIO
MPOYHOCTh, CEUCMUYECKUE BO3JCUCTBUS, BUOPOMPOUYHOCTH U HEYCTAaHOBUBIIMECS TUHAMHUYE-
CKHE TIPOIIECCHl B COOTBETCTBHHU ¢ TpeOoBanusmMu aericTByronmx Hopm ITHAD I'-7-002-86. [lo-
KYMEHT MOATOTOBJICH ¢ yueToM TpeboBanuii PykoBozsmiero JlokymenTa “TpeGoBaHus K COCTaBy
U COZICPKAHHIO OTYETa O BEpU(PHUKAIMN U 0OOCHOBAHUHU MPOTPAMMHBIX CPEJICTB, IPUMEHSIEMbIX
JU1s1 000CHOBaHUS O€30MaCHOCTH O0BEKTOB HUCIIONIB30BaHUs aToMHOM 3Heprun”’, PJ1-03-34-2000.

Martepuansl Bepu(UKaIHOHHOTO OTYETa COACPKAT KaK MOATBEPKACHUE paHEee aTTeCTO-
BaHHBIX BO3MOXHOCTEH (ACTPA-ADC 6.1, arrectanmonnsiii macmopT Ne 40 ot 21.12.1995 r.,
puc.1.1), Tak u o6ocHoBaHue HOBBIX Bo3MOxkHOCTEHT ACTPA-ADC’2009 B yncieHHOM MOJIEIH-
poBanuu H/IC u ornieHkax MpOYHOCTH TPYOOTPOBOAHBIX CUCTEM ADY M 3JIEMEHTOB-ACTAIICH.

1.1 Ha3Banmue IIC
[Iporpammusiii komiiekc ACTPA-ADC’20009.

1.2 Camocrositenbubie Moayau I1C

HanmeHnoBanue Onucanue IIporpammusle (paiibl

IIpenpoueccop — BBOA M MPOBEPKa AstraNova.exe, GeomWnd.dll,

IHPE-ACTPA MCXOIHEIX JAHHBIX. CADModel.dll, LFC.dIl,
Dbedit.exe, Dispmass.dll.

SoaG AstraNova.exe, Hststac.dll,
HocrmponeccopHast 00bpaboTKa Hststaes.dll, Hstform.dll
MNOCT-ACTPA o -
PE3yJIbTATOB. Hstseism.dll, Hstvibr.dll,

Hstdyn.dll, LFC.dIl.

Pacuér TC wHa craruueckyrlo H

ACTPA-CTAIL | | oecvio mpostiocts Stacaes.dll

Pacuér coOcTBeHHBIX YacTOT U (Hopm

ACTPA-®OPM koisiebanuii TC. IloaroroBka IaHHBIX Form.dll
JUIS TMHAMUYECKUX Pacu€TOB.

Pacuér TC Ha  celcMHUYecKue

ACTPA-CEMCM | BO3I€HCTBUS, 3aJaHHBIC CIEKTPAaMH Seism .dll
YCKOpPEHUH U aKcelseaeporpaMmmamu.

ACTPA-BUEBP Pacuér TC Ha BUOPOTIPOYHOCTD. Vibr.dll

Pacuér TC Ha  JOUHAMHUYECKHE

ACTPA-JIMH | o o s, Dyn.dll

YTO4YHEHHBIN pacyeT TEMIIEPATYPHOTO
U HanpsKeHHO-Ie(pOPMHUPOBAHHOTO

AstraStadyo.exe
COCTOsSAHHUA 110 MMPOCTPAHCTBCHHO-

Inpdat.dll

ACTPA-CTAJIMO | 000/104€YHBIM ¥ TPEXMEPHBIM K?- Massoldll
MOJEISIM,  OIIGHKa  CTaTHYECKOH,

Outres.dll

MAKJIAYECKON U ceCMUUECKOHU
MPOYHOCTH JIeTajei TpyOompoBoa.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

1.3 ABTops1 IIC

PykoBonurens paspabotku — O.T.H., npod. benocrouxuit A.M., OTBETCTBEHHBIE
ucnionaurenu: Boponosa I'.A., Iloranenko A.JI., Knenen O.1O., [umkuna A.H., Ayn A.A.,
Octposckuii K.W.

1.4 Opranusanus-paspadorunk IIC

3A0 “Hayuno-uccnenoBarensckuii nearp Cra/luO” (3A0 HULl Cra/luO). NUmeercs
cBuzeTesibcTBO DenepanbHOil City)kObl MO MHTEJIEKTYalbHOM COOCTBEHHOCTH, NMATeHTaM U
TOBapHBIM 3HaKaM 00 oduuuanbHON peructpauuu nporpamm ans O9BM Ne2006610288 ot 12
suBaps 2006 r. (puc. 1.2).

1.5 Opranuszanus-3asasuress [1C

3A0 “Hayuno-uccnenoarensckuit nentp Cra/luO” (HUL] Cta/lunO).
OAO “AtoMdHEPronpoexT”’
OAO “OKb I'mppomnpecc”

1.6 Ilepevyenn opranu3anuii, ncnoab3ywimux (npumensiromux) IC

[IK ACTPA-ADC’2009 HaxoauTcsi B IPOU3BOACTBEHHOM IKCILTyaTalluy psiia BEAYIINUX
OpraHU3aIui OTPaCIH:

— OAO “ATomMdHEPrONpoeKT”,

— OAO “OKb “T'ungpormpecc”,

— IIK® “Pocsneproarom”,

— OAO 3UOMAP,

— AO POCOII,

—3A0 “CenprHepronpoekr”,

— CeppHMM XumMar,

-0V BIIOMI'CY,

—3A0 HHAL] CtaluO,

— Kuesckuii “OHepromnpoekr”,

— XapbKOBCKH “OHEPronpoeKT”,

— HIIO “Bexkrop” (Kues),

— HTIL SIPb Ykpaunsl,

— Enepronpoext (bonrapus),

— Urnanunckas ADC.
(Bcero — 6onee 80-u pabounx mect) u BKItoueH B ODATI-SAP.

1.7 OnepaunoHHasi cucremMa
Windows 98, NT, 2000, XP, Vista.

1.8 SI3pIkM mporpaMMupoOBaHus

Intel Visual Fortran 11 (BerumcnurenpHble mMonynu), Microsoft Visual C++ 2008,
Borland C++ Builder 2008 for Microsoft Windows. ¢ ucnosip3oBaHueM TpexMepHOU rpaduku
OpenGL (Bu3yanu3anusi pac4eTHbIX MOJIeJIEH U pe3yJIbTaTOB, JUAIOrOBasi CUCTEMA).

1.9 XapakTepHoe BpeMsl cyeTa

Bpemst cuera 3aBucut oT ObicTpozeiicTBusi [I1D9BM, BBIYMCIMTENBHON pa3zMEepHOCTH
pemaemMoii 3a1a4u (CJIOKHOCTH PacyeTHON MOJENM — 4Hcia y3J10B, 3JEMEHTOB, COOCTBEHHBIX
4acToT/popM, I1aroB O BPEMEHH) U HAJIMUHS HEJIMHEHHBIX (PaKTOPOB (OJHOCTOPOHHHUE OTMOPHI U
OTIOpBI TPEHHUS). XapaKTepHbIC BpeMeHa cueTa MpuBe/IeHbI B pazzaene 1.13.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

1.10 TpeOoBaHusI K 3JI€KTPOHHBIM BBIYMCJIHUTEJbHBIM MAIIHHAM, HA KOTOPBIX
BO3MO’KHO BbINIOJIHEHHe pacyeToB ¢ npuMeHeHuem IC

Kommnexke moxer ¢pyHkunonupoBaTh Ha [I9BM Pentium u IBM-coBmecTuMBbIX (mox
yrpaBiieHHueM orepanuonHoi cuctemsl Windows 98, NT, 2000, XP, Vista).

Munumanvrvie TpeOOBaHMS K 000PYI0BAHUIO:

— CPU 100 MTI'1;

— RAM 128 M0,

— HDD 500 M6,

— VideoCard: ue menee 2'° useros; Buneonamsts - 2 MG.

Pexomenodyemvie mapameTpsl:

— CPU 750 MI' u BhllIE;

— RAM 256 MO u BeIIlIE;

—HDD 2 I'0 u BhIIIE,

— VideoCard: Buneonamats 4 MO U BBIIIIE; KOJTHYECTBO I[BETOB 232,

Jnst pa3MenieHuss OJHOTO Komruiekca Tpebyercs okoimo 11 MO nuckoBoil mamsiTu.
JluckoBass mamsATh Il XPaHCHUS MPOrPAMMHBIX MOJYJIEH 3aBUCHUT OT BBIOpaHHOM
M0JIb30BaTEIeM KOHPUTYypaluy KoMIUIeKca. J{s omeHku TpedyeMoro oobemMa JUCKOBOW IMaMsTH
MO3KHO HCITOIb30BaTh JAaHHbIC TAOIUIIbI:

JluckoBasi IaMATH JIsl pa3MelleHus1 KOMILIeKca

Moay.ib JluckoBasi namMaTh, K
ITPE-ACTPA 1000
ACTPA-CTAIl 832
ACTPA-®OPM 664
ACTPA-CEHCM 980
ACTPA-BHBP 977
ACTPA-JIHH 980
ITOCT-ACTPA 800
ACTPA-CTAJTHO 3500
CiryxeOHbIe TPOrPaMMBI 6587

Jlnst mpoBeieHus ceaHca padOThl HEOOXOAUMO CBOOOTHOE AMCKOBOE MPOCTPAHCTBO OT
2.5 Mb 10 200 Mb B 3aBHCHUMOCTH OT CJIO)KHOCTH PaC4€THOM MOJIENIN U PEXUMOB pacyuera.

1.11 Ha3panusi ¥ HoOMepa [OKYMEHTOB, IOATBEPKAAIOIIUX IeNOHMPOBAHME
“3amoposkennoii” Bepcunm IIC m ero camocrositenbHbIXx Mmoaynaeid B IlenTpe mo
opranu3zanuu 3xcneptusbl [1C

B O®AII-AP nepenansr:

1. CD-auck, conepKalimii:

— uHcTtausinuonHas nporpamma [IK ACTPA-HOBA2009;

— IpaiiBepbl U YTHIUTHI 151 paOOThI € 3JIeKTPOHHBIM KimtouoM 3ammtel HASP HL;

— noxkymentamus kK [IK B anekrponHoM Buae (obOmee omucanue [TK ACTPA-HOBA'2009;
ceanc pabotsl ¢ kommuiekcom ACTPA-HOBA'2009: o6mee onucanus (mpuioxenus) [TK
ACTPA-HOBA’2009; o6miee ormucanne u ceanc pabotsl ¢ ACTPA-CTAIN0O'2009;

— (paiinbl BepruUKALMOHHBIX IPUMEPOB-IPOEKTOB (MCXOIHBIE MOJIEIN U Pe3YJIbTaThl PACUETOB).

2. Dnexrponnbii kitou 3amutel HASP HL Max.

3. Oowee onucanue [TIK ACTPA-HOBA’2009 (6ymaxxnas xonus, 134 ctp.)

4. O6mee onucanue [IK ACTPA-HOBA’2009 (npunoxenust) (OymaxHast konus, 89 cTp.)

3A0 HUL] Ctra/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 5




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

5. Ceanc pa6otsl ¢ komruiekcom ACTPA-HOBA’2009 (6ymaknas komust, 275¢tp.).

6. O0wiee onucanue u ceanc padbotsl ¢ ACTPA-CTA/IMO 2009 (OymaxHas konust, 78 cTp.).
7. CBUOETENbCTBO 00 ouImanpHOM peructpamuu nporpammsl 1yt I9BM Ne 2006610288.

8. Aunoranusa [IK ACTPA-ADC’2009
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COBET MO ATTECTALUUMU
NPOrPAMMHBIX CPEACTB

. W PAOMALMOHHOW BE3OMACHOCTbIO
%N NPU NPE3UAEHTE PCHCP

Beenenue
. FOCYJAPCTBEHHbI KOMUTET PCOCP
% S Nno HAL3OPY 3A SAEPHOW
i ol S ——

ATTECTALMOHHbIA
NACNOPT
NMPOrPAMMHBIX
CPEACTE

Puc.1.1 Arrecranmonnsiii nacnoptr ACTPA-ADC 6.1
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ACTPA-ADC’2009. Bepudukannonnsiit otaer. Tom 1 Bsenenune

B L3Il mpu HII| #FE

Ng g Ne 40

FPerncTpauroHHein Homep NC PervcTpaunoHHbIA Hnu;ap
g NocpeecTpe nporpamm ana 3BM nacnopra artrecrauwn MNC
o5, 06, 95 21.12.7995
[aTta pervcrpaumn [ata Bbigavu

Ha3gaHue nporpamMmHoro cpeactea: LOMITJIExC nporpamm ACTPA-ASC (Bepeus 6.1),

ABTOMATWEUPOBEHHE pacueT TpyGONpOBOOHEX cucTeM ASC He CTATHUSCKYD W UMK/~
HYECKy®D NPOYHOCTL, Ha CceficMUYISCcKHE Bo3nsiicTeuA, BUEDONDOUHOCTE M HEYCTEHOBM-
BUMECA NUHaMWUecKHe NpOUecCH B COOTBETCTBMM ¢ Tpebosanuavy Hopm [HAS I'-7-002
-86.

Wma aevopa (astopos): Bepocronwu? A.M., Bopowosa T.A., Lyxossmpt M.A.,
Lxomuuxose ©.J1., Luoxusa A H., Yamos U.K.
oBli: I) HSBM PC AT 286/87, 386, 486 u comMecTmMMe C ONepaLMOHHOW CHOTEMOR

S DOS

£) VAX ¢ onep

suMoHHOR cueTsmof VAX/VMS
3) EC ¢ onepsuuoHH

uMoHHoP cwcoremol OC EC

Opranuaauwa paspaboriuk:  Hayuyuo-yrmenepust ushrp CTAINO

Pewenne CoBETA NO ATTECTAUMW NPOrpaMMHLIX CDEOCTE 5 9

-

; ~ =3 Sk o T
llporpamwa nognexuT NOBTOPHON ATTSCTEYWM NOC/IE NEPECMOTDE HODMETHERERK
w47 o]

MaTepUaiion.

llpnnoxedns Ha 4erp.

enatens Cosera
gaTauue NC
e

£ cu?a o
M| A TPty

M. N

Puc.1.1 Arrecraumonnsiit naciopt ACTPA-ADC 6.1
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

{IPHITIOKEHHE K ATTECTAITHOHHOMY ITACIIOPTY [IC N 40
(Mporpassm commmexc ACTPA-ABC, sepers 6.1)

. Heoeveny Mogynes - Kommnexc ACTPA-ADC cogepxaT 370 mogmporpams,
MI9BM - sauE nporpammupobarns Microsoft FORTRAN v5. 1, 38 EXE-Monynei;
VAX - ssnk mporpaMumpopamms VAX-FORTRAN, 8 EXE-monynef;

EC - g3nE mporpadApoparRs FORTRAN-T7, 8 3arpy3ouHmx Mogyien.
2. Haimauwerme ®m ob6unacts mwpaMenenns. Kommnegc mporpamd ACTPA-ABC (mepcma 6.1 or

01.09.92r,) mnpemHA3HaYeH [AN4 ABTOMATH3IHPOBAHHOrO pacyeTa MPOHIBONBHEX
NpOCTPAHCTBEHHLEIX DPA3BETBIEHHHMX TPYOONPOBOOHMX CHCTEM HA CTATAYECEYKR H
OREIAYeCKYi0 MpOodMHOCTh, HA CceAcMAYecKHe BO3NHCTBHA, 3aTaHHLIE CTHeKTPAMH OTBETa H
aKcemeporpaMMAMN, Ha PROpOOPOYHOCTE M8 VCTAHOBHRIINXCH peXHMOR Konefammfi ®  Ha
HEYCTAHOBHBINMEcH [OHHAMHYECKHe TpOmecck B COOTBETCTBHH ¢ TpefoBaHuaMu
meficreyrommx  “Hop  pacdeTa HAa [podHocTh oGOpymoBaHMd H  TpyGONpOBONOE  ATOMEEIX
apepreTHdecknx  yeramonox. ITHAD T-7-002-86". TpyfompoBomHAS CHCTEMA MOXET CONEPEATL
3AMEHYTRIE EOHTYDH, cBoBo[HBIe, MADHWDHO OMEPThE H SAMEMIeHHRIE KOHITH, TMPOMEXYTOUHLIE
omopsl  (MPYEHHHEE, CEONLIAMAE W KATKOBRIE), INHHIOBhE KOMITEHCATOPHI, CTePXHERhE
aneMedTh TPOH3BONRHOrO CeMeHHs H JpYTHE 3NeMeHTHl, XAPAKTepHBIE MAA TpYSoNpoBOLOR
A3BC,

Kommnaexe mporpams ACTPA-ADC cocToRT A3 5 mporpaMMuEnx Monyneln (ACTPA-CTAILL
ACTPA-CEHCM, ACTPA-BHEP, ACTPA-JIHH, ACTPA-TPA®), NMeIOINX eHALIE METOMHYECKHE H
HOPMATHRHEIE OCHOBR!, crocof MOCTpOSHHES PpACYETHON MONENH, COBMECTHMELX [0 HCXOTHRIM
OAIHLM, X 3a0aiio 7 dopMe MpelcTaRIeHHA PeIYALTATOR,

ACTPA-CTALL - pacueT Ha CTATHYECKYH H NHEEINYECKY0 NOPOYHOCTL HAIKO- W
BLICOKOTEMITEDATYPHEIX TpyGompopomor ABC. Jlns omopHRX EOHCTPYEOHE, 3aJanseMEIX B
obfmeff ® MecTHoff cHCTEMAaX KoOpOWMHAT, NpPOROINTCS paOHoHATRHHMA Bubop HX
xapakTepHcTHE. [IpyXAHHLE NOOBECKH MOTYT HMEThE S4JadHLe XAPAKTEPHCTHEH H3
copramenta MBH, OCT ® “crenmpy®nH" HIN XapaKTepPHCTHEH, BLIGpAHILIE MPOrPAMMHO IIVTeM
OTpeneNeHnHd HATPY30E B pafodeM W XONOMHOM COCTOSHHH, CTPYETYPR TNPYREHHHLIX [Memnmed,
HX 33TAXEKH H OCANKH, BOAMOMEH y9eT HAKNOHA NPYRHHHLX NOLBECOE IDH TEMITEPATYPHLIX
nepeMelIeHAAX TpyGomporona. JIna cHeMRANBHLIX NPYXEHH VYHTHIBAIOTCA TAKKe VIIHHEHWS
TAT H H3IMeHeHH: TePMOMEXAHHYWECKHAX XAPAKTEPHCTHE MPYXEHH TpPH HAaTrpeRe.
IMpegycMoTpensl BCe TPAETHYECKEH 3JHAYAMEIE BANL H PeXHAME MPOYMHOCTHEIX pacyeToB HA
HOPMATHEHO perJaMeHTHpPYeMHEE COYETAHHS EBRASHCTATRYSCKHX H MATDONHEIOBHIX
BO3NEfICTBAR: [aBNeHAA, PACOpeleNeHHOA MAcCChl H  COCPeHNOTOMEHHWX  HATPY3OK,
TeMIlepaTypPHOrD HACpeBa TPYGONMpoBONE, CMEMIEHAR ero JamieMIeHHLIX KOHIOB, MOHTARHOTO
pacTHra,

PesyunraTaMB pacdeTa SRISIOTCA TEpeMeniennd (IAHefHie ®  YrUOBHE), pacqeTHhe
UpPHBENEHALIE H IONyCKAEMEIE HANDAXMEHAA BO BCEX DACMETHRIX COYeHHSX YWACTFOR (REm0-
w23 A0 W KONEeHA) H B TPOHMHAKOBHIX ¥3NaX, BRYHCHSHHLIE 10 YUPOMEHHOR W YTOYHeHHON
METOOREAM, CcRToPMe daxTopm (B ofmell H MecTHOR CcHoTeMaX) B 3JaNaHHLIX  CEYeHMAX,
HATRYIEM HAa ofopymopaHmWe (KOHIEBLIE OIOPHI) H ¥3IOK YYACTKOB, A TAKKE §Ha ONOPHLE
LORCTPYEOHH H MPYEHHHLE MogRecKd B pafoyeM H XONODHOM COCTOAHMAX, DeXHMe IHEpo-
HCITLITAHAT, THIT W XAPAKTEPHCTHEN BRIGPANHLX TPYEHHHLY MOIREcOK.

ACTPA-CEHCM - pacuer TtpyGomposomumx chcreM ADC mHa  ceficMiseckse
BOSOCKCTEBAD:  TONBKO  CceMCMWYEcKHX HATPYIOK HIH  CyMMAapHOTO JeBCTRES  [aRTeHH,
cofcTReHOM MACCK! M cefiCMITMECEMX Harpysox, B gavecTee ceficMEMecKoro RoaneficrREd
MOKHCO 3AIJABATE CIEKTPhl OTBETOB W/HOH OTBETHLIE AKCENEpOIPAMMEI  3ISMIETPSCeHHS Ha
OTMeTEe Hp2MNeHHs TPyOONpPOROEA B ONHO- HIN TPeXKOMIIOHEHTHOM pHIe. Maccm  TpyGo-
mpOBOIOR T TEXHONOTHYECEOre oO0ODYNOBAHMA MPENCTARNAIOTCE B DENE  COCPENOTOYSHERX
Mace, MPA2ET2HALIX B 34JAHHRE TOYKH (CeYeHHS) pAcYeTHON CXeMul,

PeayumvaTaMB pacHeTa HRIAOTCH COGCTBEHHBIE YacToTW B hopMul (B Tpefivemom wac-
TOTHOM [EANL3CHE RHTH 3aJaAHHOe YHCNO), THHelHNe ® YTOOBKE NepeMeNléHAS ¥ TpHBE-

r.MoCcKBa ] 2

CEATTOCaTO MK
ICKOR Saiecaum

Puc.1.1 Arrecraunonnsiit nacnopt ACTPA-ADC 6.1
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

IeHNHE HANPAREHAA IPYIOBI (o), B CeHeHHAX CymepsneMenToB ("y9acTEoB"), HArpysEHM Ha
NpyERHHEE MOIBECKH H ONOPHEIE KOHCTPYENMH B paGodeM COCTOSHHH, CANOBHE GaETops B
MecTHOR W ofmed cHcTeMAX KOOPOHHAT (B 3ANAHHEIX TOUKAX), MAKCHMANLHEIE HANPIReHES
B TpofimmEax, Ilpm ofHOBpeMeHHOM 344HAH HeCKONBKHX BADHAHTOR CefCMEMECEHX Bo3med-
CTEHR BOIMOMeH BmOOP MAECHMANLHLIX IepeMelIeHAl, HATpEXCHHA H HArpy3oK IIo BCeM BBe-
MEHHEIM BOSTEACTRRAM.

ACTPA-BHEP - pacuer Ha ERREGPONpOMHOCTE TPYGONpOBONHEIX cHeTeM A3JC;
pOBONATCA CNEKTPANLHLI AHATHS MAPAMETPOR BHHYRIEHHHX YCTAHOBABIIHXCA IETEpMHHH-
pPOBAHHLIX KoneOammil cHcTeMul. CHIOBOE HATPYMEHHE 3aNaeTcd [OA NPOHIBONLHLIX CeHeHHH
CXEMEl B MONHTApMOHAYMECKoM BRIE.

BrmonsAeTcs IBA BAIA PACYETA:

- ompeleNeHHEe NONYCKAEMELIX AMIITHTYD BEOpoTMepeMeIMeHWH (YCHIAA, HATPY30KE HA OIOPH
n  ofopynopaEme) NpH KomebaHmax TPYOONpOROIA TO EAXNOH YYATHBAEMOd cobCTBEHHOR
diopMe H3 YCOOEHS JOCTHREHAS HOTYyCEAEMOro 3HAMeHRA MAKCHMANEHEIMA HATIPANeHFAMA;

- pacYeT MAPAMETPOR BLIHVEISHHEIX YVCTAHOBHEIMMXCH KoNeOaHmit (aMINHTYN, MepeMeIleHn,
HATPY30E A HATPAZKEHHN).

PeaynpraTaMA pacyeTa #ARNAWOTCH coGCTBEHHBIE wWAacToTR ® GopMul (B TpefyeMom wHac-
TOTHOM [HAMTaS0He H/ANH 3aNaHHOS WHCAO), AMINATYAN BRAOPAIHOHHLIX TePeMeIMeHHA W Ha-
fNpaAEennl, MoNycKaeMble  HANPSXEHHS, CHENOBHE GaKTopel B MECTHOM CHCTeEMe KOODIHHAT
N8 EAXIoR cofCTREHHOR MIH BRIHYEIAIOMER TaCcTOThI.

ACTPA-IHH - mnperHa’HaYeHA [OOA pacyeta TpyGompopomumx chcTeM ASC Ha
HEYCTAHOBHBIMHeCS JHHAMHYECEHe Dpomecchl. OnpemensioTcs MapaMeTpsl HeYCTAHOBHB-
MMAXcH  BuAVENCHHLEIX KogeSanmfl, HeoOXommMmie [0d4 oOleHEH BAGPONPOMHOCTH  TpH
HECTANMOHAPHEIX (MepexomHnIX) PpeXHMAX H AHANH3A ABAPANHLIX CHTYAIRA, CBA3AHHHX C
pasprIBaMy TpyGo-MpoBONOE,

CHnoprle Bo3eficTEHS 3404I0TCA B OPOHIBONEHEIX TOYKAX CHcTeMml TpyGompoeoga =B
BRJE BpeMEHHLIX 3ARNCAMOCTEH NARTCHNS H/HIH COCPENOTOMEHHRIX CHIL

PesymeraTaMe  pacdeTa SRAAIOTCA coleTBeHHBIE 4acToTh ®H  dopMul (B TpelyeMoM
YacToTHOM JHAMas0He R/AETH 3alaHHOS YHCHO), MAKCHMANLEHRIE (334 BpeMs BOsHelcTRES)
mepeMermeHnd, YCHNNA, HATPY3KH HA ONOPH H ¥3ILI, AMIINTYILE TPABEIEHALIX HATP AR eHIH.

ACTPA-TPAd - mpenHasHayeHa N8 Tonydenms rpadseckoro  m3ofpamenns
pacdeTHOR CcXeMul TpySompoBONOB HIM ee dGparMeHTa, YTO NWO3BONHET NPOBEPHTH MPARANL-
HOCTH 34NAHHA TeoMeTPHH IHHEE TpyOOOpoRONa, PpasMellleHHd ONOPHMX KOHCTPYEIHE, mpy-
EHHHLIX IOJRECOK, JMeMeHTOBR TPYGONPOBONA C OTONYAKIIAMACH OT YYACTEOBLIX JAHHEIX Xa-
PAKTEPHCTHEAMH,

Bufiop wMacmrraba, pasMepos nHcTa  (QopMAT), BHOA AEKCOHOMETDHYESCKOR MpoSKIAN
MOXET OCYIISCTRIATHCE TONB3OBATENEM HIH TNPOBOOATCA ABTOMATHYecEW. Hiofpamxemme wo-
*eT OGHThH BRIBEIEHO OOFHAPDHOR IRHASH, MOKASKBAIOMIER OCERYI0 IRHMK TpyGoOpoBOmA, AIH
ORORHON IMEHEH, TPH 3TOM NIMPHAEA A300pAMAEMEIX SNEMEHTOR MPONOPIHOHATRHA HAPYRHEM
mmamerpaM Tpyh. [Mporpamma ACTPA-TPAQ mpoR3IBOIHT NeépecHeT BCeX KOODOMHAT B &MMHYIO
CHCTEMY KOOPIHHAT TpyGoNpoBOJa, MNHATHOCTHPYA HECOCTHIKOBEY TpyOOIIpORONOB B MeCTax
HX COeAHeHHHA.

HexomasiMe NAHHBIME CIVEAT ToATOTORNEHHLI ofwnqAnM ofpasoM Halop JaHHEIX 104
MpoBeNeHAA pacdeTa mo mobod B3 mporpaMd Kommmekca ACTPA-ADC ¢ Heoba3aTeNbHbIM
nofapneHEMeM CITACEA MApaMeTPOB, 3ANABIEMOT0 TONBIOBATENEM IUIA IONYYeHHS rpadmdec-
EOT0 B306pAenAs CXEMEI, .

O6nacts mpaMenenns wommmexca ACTPA-ADC - pacdeTsl Ha CTATHYECKYHD M IHEIHYeCc-
EyI0 TIpOMHOCTh, cefcMocTofE0CTh, BREOpPONpOYMHOCTE H Ha HEVCTAHOBHEIIHECS [IHHAMHYEC-
EHe MOpofeccsl NPORIBONLHLIX MPOCTPAHCTBEHHLIX HAIKEO- H  BRCOEOTEMITEPATYPHRIX Tpybo-
OpoBOTHLIX CHCTEM B COOTBETCTEAR ¢ TpeGomammama "HopM  pacdeTa Ha OpourocTs obo-
PYAOBAHAA B TPYGONPOBRONOE ATOMHRIX SHepreTHHecKRX yeTadorok. TTHAD I-7-002-86".

r- MocKkaaga
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Orpapmqenss HA TeOMETPHI) H HA BeNIHYHHR HATPYIOK: CHCTEME! PACCMATPHBAIOTCA
K4K CTepXEHeBLe B NTHHeAHO-YIIPYTHE,

OrpaHAY9eHAS HA TAPAMETPR PAacHeTHOR MOTENH:

1) KomEMecTBO cymepamementoR (“yuacTkor”) mo 200, “"yamos" mo 100, TpofimmEom mo
100, mrHaMPqeckmx cremeHelt ceobomet mo 1500, BRMECHAEMEIX R YYHATHIBAEMEIX CcOGCTBEHHEIX
gacToT ® dopM xomebammft mo 100, nmmma cmexTtpa otBeroR mo 100 Tower, amceneporpamMMEl
mo 600, mpoeEnHA TRHAMEYecKRX cHI (ReTopoB) no 180, xammaa mo 600 Towex mo BpeMeHH;

1) mng EaENoTe CYMEpRNeMeHTA MOXHO 347ATh: KONAYECTBO 3MeMEHTOR ( oTpe3xoB”)
mo 40, TpPYEEHHMX TMONRECOK, ONOPHWX EKOHCTPYEIRA, MOPOHIBONBHO OPHEHTHPOBAHHLIX B
MPOCTPAHCTEE COCPENOTOMEHHBIX CHI,  OTHNHMAIOMAXCA OT "YYACTEOBKIX JHAYeHHR (Hapy=x-
HOro [OHAMETPA, TONMAHEI CTeHEH H/AIR BepTAEANLRHOR COCTAROSIONIER BecOoROW HATPYIKH),
HOTONHATENLALIX MECTHRIX HANpSEeHRA - xo 10, IMHI0BKX KOMITEHCATOPOE N0 3, MOHTAXHEIA
pacTar B ogHOM ToYEe (CeYeHWH), TONATAPMOHAYECKHX CHI IO 30, uwmcmo rapMOHEE B CHIe
mo 50,

3. Ceemenns 0 MeTONHKE.

B mommuexce mporpamMM ACTPA-ABC peannioBaH egHHWE ATTOPHTM PacdeTa TPORIBOIL-
HEX TpYOONMpOBONHEIX CHCTeM (ONpeNeNeHHe NePeMeNIeHHA, HAMPY30K H YCHORA B CeYeHHAX)
KAE OWHeHHO-YTIPYTHX NPOCTPAHCTRCHHEIX MHOTOKPATHO CTATHYECKH HEONpeNelAMBIX CTEp-
HEBRIX CHCTEM. ANTODHTM COYETAET CYNEPRIeMEHTHEIA MOOXON MeToNa MepeMelleHHl, MeTo-
IEl HAYATEHGEX IMAPAMETPOR H MPOroHER (I8 EANOOro HePa3BeTRAEHHOTO CyHepaleMeHTa)
H CTHEETPANLHEIN IMOIXO0N K pelleH 0 TAHAMEIeCKRY JATaY.

VuATeiBaeTCd TOBMINEHHAS ofoNoveuHas NONATINROCTE EpHBonmHefunx Tpy6 (addext
KapMama H® cTecHeHHe OT NPHEMBIEaOINAX npaMeix Tpys). O6omodednHas NoNaTIRBOCTL
TPONHAKEOBLIX COSIRHeHAN He YYHTRIBASTCH,

Tpemme B omopax CKONBEEHAS H KAYeHHS MOTENAPYETCA CHCTEMON SEBABANEHTHLIX
GHETHEHLIX TOPHI0OHTANLHLIX CBH3efl, MXMECTEOCTHEIE XADAKTEPHCTHEH KOTOPHIX
ONpeNeNdioTcd B TCapAHTHPOBAHHO CXONAMMEMcH HTEPAIAOHHOM Npomecce. KpHTepHeM
CXOTNHMOCTH TpONecca SRNSETCS DPABEHCTBO CHNB  TPeHHA  (NMpOH3BeleHHE  BePTAKATRHON
Harpy3EH Ha Ko3bbHMAEeHT TpeHNS) NPOR3IBENEHHI0 MecTEOCTH ¢GHETHBHOM CRASH Ha
rOpPA3OHTANLHOE MepeMelleHHe.

Ocepnle W MIAPHAPHEIE ITRHIOBKE EOMITEHCATOPR! CXEMATHIAPYIOTCAS TPAMONHHERHRIME
aNeMeHTAMHE (OTPE3EAMH) ¢ SEBEABANEHTHHIMH XaDAETEPHCTHEAMH CedMeHHA HA pacTAXeHHE-
CHATHE, CIBAT, H3rA0 B KEpyUsHHE,

Pemenme pesyORTRPYIOMER anrebpaddecKol CHCTEME  YPaBHEHHA paBHOBECHHA  CYTIEp-
aneMeHTHON MolelH (oIpeleleHA: BeETOpa IepeMelIéHHAA B ¥3daX) OpoBOTRTCE JOE  CTa-
TavecEnx samad (ACTPA-CTAL] m mpR onpeleneHHME MaTpHm momatmmeocth (ACTPA-CEHCM,
ACTPA-BHEP n ACTPA-THH) mo cxeMe ERaIpaTHoro EopHs (Xomemgoro) ¢ yHeToM MoToXEH-
TemhHOR ONpeNeNeHHOCTH, CHMMETPAMHOCTH, ONOMHOCTH H pajpeXeHHOCTH MATDRANL  MecT-
EOCTH,

3HaunMEle  cobCTBEHHBIE YACTOTHI H  COOTBETCTEVIOIIHE HM  GopM Eonebannft (B
TpefyeMoOM WACTOTHOM IHATIA30He H/ANH 34laHAOe YHCNO) IHHAMAYECKON MONENH CHCTEMEL,
VUNTMBAEMEIE B pacHeTax mTo mporpammam ACTPA-CEHCM, ACTPA-BHEP m ACTPA-ITHH,
ONMpeNendIOTed W3 pelleNns YacTHOR npobfleMil coGCTBEHHLIX SHAYeHHN OGNOYHRIM MeTomoM
Jlanmomna AAOH MeTONOM HTEpPAIAA TOIMPOCTPAHCTEA (0 BRIGODY TMONB3IOBATENA).

ACTPA-CEACM: pacder nmHefHO-yIIpyTOoro TPySONpoBOmA Ha ceficMEYecKHe Bo3Nef-
CTEHA, 34TAHHLIE TPeXEOMIOHEHTHRIMH CIEETPaMH OTBETOR, NPOBOIHTCA To  ITHHENHO-CIEET-
PANLHOMY METONY; P&CHeT Ha CcefcMOPOMefCTRHA, JANAHHLIE OTBETHRIMH AECENepOrpaMMa-
MH, BRITOTHASTCH MHTEIPEPOBAHMEM YPABHEHHH [BHEEHAA CHeKTPAIBHBEIM MeTONOM © pas-
noXeHHeM Mo cofcTBeHHLIM dopMaM Konebanmi (Mo cxeme JloaMens).

ACTPA-BHEP: npm pacdere Ha BROPONPOYMHOCTE HCHONBIVETCH CHEETPAILHRIN AHATHI
MAPAMETPOB BHIHYEMNSHHLIX YCTAHOBHBIIHXCA NeTepMHHHPOBAHHEIX EomeSammfi cHcTeMnl, Crio-
BOS HATPYEEHHE 34MAeTCH B MOMATADMOHAYECKOM BAMIE.

r« Mocck £
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ACTPA-JIHH: mpm pacueTe Ha HEYCTAHOBHRINHeCS IHHAMAYECKHe TPOMeccH peaTHz0-
BAHA CIEeETPANLHAY MeTONHES PAaCcHeTa HeYCTAHOBHBINMXCH BEIHYAIEHHEIX Eonefammf  mua
OMEHEH BHOPONPOYHOCTH NpH HECTANHOHAPHBIX (MepeXomHMX) pPeEHMMEX H  AHATHIA ABRAPHI-
HLIX CHTYAIAA, CBS34HHLIX ¢ pAaIPHBAMA TPYGONpoBONoB. CHIOBHE BOINeHCTEHS 3aIAlOTCH
B BHI¢ BPeMEHHLIX JARACAMOCTEN MARNeHAS BN cocpegoToYeHHLIX CHI,

4. CeefieHAs o KoHCTaHTaX. BeTpoeHHRIE B TeKcT MporpaMMEl  HIAYECKHE EKOHCTAHTH He
HemombayioTes, Bee ¢M3HEO-MeXanmuWecKkHe, TreoMEeTPHEC-KECTEOCTHHIE W AHEPIHOHHEIE Xa-
PAKTEPHCTHRR 34Mal0TCA HBHO B HCXOMHLIX [AHALIX HIA OepyTcd H3 BCTpoeHHLIX 633 map-

A3 AITHT T3 HTILR ammy - OKB “Tagpompece”,
MO M‘nmmpmmm:n "ﬁmmnepmnpncn AO POCSII, HHLI CTAITHO,
I "Eneprompoert” (Bonrapms).

6. Ocofie ycHOBAS - Tocle BBEeNEHWS B OefCTRHE HOBLIX penakmmi  "HopMm pacyera mHa
OpoYHOCT: 0BOPYNOBAHMA H TPYGONPOBONOR ATOMEHBIX SHEPreTHUECKHX yeTanosok, [THAD
[-7-002-86" ®m (mmm) IOpPYTHX HOPMATHEHO-METONMYECKAX HOKYMEHTOB, PermaMeHTHPYIONTHX
pacueTn HA NpouHOCTh TpySomposomos ABY (PTM  108.020.01-75. IMHAD I-7-008-89, FTM
24.038.08-72, PTM 24.038.12-72, OCTu B TOCTH mo copTaMenTy MPYERRHLY 0II0p), MporpaMMHRIR
EOMIINEEC MOLAeXAT MOBTOPHON aTTeCTAIHE,

Yuennit Cexperaps Copera
Mo ATTECTAIIRA

e Wﬁﬂ/ H.P. ¥ronepa

Tlpencenarent. Cexmmm N9 Copera
oo ATTECTAIIHH

el ¥
/425 M. B. Kammbepra
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CBUAETEJBCTBO

00 O(HIHAIBHON perHcTpanuy nporpammst aas IBM

Ne 2006610288

ITporpammueii kommnexke ACTPA-HOBA
(nporpammbr ACTPA-AIC, ACTPA-TIC, ACTPA-HEMTEXHM,
ACTPA-TEILVIOCETD, ACTPA-MATHCTP)

[pasoobaatarens(im): Jaxpuimoe axyuonepioe obuecmeo “Hayuno-
uccaedogamenvcxuii wenmp Cma/fu0” (RU)

Asrop(u): Berocmouxuii Anexcandp Muxaiirosuy, Boponosa laauna
Apxadueena, Kneney Oavea IOpveana, llomanenxo Anexceii
Jeonudosuu, lhauxuna Anexcandpa Huxonraeena (RU)

Jannka Ne 2005613028

Jlaranocryiaenns 22 Hosn0pa 2005 1.
SAPETHCTPHPOBAND T Pml:rpc nporpams s JBM
12 aneapa 2006 2.

Payxosodumery Pedeparunati cayactine no unmeriexmiyainnon
COOCIMBERROCITIT, MATREHTEMN U TORAPHBLM SHAKAM

BT Civonos
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Puc.1.2 CunerensctBo denepanbHoii Ciryk0bl IO HHTEIUIEKTYaIbHONH COOCTBEHHOCTH,
MaTeHTaM M TOBApHBIM 3HaKaMm 00 odunmanbHoi peructpanmu [IK ACTPA-HOBA
(Bxmrouast ACTPA-ADC) ans OBM Ne2006610288 ot 12 suBaps 2006 T
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1.12 UcTopus pa3Butust ¥ onbIT npuMeHeHus [1C

Bepudumupyemsiit  [1IK  ACTPA-A3C’2009 sBnsieTcss 3aKOHHBIM UM JOCTOWHBIM
npeeMHUKOM nokoJjieHus komiiekca ACTPA-A3C “nonepconanbHoit” 3pel (1976-1989 rr., EC
OBM, VAX/VMS), arrecroBanHoi B ['ocatomuanzope P® Bepcun 6.1 komruiekca ACTPA-A3C
(arrectanmonnslii macnopT Ne 40 ot 21.12.1995 r., Bepcuu nHa EC 9BM, VAX/VMS u [19BM,
puc. 1.2) u pannux Bepcuil yxe B cocrae ACTPA-HOBA (6.2, -99, -2001, -2003, -2005, -
2007).

[IK  ACTPA-A3C’2009 axxymynupyeT 33-Xx JIeTHUH oONbIT pa3paloOTOK U
MHTEHCUBHOM HKCIUTyaTallMM U MHpeAcTaBisieT co00il crenuanu3upoBaHHOE MPOrpaMMHOE
CpPEeACTBO, IPEAHA3HAUYEHHOE JJIsl IOBEPOYHBIX PACUETOB MPOU3BOJIbHBIX MPOCTPAHCTBEHHBIX
pPa3BETBICHHBIX U MPOTSHKEHHBIX TPYOONPOBOAHBIX CHUCTEM AaTOMHBIX JHEPreTHUECKUX
YCTAaHOBOK B COOTBETCTBUHU C TpeOoBaHMsIMM JedcTByromux ‘“Hopm pacuera Ha MpoOYHOCTH
00opy10BaHUs U TPyOONPOBOJOB aTOMHBIX 3HEpreTuueckux ycraHook. [IHAD I'-7-002-86” B
IpOLECCE aBTOMATU3MPOBAHHOTO IPOEKTUPOBAHMSA, MOHUTOPUHIA, PEKOHCTPYKUUU U
HpOJAJICHUs pecypca.

HakormuieH MHOToJIeTHUII 1 MHOTOTPaHHBIM OMBIT IIUPOKOIO BHEAPEHHS KOMILIEKCA U
€ro MHCIOJb30BaHUS B PACUETHBIX HCCIIEOBAHUSAX TPyOOMPOBOAHBIX CHCTEM, BAXKHBIX IS
o6e3zonacHoctu  Kypckoi, Cmonenckod, YepHoOwuibckoi, Jlenunrpaackodt, bunmmnOunckoi,
Konsckoit, 3anopoxckoir, HoBoBoponexckoil, bamakoBckoii, Bonromonckoit, ApMsSHCKOMH,
benosipckoit u Urnamunckoit ADC, ADC “Koznonyit” u “benene” (bomrapus), “Ilaxm”
(Benrpus), “JloBuza” (®uunsunus), “bymep” (Upan), “Kynankynam” (Uunus), “TsHpBaHb”
(Kutaif) u mnpoektoB AC HoBoro mnoxosieHusi. lmerorcs mnonoxxurtenbHble peepeHuun
CHeLMaIUCTOB Benymux 3apyoexsbix ¢gupm Siemens AG (I'epmanusi), EDF (®panuus) u
Westinghouse (CILIA).

3a BpeMs CBOEro CYILIECTBOBaHMs INporpaMMHbiii  kommiekc ACTPA-A9C
UCIIOJIB30BAJICS JJIsl MPOBEIEHUS MPOYHOCTHBIX PACYETOB OrPOMHOrO uucia (10 HEMOIHBIM
OLIEHKaM — HECKOJBbKUX mbicsA4) TPYOONpOBOAHBIX cucTeM ADY B BeAylMX OpraHU3aLUsAX
oTpaciu. Becbma mokasareiabHO, YTO HHM MO OJHOM M3 3TUX CHCTEM HE OBLIO peKiIaMaunuid u
(M) KakMX-TMOO HEIUTATHBIX CHUTyallui, OOYCJOBJIEHHBIX HCIIOJIB30BAaHUEM IMPOrPaMMHOIO

KOMILJIEKCA, YTO SIBJISETCS] CBUJCTEIHCTBOM €T0 HA/ICKHOCTH U KBaTM(PUKALIMHU TOIb30BaTEIICH.

B yactHoctn, 3AO0 HULL Cra/luO npumensio 1K B 1991-2009 rr. npu BbINOIHEHUH
oecamrxose HUP, cpenu xoTopbix (mocneaHue 7 JeT):

1) PacuerHble wuccleqOBaHHUS CTATHYECKOIO U CEHCMHYECKOIO  HaIpPSKEHHO-
1e(OpPMHUPOBAHHOTO COCTOSIHUS CHUCTEMBI ‘‘cemapaTop Mapa - CTPOMTENbHbIE KOHCTPYKIMH W 3
sueprobiioka Kypcxkoit ADC.

2) VYTO4yHEHHBIE pacueTHblE MCCIEIOBaHMUSA HAIPSDKEHHOIO COCTOSIHMS U OIICHKA
CTaTUYECKOM M LUKIMYECKOW MPOYHOCTH TSKENIO HArpyKEHHBIX TPOWMHMKOBBIX COCIUHEHUN
tpy6onposogos KMIIL] ADC ¢ PBMK.

3) PacuerHble wuccienOBaHMA — HANPSHKEHHO-I€(POPMHPOBAHHOIO  COCTOSIHUS U
IOPOYHOCTH  TPYOOINpPOBOJOB U  OOOpPYZOBaHUS KOMIUIEKCOB XojojocHaOxkenus ADC
“Kynankynam” 10pu  JEHCTBUM  CTaTMYECKUX, JIMHAMUYECKUX, yJAapHO-BOJIHOBBIX U
CEHCMHUYECKHUX Harpy30kK

4) VYTO4HEHHbIE pPACUETHBIE HCCJIEIOBAHUS HAIPSDKEHHOTO COCTOSIHUSL M OLIEHKA
CTaTMYECKON M IMKIMYECKONM IPOYHOCTH TSDKEJIO HArpyKEHHBIX TPOMHHUKOBBIX COEAMHEHUM
tpy6omnposogoB KMIIL[ ADC ¢ PEMK

5) PacueTsl Ha CTaTHYECKYyI0 U IUKIMYECKYIO IMPOYHOCTh M Ha CEHCMHYECKHUE
Bo3eiicTBUS TpyOonpoBoaHbix cucteM PJIDC 3 Onoka Kanununckoit ADC B COOTBETCTBUU C
tpeboBanusmu HopMm ITHAD I'-7-002-86.

6) PacueThl Ha CTAaTWYECKyI0 W LMKIMYECKYI0 MPOYHOCTh W HAa CEMCMHUYECKUE
BO3/ECUCTBUS TpPyOONpPOBOAOB, BaXXKHBIX JJs 0O€30HaCHOCTH PEKOHCTPYHPYEMBIX OJIOKOB
Cwmonenckoit ADC, B cootBercTBUU ¢ TpeboBanusmu HopMm [THAD I'-7-002-86.
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7) PacyeTsl Ha CTaTUYECKYIO M LUKJIWYECKYIO IPOYHOCTh M HA CEHCMUYECKHE BO3/EH-
CTBHsI TpYOOIIPOBO/IOB, BaXXKHBIX Uil Oe3omacHOCTH 5-ro sHeprodioka Kypckoit ADC, B cooT-
BETCTBUU ¢ TpeboBaHusiMu HopM [THAD I'-7-002—-86.

8) OmeHka NIUKJINYECKOH MPOYHOCTH TIJIABHBIX MapoONpoBOAOB 3Heprodsioka Nel
Bonrononckoit ADC Ha OCHOBE pacyeTHOIO aHaJIM3a KBAa3UCTATHUECKOIO, TEMIIEPATYpHOrO U
BUOPAIIMOHHOT'O HAIPSKEHHOT'O COCTOSIHUS C YUETOM Pe3yJIbTaTOB BUOPOOOCIe10BaHU.

9) PacueTsl Ha cTaTUYECKYIO U LIMKJINYECKYIO POYHOCTh, HA CEHICMHUECKHE U yIapHO-
BOJIHOBbIE BO3AEUCTBUS TpyOompoBofoB Maciaa u TomumBa PJIDC  sHeproGnoka Ne3
Jlenunrpanckoit ADC B cootrBeTcTBUU ¢ TpeboBanusmu HopM [THAD I'-7-002-86

10) PacueTsl Ha CTAaTHYECKyI0 M ILMKIMYECKYIO NPOYHOCTH W Ha CEeWCMHUYECKUe
BoznericTBus TpyoonpoBoaoB PIIDC nns ADC B coorBeTcTBUU ¢ TpeboBanusimu HopMm [THAD TI'-
7-002-86.

11)  IIporpaMMHO-aNrOpuTMHYECKHE  pa3pabOTKH, pacueTHble  MCCIEA0BaHUS
HaNpsHKeHHO-I€(OPMUPOBAHHOTO  COCTOSIHUS,  HOPMAaTHBHBIE  OLEHKHM  CTATHYECKOM,
UKJIAYECKOH ¥ cedicmmueckold mpouHoctu TpyOompoBomoB I'KC razompoBoma Caxanus-
Xabaposck-BrnaauBocTok

12) Pacuerpl Ha CTaTUYECKYI0 M LUKIMYECKYIO IPOYHOCTh M Ha CelicMHuYecKue
Bo3eiicTBUs  TpyOompoBogoB mutatensHoit Boabl PO, CIluP u CAOP, BaxubIx mns
6e3onacHoctu O10ka 1 Cmonenckoit ADC, B cooTBeTcTBUU ¢ TpeboBaHusimu HopMm [THAD T'-7-
002-86

1.13 XapakTepHble BpeMeHa cyeTa U HCIoJIb3yeMble pecypcsl IBM

Tabnuiia, mpeacTaBIeHHAsT HUXKE, TaeT MPECTAaBICHUE O XapaKTePHBIX BPEMEHAX CUETa
OBM s penieHus HEKOTOPBIX KiaccoB 3anad. Pacuersl nmpoBogumuch Ha [IDBM Pentium 4 ¢
nporeccopom 3.2 GHz, 512Mb RAM.

Tunu4yHoe BpeMs c4eTa, ¢

Crenenb pa3BeTBJICHHOCTH/NPOTsIZKEHHOCTH/c10skHOCTH TC
e Bup pacuyera “Manas” “Cpennsis” “boabmas”
B (MoxyJib) (10 40 C3I, no (10 400 C9I, no (10 4000 CI, no
1600 snemenToB) | 16000 s31emenToB) | 1600000 >;1eMeHTOB)
CraTuka U IIUKIMKa
1 ACTPA-CTAII 1-5 5-100 100 - 2000
CobOcTBeHHBIE
4acToThl U (hopMeI
2 conebarii ACTPA- 2-10 10 -200 200 - 4000
OOPM
CeiicMuka
3 ACTPA-CEJICM 2-20 20 - 400 400 - 8000
Bubpauuu
4 ACTPA-BUEP 1-10 10-100 100 - 1000
JluHamuka
5 ACTPA-JTVIH 2-20 20 - 400 400 - 8000
Pasmepnocts KJ9-monenu geraim
e Buna pacuera “Manan” “Cpennsis’” “Bboapimas”
) (Moxy.n) (m0 1000 y3s108, | (70 10000 y3108B, (10 100000 y3.108B,
10 500 K9) 10 5000 K9) 10 50000 KJ)
YTOYHEHHBII
6 | KD-pacuer neraneit 6-30 60 - 300 600 - 3000
ACTPA-CTAIO
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2. Haznavenue u o6s1actb npumenenns IC

2.1 OtpacneBas “BetBb” ACTPA-A2C 2009 xominekca nporpamm ACTPA-HOBA 2009
npefHa3HayeHa sl aBTOMAaTHU3MPOBAHHOIO pacueTa IPOU3BOJIBHBIX  MPOCTPAHCTBEHHBIX
Pa3BETBIEHHBIX U MNPOTSDKEHHBIX TPYOONPOBOIHBIX CHUCTEM HAa CTATHUECKYI0 U LUKIMYECKYIO
IPOYHOCTb, Ha CEHCMHUYECKUE BO3JICUCTBHS, 3a/laHHbIE CIIEKTPaMHU OTBETA U aKceleporpaMMamH,
Ha BHUOPONPOYHOCTH Ui YCTAaHOBUBIIMXCS PEKUMOB KOJECOAHWA M HAa HEYCTAaHOBHBIIHECS
JMHAMHYECKHE MPOLIECChl B COOTBETCTBUU C TpeOoBaHMsAMH JeiicTByronmx “Hopm pacuera Ha
NPOYHOCTH 00OPYAOBAHUS M TPYyOOIPOBOJOB aTOMHBIX SHEPreTHUECKHX ycTaHoBok. [THAD I'-7-
002-86”.

Cymmupyst MHorouucinensble npeumyuiectBa ACTPA-ADC(HOBA) 2009, wnwmeroiue
Ba)XHOE CAMOCTOSITEJIbHOE 3HAYEHUE, KOHCTAaTHPYEM BIIEPBbIE B OTEUYECTBEHHON NpPaKTUKE
JIOCTUTHYTBIM KaueCTBEHHO HOBBIM ypOBEHb KOMIUIEKCHOI'O aBTOMAaTH3UPOBAHHOIO PAaCYETHOTO
000OCHOBaHUS CTAaTMYECKOW M IUKJIWYECKOH MPOYHOCTH, CEHCMOCTOMKOCTH, BUOPAIMOHHON U
JTUHAMUYECKOW MPOYHOCTU Ha AoCTymHbIX [IDBM: mpybonposoonvie cucmemvr npouszsonvhoii
CNIOXCHOCMU MOJICHO (U credyen) OnepamuHo U MOYHO MOOEIUPO8Amd C UCHONb3OBAHUEM
npeuMywecms peanu308aHHbIX COBPEMEHHbIX UYUCTeHHbIX Mmemodos, Windows- u CAIIP-
MeXHONo2UU, AHATUZUPOBAMb 6 MNOTHOM COOMBEMCMEUU C MPebOBAHUAMU OeUCmEYIOuUX
POCCULICKUX HOPM U ORNMUMUZUPOBAMb NO NPOYHOCHMHLIM KpUMEPUIM, He npube2as K
BBIHYHCOEHHBIM U, 3A4ACMYI0, HEOOOCHOBAHHBIM YAPOUWEHUAM U YMOTUAHUAM.

Tpy6omposoaubie cucrembl (TC) paccmarpuBaroTcss Kak — HPOCTPAHCTBEHHO-
CTepXKHEBbIE (C yuyeToM o0onouedyHbIX 3(P(PeKToB B THOaX-KOJEHaX M OPTOTOHAIBHBIX
TPONHMKAX) ¥ JIMHEHHO-YIIpyTrHe (C BO3MOXKHBIM yueToM 3¢ddekroB Tpenus Kynona u orpeiBa B
oropax).

TC wmoxer comepkaTb 3aMKHYTblE KOHTYpPBI, CBOOOJHBIE, IIAPHUPHO ONEPTHIE U
3alIeMJICHHbIE KOHIIbI, IPOMEXYTOUHbIE OINOpbl (MEpPTBbIEC, NPYKUHHBIE, CKOJIB3SIIUE U
KaTKOBBIE, BKJIIOYAsi OJHOCTOPOHHHE OMNOPHI M JKECTKHUE TATH), JIMH30BBIE U CHIB(GOHHBIC
KOMIIEHCATOPbI, CTEP>KHEBBIE HJIEMEHTHI IIPOU3BOJIBHOIO CEUEHUS U APYTHE 3JIEMEHTHI (BKI0Yast
000pyI0BaHNE U HECTAHJAPTHBHIE ONMOPHBIE KOHCTPYKLMH), XapaKTEpHbIE sl TPyOOIpPOBOIOB
ADC.

3amaoTcd M YyUUTBHIBAIOTCSI B CTATUYECKUX pacyeTax CJEAyIOLIMe Harpy3sku H
BO3AeUCTBUA A pexkumoB HYD (HopmanbHbIX ycioBuit skcrutyaranun), HHYD (mapymenus
HOpMaJIbHBIX yCiI0BUM 3KkcIutyaTanuu), I'U (ruagpoucnsitanuii) u AC (aBapuiHbBIX CUTYalUN):

— BHYTPEHHEE WM BHEIIIHEE JIaBJIeHuUE,

— CTaTUYECKUE CHIIBI © MOMEHTHI B IIPOU3BOJIbHBIX CEUEHUSX,

— pacmpefiesieHHas Harpy3ka o 3-M HallpaBieHHUsSM (BKJIIOYas BECOBYIO OT IPOAYKTa,
MeTaJlJla U U30JISIITUN ),

— paclpelelieHHbli MOMEHT OT HEpPaBHOMEPHOIO IO BBICOTE€ CEUYEHMs Harpepa
(HampuMep, Ipu CTPaTU(HUIUPOBAHHBIX TCUCHHSIX),

— TeMIIepaTypa HarpeBa (OXJIaKICHU),

— TeMIIepaTypHbIE IEPEMELLEHUS OTIOP,

— MOHTQ)XHBIW HATAT (pacTsr).

JUia nuHamMuuYeckux 3a7ad 3aJaloTCsl aMIUIMTYIHO-YacTOTHblE M (MJIM) BpPEMEHHBIE
XApaKTEepPUCTUKH  CEHCMHUYECKMX, BHOpPAlMOHHBIX  (TMIPOAMHAMMYECKUX), HMIIYJIbCHO-
NEePEexXOoIHBIX U aBapuiHbIX (MITA) Bo3aeiicTBHIA.

Kommiekc mporpamm ACTPA-ADC (arrectyemMas dYacThb) COCTOMT W3 /-
nporpamMmubix Moayneii (ITPE-ACTPA, ACTPA-CTAL], ACTPA-®OPM, ACTPA-CENCM,
ACTPA-BUBP, ACTPA-JIUH, IIOCT-ACTPA), uMeoImHMX €IUHbIE METOAUYECKHE U
HOPMATUBHBIE OCHOBBI, CIIOCOO MOCTPOEHUSI PACUETHON MOJIENH, COBMECTUMBIX IO MCXOJHBIM
JAHHBIM, UX 3a7aHuio U Gopme npenacraBieHus pe3ynbratoB, 1 Moaysis ACTPA-CTAANO ans
YTOYHEHHOI'O KOHEYHOZJEMEHTHOI'O pacyeTa TEMIEPAaTypHOIO W HAINPSIKEHHOI'O COCTOSIHMS,
OLIEHOK NTPOYHOCTH JeTanel TpyOonpoBOAOB.
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1) IIPE-ACTPA — wmHOroQyHKIMOHAJIBHBIA  “TIperporeccop”  KOMIUIEKCa,
o0ecreunBaroIuil 1MaJoroBbli MHOTOOKOHHBIN pEXHUM 3alaHus, TeHepaluy U BU3yaIU3aluu
palMOHAIBHBIX MPOCTPAHCTBEHHO-CTEPXKHEBBIX PACUETHBIX MOJIEIEH TpyOOIPOBOAHBIX CHUCTEM
(c BO3MOYKHOCTSIMM MCIIOJIb30BaHMs 0a3 MJaHHBIX [0 MaTepuajaM, OIopaM, NpYyKUHHBIM
NoJBeCKaM W (DIIaHIIEBBIM COCAMHEHUSM, paHee 3aJaHHBIX MOJEJCH, PacCTaHOBKH OIOp H
pacripesieieHle TMHAMMYECKUX CTereHell cBo0o bl ), CBA3b ¢ mpeaplayumMu BepcussmMu ACTPA-
ADC’2009, uMIOPT-3KCHOPT MOJIETEH, MOUCK W OTOOpa)keHHWE KOJUTM3HKM (TIepeceueHm,
KacaHWi U HEJJOIyCTUMO MaJIbIX 3a30pOB TPYO), TTyOOKast AMarHOCTHKA OINOOK;

2) ACTPA-CTAL] — pacyeT Ha CTaTUYECKYI0 U LUKINYECKYIO MPOYHOCTh HU3KO- U
BBICOKOTEMIIEPATYPHBIX (B COOTBETCTBUM C METOJIUKOM, MpuBeACHHONW B [29] TpyOompoBoaoB
ADY. llna «abCoNOTHO KECTKUX» OMOPHBIX KOHCTPYKLUWH, 3a7aBaeMbIX B OOIIEH M MECTHOM
cucTeMax KOOpAHMHAT, MPOBOAMUTCS PALlMOHATIBHBIN BBIOOP MX BBIUMCIUTENBHBIX XapaKTEPUCTHUK,
o0OecrieynBarOMIUX OTCYTCTBHE NEPEMEUICHUM 10 3aJaHHbIM JIMHEHHBIM M YIJIOBBIM
HanpasieHusaM. [Ipyxunnbsie nogseckn copramenta MBH-043-63, OCT 108.764.01-80, OCT
24.125.109-01, LISEGA, “cneunpyxun” BHUIINOT MoryT umerh 3a1aHHbIE XapaKTEPUCTUKU
WIN XapaKTepUCTHKH, BHIOpaHHbIE NMPOTPaMMHO ITyTEM ONpEAETCHUs HArpy3ok B pabouyeM U
XOJIOTHOM COCTOSIHMM, CTPYKTYpPbI IIPYXKUHHBIX IETEeH, UX 3aTSKKA U OCAJKH; BO3MOXKEH y4eT
HAaKJIOHAa TPYXXUHHBIX MOJBECOK IpPH TEMIEpaTypHbIX MepeMelleHusX TpyoonpoBona. s
“crnennpyXMH” YYUTHIBAIOTCA TaKXKe YIIMHEHHUS TSII M H3MEHEHHE TEPMOMEXaHMYECKHX
XapaKTepUCTHK NPYKUH NpH Harpese. [IperycMOTpeHBl BCe MPaKTHUECKH 3HAUYMMBbIE BUIBI U
peXHMBl  MPOYHOCTHBIX pacueToB HAa HOPMAaTUBHO  pEIVIAMEHTUPYEMBIE  COYETAHUS
KBa3MCTAaTUUECKUX M MAJOLMKIOBBIX BO3JCHCTBUIN: [aBJ€HUs, PpACHpEAEICHHOM Macchl H
COCpPEJIOTOUEHHBIX HAarpy30K, TEMIIEpaTypHOro HarpeBa TpyOOIIpOBOAa, CMEILIEHUN €ro
3aleMJICHHBIX KOHIIOB, MOHTQXXHOI'O pacTsra.

PesynpTaramu pacuera ABISAIOTCA NEpeMElIeHUs (JMHEMHbIE U YTIJIOBBIE), pacueTHBIC
NPUBECHHBIE U JIOIyCKaeMble HANpsHKEHUS BO BCEX PACUETHBIX CEUEHUSIX yYacTKOB (BKJIIOYas
rMObl M KOJIEHAa) U B TPOMHMKOBBIX Y3/1aX, BBIUMCIECHHbIE IO YIPOUICHHOW W YyTOYHEHHOMU
METOAMKAaM; CUIOBble (hakTopel (B oOIIed M MECTHOW CUCTeMax) B 3aJaHHBIX CEYEHUSX,
Harpy3ku Ha o0opyJoBaHHE (KOHIIEBBIE OINOpPHI) M Y3JIbl Y4acTKOB, a TaKK€ Ha OIOpHbBIE
KOHCTPYKLIUH, TPYKUHHBIE MOJBECKH U JKECTKUE TSATW B pabodyeM U XOJOAHOM COCTOSHUSX,
pexxuMe TUAPO(ITHEBMO)HUCIIBITAHUM, THIBI W XapaKTEPUCTUKW BBIOPAHHBIX MPYKUHHBIX
HOJIBECOK.

3) ACTPA-®@OPM — 1i03BOJISIET OMPEACIUTL TpeOyeMoe 4uciio (MM B TpeOyemMoM
YaCTOTHOM JMalla30He) HU3IIUX COOCTBEHHBIX 4acTOT M (opM KojeGaHHl TpyOOnpoBOAHOIM
cuctemMbl. Macchl TpyOOIIPOBOIOB U TEXHOJIOTUYECKOTO 000pYAOBaHUS MPEICTABIAIOTCS B BUIE
COCPEIOTOUEHHBIX Macc, MPUBEIEHHBIX B 3a/laHHbIC TOUKU (CEYEHUs) PACUETHOM MOJENIN U B
ceuyeHusi, reuepupyemelie cpeacrBamu mnpernpoieccopa [IPE-ACTPA. Maccel uMeroT 10 mectu
CcTeneHer CBOOOIEI.

Bbruncnennsle  COOCTBEHHBIE 4YacTOThl M (QopMbl  KojeOaHMit MoOryt smbo
HEIOCPEICTBEHHO HCIIONB30BAaThCsl MPH OIEHKE BUOPOMPOYHOCTH (OTCTpOHKa OT pe30HaHca),
mi6o mpumensiorcss mporpammamu ACTPA-CEMCM, ACTPA-BUBP u ACTPA-JVH mnpu
pacyeTHOM aHAJIN3E CEHCMUYECKOMN, BUOPAIIMOHHON U JMHAMUYECKON PEaKIIuu TPyOOpOBOIOB.

4) ACTPA-CEHCM - pacuer Ttpy6GompoBoaueix cucteM ADC Ha ceilicMuuecKue
BO3/ICUCTBUS; TOJIBKO CEHCMHUYECKUX HArpy3oK WIM CYMMapHOro JEHCTBUS JAaBICHHMS,
COOCTBEHHOM MacChl M CEMCMUYECKHX Harpy3ok. B kadecTBe ceficMMYECKOro BO3JACHCTBHUS
MOYKHO 3aJaBaTh CIEKTPbl OTBETOB W/MJIM OTBETHBIE AKCEIEPOrpPaMMBbl 3EMIICTPSACEHHS Ha
OTMETKE KpPEIUICHHUs! TpyOOIpoBoia B OJJHO- UJIM TPEXKOMIIOHEHTHOM BUJIE.

PesynbraTamu pacyera sSBISIOTCA JUHENHHBIE U YITIOBBIE CEHCMUYECKUE TIEPEMELLICHUS U
YCKOpPEHUs, CEMCMHUUYECKUE HAarpy3Kd Ha IpPYKUHHBIE IOJBECKM U OIOPHBIE KOHCTPYKIHH,
MPUBEJCHHBIC HANPSHKCHHUS TPYMNIbl (0y); B CEUYCHHSX CymepaneMeHToB (“ydyacTKoB”) W B
TpOIHMKAaX, CUJIOBbIE (DAKTOPBI B MECTHOM M 001Iell cuctemax koopauHar. Ilpu oqHOBpeMeHHOM
3a/laHUU HECKOJIbKUX BapUAHTOB CEHCMHUYECKHUX BO3/IEHCTBUN BO3MOXKEH BbIOOP MaKCUMAaJIbHBIX
nepeMeIleHH, HanpsHKeHUH U Harpy30K M0 BCEM BBEICHHBIM BO3/ICHCTBHSM.
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5) ACTPA-BHEP — pacuer Ha BUOPONIPOYHOCTH TpyOonpoBoaHbIX cucteM ADC; mpo-
BOJUTCS CIIEKTPAJIbHBIA aHAJIN3 MapaMeTPOB BBIHYKICHHBIX YCTAHOBUBLIMXCS JI€TEPMHHHUPO-
BaHHBIX KosiebaHui cucteMbl. CHIIOBOE HAarpyeHHE 3aHaeTcsl JUIsl MPOU3BOJIBHBIX CEYCHHN
CXEMBbI B IIOJIUTapMOHUYECKOM BHJI€. BhIMOIHSAETCS 1Ba BUJa pacyera:

— ompezeieHue JOIMYyCKaeMbIX aMIUIMTYZA BUOpomepeMerneHui (yCHiuid, Harpy3ok Ha
OTIOPBI U 00OPYIOBAHKE) MPHU KOJIEOAHUSIX TPYyOOIPOBOIA MO KAXKIOW YUUTHIBAEMOW COOCTBEHHOM
dbopme 13 ycnoBUs AOCTIKEHHS JOITyCKAaeMOT0 3HAUYSHHSI MAKCUMAIIbHBIMU HAMPSKEHUSIMU;

— pacdeT mMapaMeTpOB BBIHYXKJICHHBIX YCTAaHOBHMBINUXCS KOJeOaHUH (aMILTUTYx
nepeMenIeHIH, Harpy30K 1 HaIPSKEHU ).

PesynpTaramu pacuera SBISIOTCS COOCTBEHHBIE YacTOThI U (Qopmbl (B Tpebyemom
YaCTOTHOM JlMana3oHe W/WIW 3aJaHHOE YHCIIO), aMIUIUTYAbl BUOPALIMOHHBIX MEpEeMEIICHUN U
HaNpsHKCHUH, TOIMyCKaeMble HANpsOHKeHUs, CUJIOBbIe (DaKTOphl B MECTHOHM CHCTEME KOOpIUHAT
JUTSL KXKII0M COOCTBEHHOM WIJIM BBIHYKIAIOIIEH 9aCTOTHI.

6) ACTPA-/IHH — pacuer TpyOompoBoaHbix cucteM ADC Ha HEyCTaHOBUBIIHECS
TMHAMUYECKHe Tmporecchl. Ompenensiorcss MapaMeTpbl HEYCTAHOBHBIIMXCS BBIHYXICHHBIX
KoneOaHui, HEOOXOAMMBIC M OIEHKHM MPOYHOCTH TPU HECTAIIMOHAPHBIX (IIEPEXOJHBIX)
pEeXMMaxX M aHaIHM3a aBapUUHBIX CUTYallui, CBI3aHHBIX C pa3pbIBaMH TPYOOIIPOBOIOB.

CunoBble TUHAMUYECKHE BO3JIEHCTBUS 3aJAOTCS B MPOU3BOJBHBIX TOYKAX CHUCTEMBI
TpyOOIPOBO/Ia B BU/IE BPEMEHHBIX 3aBUCUMOCTEW AaBJICHHS W/WUIH COCPETOTOUCHHBIX CHIL.

PesynpTaramu pacuera SBISIOTCS AMHAMUYECKUE MEPEMEILICHUS, YCUIIHSI, HATPy3KH Ha
OTIOPHI W y3J1bI, aMIUTUTY/Ibl TIPUBEICHHBIX HANPSHKEHUH I BCEX MOMEHTOB BPEMEHH, a TaKKe
MaKCHUMaJbHbIC 3HaYCHHUS (32 BpeMsl BO3JCHCTBHS).

7) IOCT-ACTPA — “noctnpornieccop’” KOMILIeKca 00eCIeYnBAET CIECTYIONIUE PEKUMBI
paboTHhI ¢ pe3yJbTaTaMH CTATUYECKUX U TMHAMUYECKUX PAcueTOB:

— JMarHOCTUKA TPEBBIIICHUI PAacYCTHBIMHU TapaMeTpaMu (HampsoDKEHUsS, HArpy3Kd Ha
OTIOPBI, B3aUMHBIE NTepeMeIleHus TPyO) KpuTepruaibHbIX 3HAUCHUI

— BH3yalmu3alus TMEpeMEIleHU [UIsi BCEX 3HAYMMBIX JTAloOB pacyera, BKIIOYAS
OTpeNieJICHuEe KOJUTM3MM — HEJOMyCTUMO MaJblX 3a30pOB, KAaCaHWM W IepecedeHud Tpyo B
ne(OpPMUPOBAHHBIX COCTOSTHUSAX;

— BUBYyaJIM3allMsl YCWIMA W HANpsSHKEHHH € OIEHKOW MPOYHOCTH MO HOPMATHUBHBIM
KPUTEPUSIM;

— BU3yalIU3alys Harpy30K Ha OMOPbI U MPYKUHBL;

— aHUMaIMst COOCTBEHHBIX (OpM KoJeOaHuii;

— TaOJUIBl MAKCUMAJIbHBIX MEepEMEIeHNH, HaPSHKEHUH, YCUITUI M HAarpy30K, BEIOOPKH
110 COPTaMeHTaM TpyO, THOOB U TPOWHUKOB,;

— TOJIHBIE TaOJIUIIBI PE3yJIbTATOB pacyuera;

— ¢popMUpPOBAHUE OTUETA,

— COXpaHeHue, IepeuMeHOBaHNE U yaneHue (aiioB pe3ybTaToB.

8) ACTPA-CTA/IHO - mnoxacucteMa, obecrmeunBaromias yrouHeHHbd MKD-pacuer
TEMIEPATypHOTrO M HAIPSHKEHHOTO COCTOSIHUSA, CTATUYECKOW, HMUKIMYECKOM M CEMCMHUYECKOM
IPOYHOCTH CIEYIOUIMX JeTajeil TpyOOIpoBOIOB MpH MOJHON CHUCTEME 3HAYMMBIX HArpy30K
(BHyTpeHHEe [aBJE€HHE, BeC M TeMIlepaTypHble AeQopMallii, oceBas U IONEepeyYHbIe CHUIIbI,
U3ru0A0IINE U KPYTAIINA MOMEHTHI Ha TPAHUIIAX-TOPIIAX):

1) mpotinuxoe OPTOTOHANTBHBIX W HEOPTOTOHAIBHBIX (KOCHIX) pagHaIbHBIX (CBapHBIX,
[ITAMIIOCBAPHBIX, IITAMIIOBAHHBIX W KOBaHBIX, CO CBapHbIMU IIBAMH, HAKIAJKaMHU U
TUIAKAPYIOIIUM CJIOEM);

2) ome0006 (THOOB, KOJIEH) THYTHIX, KDYTOU30THYTHIX, IITAMIIOBAHHBIX U CEKTOPHBIX C
YUETOM JJUTUNTUYHOCTH, Pa3HOCTECHHOCTH (TIEPEMEHHOM TOJIIMHBI CEUCHHS) U MPUMBIKAIOIINX
OpSIMBIX TPYO;

3) Kocbix cmbikos;

4) KOHUYECKUX Nnepexo0os;

5) JMH30BBIX W CHIB(QOHHBIX KOMHEHCAMOPO8 OCEBBIX, YTJIOBBIX W CIBUTOBBIX
(MHOTOBOJIHOBBIX C YYETOM MPUMBIKAIONIUX MPSMBIX TPYO).
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[Moncucrema ob6namaeT AUAIOTOBBIM TaOIMYHO-TPAPUUECKUM IIpe- M MOCTIPOIECCO-
pPOM, MOKET OBbITh CBsI3aHA ¢ 0a30i TaHHBIX THUIIOBBIX AJIIEMEHTOB, TPEOYEeT TUIIb HEOOXOANUMOTO
MUHHMYyMa WH(QOPMAIUN Ui aBTOMATUYECKON T'€HEpaluu ONTUMAIBHBIX MO0 TOYHOCTH TIPO-
CTPaHCTBEHHO-000JI0YEUHBIX (A1 TOHKO- M ‘“‘CPeIHECTEHHBIX 3JIEMEHTOB) U OOBEMHBIX (AJIs
TOJICTOCTEHHBIX JeTalIed U CUCTEMBI “‘“TPyOOIPOBOI-U30SALIHUA-TPYHT ) PACUETHBIX KOHEUHOAJIE-
MEHTHBIX MOJeNiel. BIUUCIUTENBHBIM “SIpOM” CITYKHUT MOIIHBIN BepUPHUIIMPOBAHHBINA KOHEU-
Ho/cymniepanemMeHTHbIN komiuieke CTA/JHO [9], umeromuidi 60raThIil MOCITY)KHOW CIUCOK HCCIIe-
JIOBaHHBIX CIIOKHBIX OOBEKTOB aTOMHOM, TEIUIOBOM M THIPOIHEPTETHKH, PA3IUYHBIX OTpacien
CTPOUTENHCTBA U MAIIMHOCTPOEHHSI.

Pe3ynbrathl pacuera nmpu 3aJaHHBIX COUETAHUIX HATPY30K:

— Y3JIOBBbIE TEMIIEPATYPHI (151 CTALlMOHAPHOM 3a/1a4yl TETJIONPOBOJHOCTH);

— Yy37OBbIe TiepeMelleHHsl (BapHaHT — MpH EJUHUYHBIX Harpyskax — MaTpuia
MO/IATIIUBOCTH);

— 3HAYUMbIE€ KOMIIOHEHTHI NIOJIHBIX HOPMAJIbHBIX U KacaTEeIbHBIX HAIMPSKEHUHN, TTIaBHBIX
HaOpsOKEHUH W TPHUBENEHHBIX (PKBUBAJEHTHBIX MO Tpecka M Mwusecy) HampsbkeHUM Ha
BHYTPEHHEH, CPEIMHHOMN 1 Hapy)HOU nmoBepxHocTIX K3J;

— OLEHKAa CTAaTHYECKOW, IUKINYECKOM M CEHCMUYECKOM MPOYHOCTH IO KPUTEPHUSIM
neiictByromux “Hopm pacyera Ha MPOYHOCTH OOOPYIOBaHHMS M TPYOOMPOBOJIOB ATOMHBIX
sHepreTnueckux ycranoBok. [IHAD I'-7-002-86” [1].

2.2 Ocpanuuenuss no npumeHeHuro TPOTPAMMBbl OINPENEISAIOTCS JMHEWHO-YIPYIron
00JIacCThIO pEUICHHS TMPH MalbIX jaeopManusX W JHHEHHBIX KOJEOaHUSX TPYyOOIPOBOIHOU
CHUCTEMBI.

OcCHOBHbBIE pEaIM30BaHHbIE TUIIOTE3bl: M30TPONMS U JMHEWHAs YNPYrocTb MeTasula
(pusnyeckass IUHEHHOCTH) ©  MalocTh JAedopmanuii-nepeMenieHuii  (reomeTpuyeckas
JTUHEHHOCTB ).

[IpakTHueckue OrpaHM4YeHUs IO PA3MEPHOCTH pEIIAEMBbIX 3a7ad OIpeAesieTCs
pa3smMepaMu JOCTYIHOW ONEPAaTHBHOW MaMATH, JUCKOBOTO IIPOCTPAHCTBA U BPEMEHU cuera. Tem
HE MeHee, IporpaMMa umeeT (popMalbHbIe OTPAaHUYCHHUS PA3MEPHOCTH.

IIK  ACTPA-ADC’2009 wHaknaaplBaeT CIACAYIOIIME €IWHBIE  KOJMYECTBCHHBIC
OTpAaHMYEHUS HA PACUETHYI0 MOJEIb B LEJIOM U KaXKIbl CyNep3JIEMEHT, MO3BOJISIOLINE
CBOOOJIHO aHAJIM3UPOBATH TPYOOIPOBOJHBIE CHUCTEMBI “NPEAENIbHON” CIOXHOCTH (B CKOOKax
MpUBEICHBI COOTBETCTBYIONINE TaHHBIC /Ui paHee arTecToBaHHOM Bepcuu ACTPA-ADC 6.1):

XapakTepuCTHKH JAnana3zoH u3MeHeHUs
Uuco y310B (CynepaieMeHThIX ) 0-4000(1—-100)
Urciio HEpa3BETBICHHBIX CYNIEPAIEMEHTOB 1-4000(1-200)
Uncno “MaTpudHbIX” CynepIJIeMEHTOB 0-4000((-)
Uricio 371eMeHTOB (OTPE3KOB) 1-8000000(2—40000)
Yuciio [MHAMAYECKUX CTENEHEN ¢cBOOObI 1-60000 3 -1500)
Urci0 COOCTBEHHBIX YacTOT U (hopM 1-4000(1—-100)
Uriciio 1aroB MHTErPUPOBAHUS IO BpEMEHU 1-60000 (1 -600)

Hwxe taxke mnpexacraBinensl ocHOBHble orTinuusi [IK ACTPA-A2C’2009 ot panee
arrecroBanHoM Bepcur ACTPA-ADC 6.1.

Crnenupuyeckue OrpaHUYCHUsS, CBS3aHHBIE C HCIOJNB30BAHMEM TEX WM HHBIX
3JIEMEHTOB MPU MPOBEACHUN XapAaKTEPHBIX PACUETOB NMPUBEIACHBI B COOTBETCTBYIOLIUX MyHKTaX
pazaena 5 “O6mero onucanus [IK ACTPA-HOBA 2009 [25].

2.3 B pamkax cBouX BbIYMCIUTEIBHBIX Bo3MOxHOCTeU [IK ACTPA-A2C 2009 mMoxer
MCII0JIb30BATHCA JIJIS1 BHITIOJIHEHUSI KaK MPOEKTHBIX, TAK U AKCILTyaTallMOHHBIX PACUETOB, a TAKKE
CITyHTb ISl BBITIOJIHEHUS JIMIIEH3UOHHBIX pacueToB At 000cHOBaHUA Oe3onacHOCTH OOBEKTOB
UcnonwszoBanust AtomHon Duepruu (OUAD).

2.4 IIporpammubiii koMiieke ACTPA-AIC 3asBisieTcsl K IepeaTTeCcTalii Kak CPeCTBO
BBITIOJTHCHHSI WH)KCHEPHBIX PAcueTOB TEMIEPATyPHOTO U HAIMPSIKEHHO-Ae(POPMUPOBAHHOTO CO-
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CTOSIHHSI, OEHKU CTATUYECKOU, IUKIMYECKON, CEICMUYECKON U TUHAMHUYECKON MPOYHOCTH TPY-
OOIMPOBOIHBIX CUCTEM U JIEMEHTOB-JETalICH.
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Haznauenne u o6nacts npumenenus [1C

OcHnosnble pazimmuns Bepcuu ACTPA-AIC 6.1, arrecroBanHoii B 1995 1.,
u akTyaasHoii Bepcuu ACTPA-ADC’2009

Bo3MokHOCTH/XapaKTePUCTHKH 6.1 2009
Tun 3BM, ocHOBHBIE SI3BIKH IPOrPaMM
II5BM, MS FORTRAN | II2BM IBM-coémecm.,
Tun DBM (He HMXKE), OCHOBHBIE A3bIKK IIporpaMM | VAX, VAX-FORTRAN | Intel Visual Fortranl1
EC, FORTRAN-77 Visual C++
Cocrtas nporpammubix MoayJieid ACTPA-ADC
[IPE-ACTPA,
ACTPA-T'PAD, [OCT-ACTPA,
ACTPA-CTAL,
ACTPA-CTAIL,
- ACTPA-®OPM,
ACTPA-CEUCM, =
ACTPA-CEHCM,
ACTPA-BUBP,
ACTPA-THH ACTPA-BHUBP,
ACTPA-/IHH,

ACTPA-CTA/THO

KoaunuyecTBeHHBIE OrpaHuYCHUsL

[Huci10 y3710B CTBIKOBKU CYNEPIIEMEHTOB

1-100

0—4000

UCJIO CYyNEepPAIIEMEHTOB
(Hepa3BETBJICHHBIX YYaCTKOB)

1-200

1—-4000

IqI/ICJ'IO 9JICMCHTOB B CYTICPIJICMCHTC

2-40

1-400

"III/ICJ'IO JUHAMHUUYECKHMX CTEIICHEeH CBO60I[LI

3-1500

360000

[Uncio coberBenmbIx acToT 1 Gopm

1-100

1—4000

kII/ICJIO [1aroB UHTCTPUPOBAHUS 110 BPCMCHU

1 -600

1—60000

Hywmeparusi cynepaieMeHTHBIX Y3J10B

CIiiomHas

npou3eoJjibHAas

JJIeMeHTHI MOJIeJIH

3aMKHYTbIE CyNepaJIeMEHThI

+

TOHKOCTEHHBIE TPOWMHUKH C YYE€TOM MOJATIUBOCTH
(metomuka PTM 38.001-94, ASME)

+

Bpesku “tpyba-obopynoBanue”
MOJaTJINBOCTHU

c y4EeTOM

[lepexoapl, JUH30BbIE KOMIIEHCATOPHI,
U1 (KPBILIKK), apMaTypa ¢ IPUBOJIOM

¢maHbI,

[Tpyxunnsle onopel copramenta OCT 24.125.109—
01, LISEGA, noCTOSSHHOTO yCHUITHUs

PKecTkue moasecku

OJTHOCTOPOHHUE OMOPBI

Onopsl U TPYXUHBI C 33JaHHBIMH COOCTBEHHBIMU
[epeMELICHUSAMU

KecTkue 3y1eMeHTHI

IMoOMEeHTHBIE KOMITOHEHTBI Harpysok

PacnipeieieHHbII  MOMEHT  OT
HarpeBa Mo BHICOTE TPYObI

HEPaBHOMEPHOTO

MaccoBbsIe MOMEHTEI HHCPUIUHN

Onopsl, HAarpy3Ku ¥ Maccel B y3iax CO-monenu

H+| + |||+ (|| +

MatpuuHble CYNEpANEeMEHTbl [JIsl CTaTUYECKHX U
MTMHAMHAYECKUX 3a11a4 (Kpeiira-bemntona,

(bopMUpOBaHUE U YUET)

+
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Haznauenne u o6nacts npumenenus [1C

Bo3moxkHOCTH/XapaKTepUCTHKHA 6.1 2009
AJITOPUTMBI H IPOrPAMMHAs PeaTnu3alus
BrinonHeHWE  «KPUTUYECKHX»  BBIYUCICHUH U B +
XpaHEHHE MacCHBOB C JBOMHON TOYHOCTHIO
TepaniuoHHBIA — y4eT BO3MOXHOTO OTPbIBA OT OJI- B +
HOCTOPOHHUX UJEAJIbHBIX ONOP U ONIOP TPEHUS
Mrepanuii MOAIPOCTPAHCTBA — PELICHHE YACTHOU + B
MpoOJIeMbl COOCTBEHHBIX 3HAYCHHI
Yyer “mOTepsSHHON” Macchl MO BBICHIMM (opMam 3 +
KOJIeOaHMI MPH CEHCMHYECKOM pacyeTe
“HxeHepHBIH”  y4eT TpeHuss B  oOHopax B B +
TMHAMUYECKHUX pacueTax
YTOUHEHHBIM  pacyeT  TEMIEPATypHOro  IOJI,
cratuyeckoro u ceiicmuyeckoro HJIC Ha ocHoBe
[IPOCTPAHCTBEHHO-000J0YEUHbIX M TPEXMEPHBIX
cxeM MKD, omeHka cTaTHYECKOM, IHMKIMYECKOM H B +
CeiCMUYECKON MPOYHOCTHU JIeTajeil TpyOOIpOBOIOB:
TPOMHHKOB, ruO0B-0TBOIOB, Nepexo10B u
ITMH30BBIX/CHITb(GOHHBIX KommeHcaTtopoB (ACTPA-
CTAINO)
Pe3yabTarsl pacyeToB
JlomycTUMOCTB IepeMeneHu B +
(oTCyTCTBHE KacaHHWil M mepeceueHuid TpyO)
[lepemenieHust B MECTHON CUCTEME KOOpAUHAT — +
J{onmycTUMOCTB HAarpy30K Ha OMOpPbI — +
["epMeTHYHOCTH (DIIAHIIEBBIX COSAMHEHHH (METOINKA B +
PTM 38.001-94)
Harmpsoxenus B JIMH30BBIX/CHUITH(OHHBIX 3 +
komneHcaropax (meroauka PTM 38.001-94)
AHMMaITMs COOCTBEHHBIX (OpM  KoJjieOaHUN H B +
TMHAMHYECKON peaKkIuu
CelicMUYeCKHE YCKOPEHUS — +
Busyannzauuss JUHAMHUYECKHX TMEPEMEIICHUN U B +
HaIpsKEHUN
Pacripenenenne  temmeparyp, — KOMIIOHEHT U
[PUBEICHHBIX HaIpsKEHUU B JeTasIX
TpyOOIPOBOIOB: TPOMHUKAX, rubax-oTBOIAX, — +

nepexoiax u JMH30BBIX/CHIIb(OHHBIX
komriencaropax (ACTPA-CTAJINO)
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3. Onucanue I1C

3.1 B kommiaekce ACTPA-ADC’2009 peanu3oBaH €AMHBII alIropuT™M pacydera
IPOM3BOJILHBIX PAa3BETBICHHBIX M MPOTSHKEHHBIX TPYOONPOBOAHBIX CHCTEM (OmpezaeseHHue
NEepEeMELICHU, Harpy30K Ha ONOpPhl M YCWIMM B CEYEHMSIX) Kak IPOCTPAHCTBEHHBIX
MHOTOKpPaTHO CTAaTUYECKH HEONpPENeIUMbIX CTEpXKHEBBIX CHUCTEM, u3JIO0XkeHHbli B PTM
108.020.01-75 [6] 1 MOaEpPHU3UPOBAHHBIH JIJIS:

1) mOBBINIEHUS TOYHOCTH U  BBIUUCIUTENBHOW 3((eKTUBHOCTH I  CHIIBHO
Pa3BETBIIEHHBIX, IPOTSHKEHHBIX U (MJIM) KOHTPACTHBIX MO XKECTKOCTU CUCTEM;

2) y4eTa Harpy30K M OIOp HE TOJBKO B CEYECHUSAX CYNEp3JIEMEHTOB (Y4acTKOB), HO U B
y37aX COEIMHEHUS CYIEepP3JIEMEHTOB;

3) ydera MOBBIIIEHHOM 000JI04€4YHOM MOJATIMBOCTH TPOHHHUKOBBIX COEAMHEHUH U
BPE30K TPyOOIPOBOJIOB B 000PY/I0OBAHNE;

4) yudera CTEp)KHEBBIX OSJIEMEHTOB IPOM3BOJBHOIO (HEKOJIBLIEBOTO) CEUYECHUS s
MOJICITUPOBAHMSI CIIOKHBIX OIMIOPHBIX KOHCTPYKIMHA U 000PYZ0BaHUS B COCTaBE TPYOOIPOBOAHBIX
CHCTEM;

5) yuera TpeHHUS CKOJBXEHHS M Kauy€HUs B OMOPHBIX KOHCTPYKILHAX, BO3MOYKHOTO
OTpbIBa TPYOOIIPOBOIOB OT HUX (AJI11 OJHOCTOPOHHUX IO BEPTUKAIU OTIOP);

6) pacueTa Ha CeHCMUYECKHE, BHOPAIIMOHHBIC U ITMHAMUYCCKUE BO3ICHCTBHS,

7) ¢dopMupoBaHHMS M ydeTa T.H. MATPUUYHBIX CYNEPIEMEHTOB (PKECTKOCTH, MacC M
Harpy3ok, nporeaypa Kpeiira-bemnrona).

ANropuT™M CcOYeTaeT CyMepaJeMEHTHBIH MOAXO0J METO/a NEepeMELIeHUH ¢ MeToAaMu
HAYaJbHBIX [ApaMETPOB M IPOTOHKH (JUIsl KaXXIOr0 HEPA3BETBIEHHOTO CYIEp3JIEMEHTA),
peanu3yeT CHeKTpaJbHbI MMOAX0A (pa3ioXKeHHWe IO 3HAaYMMbIM COOCTBEHHBIM (opMam
KOJICOAHUH, ONpeAesIeMbIM W3 PEHICHHs YaCTHYHOW TPOOIEeMbl COOCTBEHHBIX 3HAUCHHIA)
JUHAMUYECKOTO aHallu3a, HCMONb3yeT A(PQEKTUBHbIE I1arOBO-UTEPALMOHHBIE IPOLEIYPHI
pelIeHNs HEJTMHEWHBIX 3a/1a4.

3HauyMTeNbHAs YacTh pPEaJM30BAHHBIX UHCIEHHBIX METOJIOB, CXEM M Mporpamm
MOJIHOCTBIO WM C HEOOXOJMMBIMU MOJAM(PUKAIMIMU 3aMMCTBOBaHa W3 ‘“MaTEPUHCKOTO”
YHHUBEPCAJIBHOTO KOHEYHO- M CylepaJeMeHTHoro komiuiekca mnporpamm CTAIIMO [23], ¢
MOMOIUIbIO KOTOPOT'O PEIIEHBI pa3HOOOpa3HbIE, B TOM YHUCIIE IIJIOXO 00YCIOBICHHBIE CTATUYECKUE
U JAMHAMHUYECKUE 3aJaud ‘“‘cBepX OOJBINON pa3MEpPHOCTH Ui MPOCTPAHCTBEHHBIX CHUCTEM,
CYIIECTBEHHO  Ooyiee  CIOXHBIX  (IUTMTHO-O0OJIOUEYHO-CTEPKHEBBIX, TPEXMEPHBIX H
KOMOMHHMPOBAHHBIX ), YeM TPYOOMPOBOIHBIE (CTEPIKHEBBIE).

3.2 [IpenycMoTpeH pexuM cratuueckoro pacuera (3tan 3 pacuera 1, ACTPA-CTAL]) ¢
aBTOMaTHMYECKUM  BbIOOPDOM  XapaKTEPUCTHK  IPYXKMHHBIX  IOJBECOK,  IPOBOJUMBIM
UTEPALlMOHHBIM IIyTEM B COOTBETCTBUU ¢ pekoMeHmauusmu PTM  24.038.12-72 [8].
CxonuMmocTth mporecca (Kak MpaBuiio, 3afaeTcs Kputepuil He Oonee yeM 25-35%-ro ormnuuus
Harpy3oK Ha MpYXHHBI B “paboyeM” U “XOJI0JHOM” COCTOSHHSIX) TOCTUTAETCS 3a 2—4 UTepaIu.

[Ipu omnpeneneHun XapaKTEPUCTUK ‘‘CIEHMATBHBIX MPYKUH YUYWUTBIBAIOTCS TaKKe
YAJIMHEHUS TAT U U3MEHEHHE TePMOMEXaHNYECKUX XapaKTEPUCTHK MPY>KUH IIPH HATrpeBe.

IIpenycMoTpeHa BO3MOXKHOCTh y4Ye€Ta HAKJIOHA TAr NMPYKUHHBIX MOABECOK (YyHPYrux
OlOp) M JKECTKMX IOABECOK, BO3HUKAIOLIEIO IpU TEMIEPATypHBIX IMEPEMEIICHUAX
TpyOONpOBOJA; ISl TOTO TOJIXKHBI 3a/1aBaThCsl paboune JIMHBI TAT MOJIBECOK.

3.3 Tpenue cxonmbxeHus © (MIM) KadeHHS B ONOPHBIX  KOHCTPYKLHSX
HU3KOTEMIIEpaTypHBIX TPyOONpPOBOAOB YUUTHIBAaCTCA B paMkax mojenu KynoHa mo asym
anbTepHaTUBHBIM MeToukam (ACTPA-CTAL]).

ITo meromuke HITIO IIKTU [29] TpeHue yuuThIBaeTCS NMpU IMepexonie U3 padbodero
coctosHuss B XonoaHoe (dtam 3). B pabodyem cocrostHuuM TpyOompoBoga (3Tam 2) K
NEUCTBYIOIIMM KBa3HCTAllMOHApHBIM Harpy3kaM (Bec, JaBJ€HHE, TemIeparypa U [Ip.)
N00aBIISIOTCS] CUIIBI TPEHHUSI, OTIpe/IeIeHHbIE Ha JTarne 3.
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[lo meroauke mHcTUTyTa “T'Mnpokaydyk” [32] TpeHHE yUUTHIBaeTCs NMpU JEHCTBUU Ha
TpyOOIPOBOJ] BCEX HArpyKaromux (akTOpoB OTAEIHHO B paboyeM (3Tam 2) U XoJIogHoM (31ar 4)
coctosiHusAX. Ilepexom w3 pabodero COCTOSIHHMS B XOJOAHOE (pa3Maxul TIepeMelIeHuH W
HalpspKeHUH, 3Tan 3) onpeaensercs Kak pa3HUIla MeXy OXHOMMEHHBIMU (haKTOpaMH 3TaroB 2 U
4.

B ofeux Meroaukax TpeHHE MOAEITUPYETCS SKBUBAJCHTHBIMU YIPYTHMH CBS3SIMH,
KECTKOCTh KOTOPBIX BBIUMCISIETCS B WTEpallMOHHOM IHporecce. Kpurepuem cxoaumoctu
IOPUHATO PABEHCTBO (C OTHOCUTENBbHOW TouyHOCThIO A0 0,1%) mpousBeneHUs YHOMSHYTOH
KECTKOCTH Ha COOTBETCTBYIOIIYIO KOMIIOHEHTY MEPEMEILIEHUI CUIIe TPEHMUSI, T.€. IPOU3BEICHUIO
BBIYHUCIIIEMON HOPMAaJIbHOM peakIy Ha 3a1aHHbIN K03 (DUIIUEHT TpeHUs f,.

JUis yCKOpeHHsT CXOJUMOCTH MpPEeNyCMOTPEH psAJ BBIUUCIMTEIbHBIX MPOLEAYpP, B
YaCTHOCTH, aJallTUBHAs MTEPALMOHHAs cXeMma (YMCIO0 UTepauuil Konediercs, Kak NpaBuilo, B
uHTepBasie 1020 s “npocTeix’” TpyOOIPOBOIOB C MAIIBIM YHCIOM TakuX onop a0 50+200 mis
CJIOKHBIX CHCTEM C OOJIBIIIMM YUCIIOM OIOP TPEHUS).

IIo aHanmOrM4yHOM HWTEPALMOHHOM IPOLEAYpPE YUUTHIBAETCA BO3MOXKHBIA Ompbl6
TpyOOIpOBOJa OT OJHOCTOPOHHUX OIOpP (Ha COOTBETCTBYIOIIMX JTalax BepTUKAJIbHAsS
KECTKOCTb TaKUX OIOpP MPOTPaAaMMHO OOHYJISIETCS).

CoueTtaHue AByX MTEPALMOHHBIX MPOLECCOB AJIi OJHOCTOPOHHHUX ONOP TPEHHS] MOXKET
CYILIECTBEHHO YBEJINYMUTh YHCIO UTEPALIUH, a 111 HEKOTOPBIX HEPAL[MOHAIBHBIX PACCTAHOBOK (C
WHXEHEPHOU TOYKH 3PEHHUA) JaXKe ClIeTIaTh HEBO3MOXKHON CXOUMOCTH C 3aJJaHHON TOYHOCTHIO.

3.4 “YcioBHBIE” KECTKOCTH MPYXKUHHBIX IMOJBECOK (Ha dTame 1 pacdera ¢ BIOOpOM
MIPY’KHH), )KECTKOCTHU “a0COJIFOTHO” KECTKUX OIMOPHBIX KOHCTPYKIIMHA M )KECTKUX MOJIBECOK (TST)
BBIUMCIISIIOTCS aBTOMAaTUYECKH, UCXOIS U3 2-X KPUTEPUEB:

1) obGecnieyeHne ucue3arolle MajlbIX MepEeMELICHUH 10 HalpaBJIEHUsIM YCTaHOBKH OIOP;

2) mnpenoTBpallleHuE YpEe3MEpPHBIX “KOHTPACTOB” B JKECTKOCTSX, BEIyIIHUX K
YXYIUIEHUIO BEIYUCIUTEIBHON 00YCIOBIEHHOCTH CUCTEMBI.

B cooTBeTCTBUM C 3TUMHM KPUTEPUSMU U C BBIUYUCIUTEIBHBIMU SKCIIEPUMEHTAMU
BEJIMYMHA )KECTKOCTHU OIPENIENIAETCS B IPOrpaMMax Kak:

3
10* max (?j sE ,? sE

rae:

E —Mopnyne ynpyrocry,

D —HapyXHBI TUaMeTp TPYOHI,

§ — TOJILIIUHA CTEHKH TPYOBI,

1=0,5(1;_1+1;) —xapaktepHas JyIMHa OCH,

li.1, I; — nTUHBI IPOJIETOB (PACCTOSIHUS A0 COCEIHUX OIOP) C OJHOM U C APYTOM CTOPOHBI
OT JJaHHOM OTOPBI.

3.5 Pemienue pe3ynbTHpYIOIIEH anreOpandyeckoil CHUCTeMbl ypaBHEHMH paBHOBECHUS
CyTepaJIeMEHTHOU Mojenu (onpeesieHre BEKTopa MepeMeleHi B y31ax {U }) MPOBOAUTCS IS
cratudeckux 3amad (ACTPA-CTAL]) u npu ompenenenun matpui] nomatimBoctu (ACTPA-
@OPM) 1no cxeMe KBaApaTHOro KOpHsA (XOJIEKOr0) C YYETOM  MOJOKUTEIbHOMN
OTIpeIeIEHHOCTH, CAMMETPUYHOCTH, OJIOYHOCTH M Pa3pEKEHHOCTH MATPUIIBI KECTKOCTH [K ]:

[K]=[L]]L].
L] {z}={F} .
[Livi=iz}
rnue {F } - BEKTOp Harpy3ok cuctembl. KoahdumenTsl MaTpuibl [K ] U TPeyrojbHON
MaTpHIbl-paKTopa [L] BBIYUCIIAIOTCS € JIBOMHOI TouHOCTBIO. [IpenycMoTpen pexum aHamusa
TOYHOCTH OJIyYE€HHOT'O PEIIEHUS U €r0 UTEPALIMOHHOTO YTOYHEHHUS.
3.6 3Hauumble COOCTBEHHBIE YAaCTOTHl @; (B 3aJlaBa€MOM JMana3oHe JWHAMHYECKOIO
Bo3aehcTBU Q, <@w <), WK 3aJaHHOe KOJIM4YecTBO K/ HM3IIMX) U COOTBETCTBYIOIIME UM
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dbopmbl {(0},— KOJIeOaHWI pacueTHOM NTWHAMHUYECKOW MOJIETH OMPEAEISIOTCS M3 PEIICHUS YacT-
HOM (YaCTUYHON) TMHEHHON anreOpandeckoi 3a1a4u 0 COOCTBEHHBIX 3HAUCHUSX:
[@]=[w’ - " [A]M] ]
rae [d)] = l{(p} j,{(p}ij ,{(z)}j+ KHJ— matpuiia K/ 3Ha9nMBIX COOCTBEHHBIX (hOpM,

6% = (Qf +Q) y2 — samaBaemblii cuBur cmektpa, |[A]= [K -0*M ]_1 — MaTpuna
MOJIATIMBOCTH ISl TUHAMHYECKHX CTEIeHEH CBOOOIBI, [M ] — MarpuIa Macc (IJUHAMHYECKUX
CTETIeHEeH CBOOO/IBI).

Pemenne dvacTHOM mpoOJEMBbI COOCTBEHHBIX 3HAUYEHUWM IPOBOJIUTCS B TIPOrpamMme
ACTPA-®OPM (pe3ynbTathl McHonb3ytotes nporpammamu ACTPA-CEUCM, ACTPA-BUBP u
ACTPA-/IUH) >pdextuBHBIM O109HBIM MeToAOM JlaHmoma [45], MO3BOJISIONIMM ONPEALIISITh
BCE YacTOTHI U (POpPMBI KOJEOAHUN MPOU3BOJIBHBIX PA3BETBICHHBIX M MPOTSHKEHHBIX CHCTEM (B
YACTHOCTH, KPaTHBIC U OJIU3KUE K KPATHBIM).

Martpuiia XEeCTKOCTH CHCTEMBI [K ]MO)KGT VYHUTHIBATH XaPAKTEPUCTUKU OMOp B 2-X
BapHaHTaX:

1) *xecTKOCTH 08ycmopoHnux O6e3 mperus (HOPMaTBHO CTPOTUN TOIXOJ], OTBEYAFOIINAN
OTPaHUYEHUSIM CHEKTPATbHOW JTUHAMHYECKONH METOIUKH);

2) KECTKOCTH OOHOCMIOPOHHUX ONOp € MpeHueM, ONPEACTCHHbIE M3 CTaTHUYECKOTrO
pacueta (ACTPA-CTAL]).

3.7 Pacyer nuHEHHO-ympyroro TpyOONpOBOAa HA CEUCMHUYCCKUE BO3ICHCTBHSI,
3a/laHHbIe TPEXKOMITIOHEHTHBIMH CIIEKTpaMU OTBeTa (YCKOPEHHI) {a(a))}l,z,3, MIPOBOJIUTCA 110

“nuHeitHO-criekTpanbHOMy MeTony” (JICM) peanusoanHomy B mporpamme ACTPA-CEHCM B
CJIeAyIOUIeH MOCIe10BATEIbHOCTH.
3.7.1 ns ka0 i-i yYUTHIBA€MOW COOCTBEHHOM (hOpPMBI KOJIeOaHMIt {(0,.} =12, ...,

KI) onipenensercst MakCUMallbHasi CEMCMUYECKasi Harpy3Ka Ha TpyOOmpoBO

oy eV Jeost@n)
W=l g, )

1
rae cos(E, X ) - BEKTOP HAMNPaBJISIIONIMX KOCUHYCOB CEHCMUUYECKOT0 BO3ACHCTBUA,

a(a),.) - BeJIMYMHA (OpJMHATA) CIIEKTPa OTBETA Ul COOCTBEHHON YaCTOTHI @), .
B o6mem ciydae 3ajamms Tpex cnektpos otseta a,(®), a,(®), a3(a)) 10 TpEM

B3aUMHO MEPIIEHIUKYJIIPHBIM HAIIPABICHUAM

(o M. feosla, )} o, (@)

{s}, =M}, '{’;}r Mo}

3.72 nsa xaxmod - yduuThiBaeMOW (OpPMBI OMpENeNsioTCs CelcMHYecKue

/
U BHYTPEHHHUE CHJIOBBIE (DaKTOPHI {NS }

l

MepeMCUICHUA {US} BO BCCX PACYCTHBIX CCUCHMHIIX,

i
Harpy3ki Ha omopbl W oGopynosamue {P,}, OT CTATHYECKOro MPHIOKEHHS CefiCMUHECKHX
HATPy30K {s},.

3.7.3 OnpenensOTcs pacuyeTHbIC BEIMYMHBI CEHCMHYECKUX MEepeMElIeHUuN {U },

N

o /
BHYTPEHHUX yCUIUN {N K

s

} M HArpy3o0K Ha OIIOPbI U o60pyz[013aHI/Ie {P }
KI 1/2

Ul=>w.)

i=1
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i=l1

a 4yepe3 BHYTPEHHHE YCHITUS {Ns} — TIPUBEJICHHBIC CEWCMUYECKUE HATPSIKCHUS {O‘S} BO BCEX
3JIeMeHTaX (CeUeHUsX ) TpyOOoIpoBoa.

3.7.4 CeiicMuuecKkue YCKOPEHHUS UIsl BCEX CEUEHHMM pPaCHOJIOKECHHUS JTHHAMHYECKUX
CTereHei cBoOOIbI (B TOM YHUCIIE, U TSI CEYCHUN apMaTypbl) ONPEACIISIOTCS B paMKaxX JIMHEWHO-
CHEKTPAIBHOTO pacyeTa Mo CJIEAYIOUIeH BEIYNCINTEIEHON IpoLeaype.

a) ISl KaXIOH i-i yuuThIBaeMOM cOOCTBEHHON (POpMBI KOJIeOaHui {(o}i (=12, ..., Kl

OMpeNeNsieTCss MaKCUMalbHasi CEHCMUYECKHE YCKOPEHHSI B CEUEHHUSAX C JUHAMHYECKUMU
crerneHsMu cBooobl [12-20].

{A}i = {(o}i %pl}T [M ]{(o}i ,

1
rae cos(d , X ) - BEKTOp HANpaBJISIOLUIMX KOCUHYCOB CEIICMHUECKOro BO3/ICHCTBHS,
a(a)i ) - BeJIMYMHA (OpJMHATa) CIIEKTpa OTBeTa JUIsl COOCTBEHHOM YacTOThI @), .

0) ompeensoTcs “UTOroBble” pacyeTHbIE BETMUYNHBI CEHCMUYECKIX YCKOPEHUI {AS }l.

KI 1/2

W= 2

i=l1
3.7.5 JlononaHUTENbHBIE, pErJIAMEHTUPOBAHHBIE HOBOM peAakIueil HOPMAaTHUBHBIX
JIOKYMEHTOB BO3MOXHOCTH CEHCMMUYECKOIO pacueTa — y4eT «IOTEpPsSHHOI» Macchl IO BBICHIINM
COOCTBEHHBIM (hOpMaM, COOTBETCTBYIOIIUM YacToTaMm BbIme 33 I'1.
AJITOPUTM, pean30BaHHBIA B aKTyanbHOM mporpammuoM Mmomyne ACTPA-CEMCM,

~ ~ * v
CBOJIUTCSL K OMPEIICICHUIO TOTIOJHUTEILHON KBA3UCTATUIECKOW HArpy3KH {S }, YUHUTHIBAIOIIECH
~ *
BKJIAJ] BCEX HEYUYTEHHBIX BBICIIMX COOCTBEHHBIX opM Konebanwuii (fi > @ = 33I'm):

s} =IM1n" Ja(a).

rIe:

& ol leos@ ) 1
{77 }_{I} 2{77}1" {77}1' {¢}i {gp}lT[M]{w}l ) {I}_{ (’ )}

U BBI3BAaHHBIX €0 IEPEMELICHUN, HArpy30K Ha OIOPbI, YCHUIUN U HANpPsKCHUN B

cedyeHusx Tpyoomnposoaa [23].
3.8 Jlunamuueckuii pacdyer TpyOompoBoga TO “ruiaTGOpMEHHOM cxeme”’ Ha

ceilicMHuuecKue BOSﬂGfICTBPISI, 3aIaHHBIC OTBECTHBIMU aKCCJICpOrpaMmMamMmu {a (t)}l 5 3 » BBIIIOJIHACTCA

i=

CIIEKTPAJbHBIM METOJIOM C pPaslIOKEHHEM 10 coOCTBeHHBbIM (opmam konebanuii (ACTPA-
CEHUCM). Tlo cxemam Jroamens, HploMapka MIM IHEHTPaIbHBIX pasHOCTEH (IO BHIGOPY
nosib3oBatensi) [34] uHTEerpupyercs mo BpeMeHUu K/ ypaBHEHUH IBMKEHHUS B “‘HOPMaJbHBIX
KoopauHatax’” Z(1):

o} [M]la(o)}

ol Mo},
rone i=1,2,..., K],

{a(t)} — BEKTOp 3aJIaHHBIX (B 00ILIEeM CiTydae - TpeX) KOMIIOHEHT aKceJIeporpamm,

20+ 280,20+ 07,0)-

&, — xoaddurnment neMndupoBaHus B AOISAX OT KPUTHYECKOTO (IIPH OTCYTCTBUH

IKCMIEPUMEHTANIBHBIX TaHHBIX puHUMaeTcs &, =0.02 [1]).
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B pesynbrare pacdera (MHTETPUPOBAaHUS 10 BPEMEHH) OIPENENSIOTCS CEHCMUYECKHe
HIepeMeIIeHHs U HANPsDKEHHS B 3aJJaHHBIX CEUCHHSX, MAKCUMaJIbHbIC 32 BCE BPEMsI HHTETPHPO-
BaHMs. Tarxke ONpeneNsroTcs MaKCUMaJIbHbIE Harpy3KH Ha MPYKHUHHBIC TIOJIBECKH H MIPOMEKY-
TOYHBIE ONOPHI, 000PYJOBAaHHE M CTPOMTENbHBIE KOHCTPYKIMH. [lo 3ampocy monb3oBarens Mo-
TYT TaKXX€ BBIJABATHCS BPEMEHHBIC 3aBUCIMOCTH MCKOMBIX MapaMeTpoB (B TaOJIMYHO-YHACIOBOM
U rpadudeckux Gopmax).

Bennuuna mara uHTerprpoBaHus Af BEIOMpAETCS U3 YCIOBUS

At =min{T,, At /n}
rae  At, —mar qudpoBKU aKceIeporpamm,
T, =2r/w,, —nepuon (c) KI-it coOcTBeHHON (HOPMBI;
n=1 — npu MasoM mare nuppoBku (0oxee 6 TOYEK Ha XAPAKTEPHBIH MEPUOT
akcesjeporpamm), n =2+ 6 — npu “rpy6oit” nudposke.

3.9 CrnekrtpanbHblil pacyeT MapaMeTpOB YCTAHOBUBIIMXCS BBIHYXKICHHBIX BHOpamuii
(mepemenieHni, HaNPsHKEHUH M HAarpy30K Ha “Ormopsl”) TPyOOIPOBOAOB C JIMHEHHO-YNIPYTUMH
CBSI3IMU TIPH JCTEPMHHUPOBAHHOM CHJIOBOM HArpyKCHUHW, 3aJaHHOM Ui TIPOU3BOJIBHBIX

CeUeHMI cTep)KHEBOH Mojenu (C 00s3aTeIbHBIM PACHOI0KEHUEM MPUBEICHHON Macchl B 3TOM
CEYEHHHU) B OJIUTaPMOHUYECKOM BHJIE:

J
{F(t)} - Z ({F}Cj cosdt+ {F}Sj sin th)
j=1
IIPOBOAMTCS 10 AJITOPUTMY (CM. HUXKE) peann3oBaHHOMY B niporpamme A CTPA-BUBP.
3.9.1 AMIuTY A6l BUOpOTIEPEMEIICHU I {U }j JUISL K&K/I01 BO30YKIatomen 4actoTsl 6,

BO BCCX CCUCHUAX PACIIOJIOKCHUSA MACC OIIPCACIIAIOTCA 110 CIACAYIOIIHUM 3aBUCUMOCTAM:
/2
v}, =y, +wy.)
& F o\ =0 F;6,0,0,
{U}f"_z (j(z 2)) jz 2
o] -0, +4& o] 0;

i

(/)}i

k. F, ( —6?)+2F, &m0,
)2+4§ w;0;
F,= { AR} IM

F, ={p}i {F}, /M

={p}/ [M ]{co},»

3.9.2 PacuerHble aMIUTHTYIbI Bn6p0nepeMeLueHH171 {U } ; BO BCEX HWIIM 3a/IldHHBIX

CCUCHUAX CynCpBHeMCHTHOf/'I MOACIIN ONpPCACIAOTCA PCUICHUEM CTaTUYECKOM 3agadyu oOT
HeﬁCTBHﬂ MNPUJIIOKCHHBIX HMHCPHHUOHHBIX HAI'PY30K (B MCCTAaxX pPacCIOJIOKCHUA ITUHAMHWYCCKUX

creneneit ceobonbl) {F, =67 [M U}, .

J
3.9.3 Jlanee mo 3HaueHmAM BHOpomepememenmii (U} ; ONpEIEINSIOTCS  aMILTHTY bl

CHJIOBBIX ()aKTOPOB {N '} ;> @3aTEM - aMILIUTY bl IPUBEACHHBIX BUOPOHANPSIKEHUI {O'aF }j .

3.9.4 M3noxxeHHass METOAMKA IO3BOJISIET Y4€CTh U KMHEMaTHYeCKOe M BHOpPAIMOHHOE
BO3/ICUCTBHS Ha Psiji ceueHuil (omop, maTpyOKOB M CTPOUTENBHBIX KOHCTPYKIIHIA) TpyOompoBoaa,
3aJJaHHbIC B BUJIE MOJTUTaPMOHNYECKUX NTEPEMEILEHUN:

J
U)) = Z({U}Cj cosf, + {U}s_,- sin ﬁjt)
j=1
JI1st 5TOro B yKa3aHHBIX CEYECHHSIX PACUETHOM CTEPKHEBOW MOJEIN yCTaHABIMBAIOTCS
(GUKTUBHBIE CBSI3M OOJIBLIOW JKECTKOCTH Kk —> 00 IO HalpaBJICHUSM KUHEMaTHUYECKOTO

BO3IICI>'ICTBH$I 1 3a1aCTCsA SKBUBAJICHTHOC CUJIOBOC BOSI[CI\/JICTBI/IG C mapamMeTpaMu:
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{F}cj :k{U}Lj a {F}sj :k{U}sj
3.10 CunexTpaibHbIi JAMHAMUYECKUMH pacdyeT HEYCTAaHOBUBIIMXCS  KOJI€OaHMM
TPyOOIPOBOJHBIX CUCTEM C JIMHEHHO-YIPYI'MMHU CBSI3IMH IPU HPOHU3BOJIBHOM JAMHAMHYECKOM
Harpy>KeHuu {F (t)} MPOU3BOAUTCS MO AITOPUTMY, peanu3oBaHHOMY B mnporpamme ACTPA-
JIMH. Anroputm crnexyer cxeme ACTPA-CEMCM ¢ TOYHOCTBIO 10 3aMeHBI CeHCMHYECKOil
Harpy3Ku [M ]{a(t)} Ha CHJIOBYIO JUHAMHYCCKYIO {F (t)}

3.11 B akryansHoii Bepcun ACTPA-ADC meton cynepanementoB (MCD), n3BeCTHBIM
TaKkKe KaK METOJ MOJAKOHCTPYKIIMH, pealn30BaH TaKKe I TMOCTPOCHHUS PEAYIMPOBAHHBIX
MaTpHUIl BIUSHUS CHCTEMbI WM y4eTa 3TUX MATpHI] MpU cylepaieMeHTHoU cOopke. KiroueBoit
npouenypor MCD sBnsercs craTudeckas KoHAeHcanus [63] — HUCKIIOYEHHE BHYTPEHHHX

CTerleHe CBOOOIBl MOIKOHCTPYKIUHU {ui}, — TPUBOMSAIIAS HCXOAHYIO OJOYHYIO CHUCTEMY
YpaBHEHUU PaBHOBECHUS:

Kii Kib ui E
Kbi Kbb u F

b
K PpELyLMPOBAaHHOW CHCTEME OTHOCHTENBHO KOMIIOHEHT BEKTOpPAa TIPaHHYHBIX
HEM3BECTHBIX {l, }:

b

[K1iu,} = {F),
we [K1=[K,, 1~ [K, 1K, 1"[K, 1.
(Fl = {F} ~[K, 1K, {F}.
PCI[YI_II/IpOBaHHLIC MaTpHUuIlbl []?] nu {F} I/IMHOpTI/IpyIOTCSI—BKCHOpTI/IpyIOTC}I qyepe3

TEKCTOBBIC (hailiibl, opMaAT KOTOPHIX YUYUTHIBAET ONOUYHO-TUATOHANBHYIO CTPYKTYpPY [K ], a

Takke uepe3 ouHapusie daitnbl ctpyktypsl [IK CTAIUO u ACTPA-ADC’20009.

3.12 Peanu3oBaH TakXe aJrOPUTM METOJA AMHAMUYECKOTO CHHTE3a MOAKOHCTPYKIIUM.
MeToapl AMHAMUYECKOTO CHHTE3a MOJKOHCTPYKLHUNA MOXHO KJIAcCU(UIMPOBATH MO CHOCOOY
BbIOOpa 0a3uMCHBIX BEKTOPOB MeToaa Penes-Putina aisg moakoOHCTpYKIUM W MO CHOCOOY HX
CTHIKOBKHM. Yame Bcero B KadecTBe Oa3uca I TMOAKOHCTPYKIMI HCIIONB3YIOTCS €€
coOcTBeHHBIE (POpPMBI KONEOaHUI TpU ONMpPENEIeHHBIX TPAaHUYHBIX YCIOBUSX: [64, 65] — mus
3aKPETUICHHOW T'paHuIlbl, [66] — sl cBOOOIHON TpaHuIlbl, [67] - IJIs YaCTUYHO 3aKPETUICHHON
TpaHUIBl  MOAKOHCTPYKUMH. W3 Tpex pacCMOTpPEHHBIX BapUAHTOB MeTojAa Hauboiee
IPEANOYTUTENBHBIM, C BBIYMCIUTEIBHON U PEaJu3allMOHHOM TOYEK 3PEHMs, SBJIAETCS NEPBBI,
UCTIONB3YIONINI (popMBbl KOoJIeOaHMI OCHOBHOM CHCTEMBI MeToja nepeMenieHuii. [Ipu stom, ans
YIPOILUEHUSI CTHIKOBKHM MOJKOHCTPYKLIMM W JJIs IMPABWIBHOIO y4eTa X KECTKMX CMEUICHUH U
NepeMEeIIeHI TPaHWYHBIX TOoueKk O0a3uc u3 (opMm KoyneOaHUi 1ernecooOpa3HO JOMONHUTH
HabopoM cratndyeckux (yHKIUN (GOpMBI CynepaIeMeHTOB, Kaxkaash U3 KOTOPBIX MPEACTaBIsET
coOOM BEKTOp YNPYIrHuX TMEPEeMEIIEHUN Y3JI0B MOJKOHCTPYKIMHU, BBI3BAHHBIX €JIMHUYHBIM
CMEIICHUEM [0 HAIpPAaBJIECHUIO COOTBETCTBYIOLICH (DMKTUBHON CBA3M AJII OCHOBHOM CHCTEMBI
METO/A IePEMEILECHUN.

Haubonee mnomynspeH peaan30BaHHBIH B yHUBEpPCaIbHBIX ‘‘Kommepueckux’ [IK
(NASTRAN, ANSYS, ADAMS,...) ynomsnyTsiii noaxon Kpeiira-bemnrtona [64], cBoasuuiics
K IIOCTPOCHUIO PEIyIUPOBAHHBIX MATPHUI] )KECTKOCTH M MACC

T KCC 0
K=ol ol "o .
~ o _MCC MNC

)= foY ol g 0,

rac:
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/ 0

o=
[ ] D, Dy

2

() ,c— TEpEMEIEHNs. BHYTPEHHHUX CTeneHel cBoboasl CO as 3aJaHHBIX €JMHUYHBIX

ePeMELICHHIT TPaHMYHBIX (CTHIKOBOYHBIX) y310B, P — mepemenieHns BHyTPEHHHX CTEIEHEH

CBOOOBI, COOTBETCTBYIOIINE COOCTBEHHBIM (opMaM KoJeOaHUW MPH OTPaHUYCHHUH CTENeHen
cBOOOBI (3a/1€7TKE) TPAHUYHBIX y3JI0B.

[IporpammHuasi peanim3zaiusi MAaTPUUHBIX omepanuii Ipu (HOPMUPOBAHUH [K ] u [M ] (m
pPEAYLMPOBAHHBIX BEKTOPOB HArpy30kK {F }) B OCHOBHOM TIIOCTpO€Ha Ha CTaHIAPTHBIX
nporeaypax, coaepxkamuecs B moayisx I[IK. He Bctpewaer kakux-nmubo TpyIaHOCTEH, cremys
KAaHOHUYECKOW KOHEUYHO(CYIIEp)3JIEMEHTHOU COOpKe, W yYeT [K], [M ] u {F } B 0O0mIei

CyIEPIJIEMEHTHON MOJIEIIN.

MmopT-3KCnoOpT MaTpull OpraHU30BaH 4epe3 TEKCTOBbIE (ailibl, GopmMaT KOTOPBIX
YYUTHIBACT OJIOYHO-IUATOHATBHYIO CTPYKTYpY [K ] ¥ 3aroiHeHHyI0 CcTpyktypy |M|. B
yacTHOCTH, noanepkubaercs popmar [IK NASTRAN.

Taxxe (HOpMHUPYIOTCS, XpaHSATCS U JOCTYIHBI OMHApHBIC (allibl ¢ [K ], [M ] u {F } ,
cTpykrypa koTopsix coorBeTcTByeT IIK CTAIMO u ACTPA-HOBA.

3.13 “UccnenoBarenbckas” MOJACUCTEMA IMPOTPAMMHOIO KOMIUIEKCA MPOYHOCTHBIX
pacuetoB TpyOonpoBoaHbIX cucteM — ACTPA-CTA/{HO — nonHocTthio coBmecTumasi ¢ ACTPA-
ADC’2009 (SKCOPT TEOMETPUUYECKUX XapaKTEPUCTUK, (PU3UKO-MEXaHUYECKUX CBOMCTB U
HArpy30K, HUMIOPT YTOYHEHHBIX HANpPSDKEHUH U MaTpUll SKECTKOCTH/TOIATIUBOCTH),
oOecreurBaeT YTOYHEHHBIM pacueT Mo MpPOCTPaHCTBEHHO-000J0UYEYHBIM U OOBEMHBIM CXEMaM
MeToJa KOHEYHbIX 3neMeHToB (MKD) nampspkenno-nedopmupoBannoro coctosuus (HAC) u
IPOYHOCTH CJIEAYIOMIUX TSDKENO Harpy>KeHHBIX 3JIEMEHTOB TpPyOONpPOBOAOB IpH JAEWCTBUU
MOJIHOM CUCTeMbl KBAa3MCTAaTUUYECKMX HArpy3oK (BHyTpEHHee NaBJ€HHE, BEC U TeMIlepaTypHbIe
nedopMaIuu, oceBas U MOMEPEYHbBIC CHIIbI, U3TUOAIOIINE U KPYTSIIMA MOMEHTHI Ha TPaHUIAX-
TOpIax):

1) mpotinukog OPTOTOHANBHBIX paJUaIbHBIX (CBapHBIX, C HAKJIAJKaMH, C
IUTAKUPYIOUIUM CIIOEM, IITAMIIOCBAPHBIX U IITAMIIOBAaHHBIX);

2) omeo0os (TuOOB, KOJIEH) THYTBIX, KDY TOU30THYTHIX, INITAMIIOBAHHBIX U CEKTOPHBIX C
Y4eTOM JIUITUITUYHOCTH, PA3HOCTEHHOCTH (IIEPEMEHHON TOJIIMHBI CEYCHHSI) U MPUMBIKAIOIINX
HPSIMBIX TPYO, KOCBIX CIMBIKOS;

3) KOHUYECKHX nepexo008(HUK08) KOHIEHTPUUECKUX U C IKCLHEHTPUCUTETOM;

4) nUH30BBIX M CWIB()OHHBIX KOMNEHCAMOpPO8 OCEBBIX, YIJIOBBIX M CHBHI'OBBIX
(MHOTOBOJIHOBBIX C YYETOM IMPUMBIKAIOLIUX MPSIMBIX TPYO);

[MoxcucreMa akKyMyJIHpPYeT MHPOBOW M COOCTBEHHBIN 33-JI€THUI OMBIT pa3paboTUYNKOB
[1 - 12] no aHaimM3y CIOXHOTO MPOCTPAHCTBEHHOTO PACHPEACIICHUS IEePEMEIICHUH,
negopManuii U HamNpsHKEHUH B JETasAX, ONPEIENSIOUIMX MPOYHOCTh BCEW TPyOONpPOBOAHOM
CUCTEMBI, B 000pYy1I0BaHUH, CTPOUTEIBHBIX KOHCTPYKIHSIX U COOPYKEHUSX.

[Moncucrema o6naaeT qUATOTOBBIM IIPe- M MOCTIPOIIECCOPOM, MOXKET OBITh CBsi3aHa C
0a30if NaHHBIX TUIOBBIX DJIEMEHTOB, TPEOyeT JIMIIL HEOOXOJUMOT0 MHUHMMyMa HH(pOpMaluu
JUTSE aBTOMATHYECKOW TeHEepAIMi ONTHMAIBHBIX 110 TOYHOCTH MPOCTPAHCTBEHHO-000JI0YEUHBIX
(11 TOHKO- M “‘CpPEJHECTEHHBIX’ 3JEMEHTOB) U OOBEMHBIX (IJISI TOJICTOCTEHHBIX JeTayiei)
pacyeTHBIX KOHEYHODJIEMEHTHBIX Mojesield. BbluuciauTenbHbIM “SApoM™ CIY>KUT MOUIHBIN
BepU(DUIIMPOBAHHBIN KOHEUHO/CynepaaeMeHTHbIN koMiuieke CTA/[HO [23], umeromuii 6oratelid
MOCIIYKHOM  CIUCOK  HCCIEJOBAaHHBIX  CIOXHBIX OOBEKTOB aTOMHOM, TEIUIOBOM U
TUAPOIHEPTETUKH, PA3JINYHBIX OTPACIEH CTPOUTEIBCTBA U MAIIMHOCTPOEHHUS.

[IpenycMoTpeHs! ciieyIoIue BUbl PacCueTOB:

— CTalMOHapHAas 3a7ja4a TEIJIONPOBOIHOCTH;

— pacuet H/IC u npouHocTy;

— KOMOMHHPOBAHHBIN pacyeT (omnpezeseHue TeMIepaTypHOro Mo U UCTIOJIb30BaHUE
€ro B KauecTBe TeMIlepaTypHoi Harpy3ku ais onpeaenenus HIC);
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— (hOpMHUPOBAHKNE MATPHUIIBI )KECTKOCTH JI€TaHU (IJIEMEHTA).

OCHOBHbIE pPEATU30BAHHBIE THIOTE3bl: M30TPONMS M JIMHEWHAs yNpPYyrocTh MeTajuia
(pusmueckass JUHEHMHOCT) U MaJOCTh JedopManui-niepeMenieHnid  (reomeTpuyeckas
JIMHEUHOCTH ).
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4. Onucanue PACYETHBIX CXEM U T€COMETPHYECCKUX Moaeaen

4.1 IIpou3BoabHBIA pa3BETBICHHBIH TPyOONpPOBOJ, COAEp KallMii, B 00lIEeM ciydae,
TPOMHUKOBBIE y3JIbl, 3aMKHYTHIE NETIIH, 3aI€MJICHHbIE U KOHCOJIbHBIE KOHIIbI, pACCMAaTPUBAETCSA
KaK IpPOCTPAHCTBEHHAs CTEp)KHEBAasi CUCTEMa, >KECTKOCTb HEKOTOPBIX 3JEMEHTOB KOTOPOM
(OTBOABI-TUOBI-KOJICHA, TPONHHKOBBIE COCIWHEHUS, JIMH30BbIE KOMIIEHCATOPHI U Ap.)
ompenensiercss u oOosodeyHbiMu dPdektamu. CucremMa COCTOUT W3 MPOCTPAHCTBEHHBIX
HEPa3BETBJICHHBIX cymnepaieMeHToB (CD) — “yuacTKOB”, KaXAbl M3 KOTOPHIX HaOupaercs, B
CBOIO OYepeab, M3 MPSIMO- M KPUBOJIMHEHWHBIX CTEPKHEBBIX OJJIEMEHTOB — “OTpPE3KOB’.
CynepaieMeHTbI-y4acTKH COEIUHAIOTCS B y3i1axX cynepaieMeHTHOH monenu (COM); yznamu
COM sBnIOTCSI TPOWHUKOBBIE Y3JIbI, KOHCOJIbHBIE KOHIBI ¥ CEYEHUSI Ha IPSIMOJIMHEMHBIX YacTsIX
TpyOONpoBOJa, MPUYPOUYCHHbIE K HM3MEHEHHIO (U3MKO-MEXaHMYECKUX XapaKTEePUCTUK H/WIN
Harpys3oK (JaBjeHHe, TEMIEepaTypa).

4.2 OcHoBHbie deMenThl pacueTHO ACTPA-monenu tpy6onpoBoanoii cuctemsl (TC)
IpeJICTaBIeHbI HIKE B Tabmue 4.1.

Tabnuua 4.1
OnemenTsl (netanu) pacyetHolt ACTPA-monenu
H3o06pakenue
P OneMeHT Ommcanue/
No oceBas
3D Mmozenn ACTPA-Mozaenu | mpuMedaHue
MOJIEIb
Orpannuenu
€ Bcex
3ameMisronas o
JIMHENHBIX U
1. omnopa
YTIIOBBIX
(mepTBas)
nepeMenieHI
i
. OrpannueHu
= HenoasmxHas
€ BCeX
oropa .
2. 1 . JMHEWHBIX
(HemoABM>KHBII
nepeMenieHn
IapHUp) N
i
Orpanuuenu
e
Omopa
BEPTUKATHHBI
3. CKOJIb)KECHHUS / N
KaueHHS
nepeMenieHn
|
OrpanunueHu
e
) \\ Hanpasnsironast | BepTUKaIbHbI
. \ oropa X 1 OOKOBBIX
nepeMenieHl
i
OrpanunueHu
e
5 Kecrkas [IepEMEILCHU
) IIOJIBECKA U
BEPTUKAIHHO
BHU3
[IpyxunHas
by ITonBecka Ha
6. MOJIBECKa OILHOMN TSTE
(OCT, MBH, A
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Omnncanue pacyeTHBIX CXE€M U TEOMETPHIECKHX MOeneit

N306paxkenue
P DneMeHT Onucanne/
No oceBast
3D monens ACTPA-monenu | nmpumedaHue
MOJIEITb
CIIELIIPYKHUHBI, ITonBecka,
MOCTOSTHHOTO uMeronas
YCWIIHS, TIOJTb- TIBE WA
30BaTelIs) OoJiee TAT.
Konkpernsii
BU/I OTIOPBI
7 Omnopa o6miero 3aBHCHT OT
' BUJA 3aJlaHHBIX
XapaKkTEepUCT
UK OTOPBI
Bocnpunuma
€T TOJIBKO
8. . AmMopTHu3aTop
JTUHAMHYECK
ue Harpys3Kku
3D-monens
OoTpaxkaer
9. [Ipsimas TpyOa peanbHbINA
: TUaMETp
TpyOB!
Brigensercsa
OT CEUeHUs
Hayana
BCTaBKH
0TBOJA JI0
&-ae CCUCHHUS €T0
KOHIIA.
OtBO
10. A HNwmeer
(Tub, KONEHO)
CeUeHUe
I CepeaNHbBI
ruba
(BcTaBmseTcs
MporpaMMon
aBTOMAaTHU4eC
KH)
o Brinensercs
TpoliHuk
. I[BETOM OT
(cBapHoit, ¢
y37a J10
11. HaKJIagKaMu,
. CepeIHbI
[ITAMITIOBAaHHBIMH, N
) 0N KanIero
" OTpEe3Ka.
. Komnencarop Komungectso
12 (TMH30BBIH, ro¢poB Ha
' CUIb(OHHBIN,... | U300paKCHH
) U — YCJIOBHOE
Pasme
[Tepexoa(Huk) P
(nmuHa) u3o0-
. (KOHIIEHTPUYECK
. OpaxeHus
13. s U,
COOTBETCTBY-
HKCLUEHTPUYECKU
i) eT paxTuye-
CKOM JINHE
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H3o00paxkenue
P DneMeHT Omnucanue/
Ne oceBast
3D monens ACTPA-monenu | nmpumedaHue
MOJIEND
nepexoja
Pazmep
JIMHA
) “ApMaTypa” (H )
< N HM300paKeHUS
3 (knamas,
' COOTBETCTBYE
5 BEHTHIIb, T
“u| 3amBWKKa,...) .
dakTuIecKoit
JUINHE
apMaTypbl
Pasmepnr
“Apmatypa” P
. - M300paKeHUs
\ A C IPUBOJIOM
_ Y (xnanan COOTBETCTBY
15. — % ’ 0T JUTUHE
fi ¥ BCHTHJIb,
) AN apMaTypsl 1
- . 3aJIBMKKA,. . .)
LEHTPY Macc
MIPUBOJIA
3amaercs
MIPUBEICHHBI
\ DIeMeHT MU
s
16 HEKOJIBLIEBOTO YKECTKOCTHEI
' LH (IIpOU3BOJIBHOTO MU
) cedueHus XapaKTEePUCT
HKaM#A
CeYeHHUSs
B 1r060M
CEUYEHNH
17. dnanern o
npsIMOU
TpyOBI.
MoxHo
YCTaHOBHUTH
18. \b JlHute/kphImka TOJIBKO B
KOHCOJIBHBIX
y3J7ax
- Oo0ecrieunBae
. T aOCOJIFOTHO
“Kectrui ECTKVIO
19. JJIEMEHT y
HEBECOMYIO
(BcTaBKa)
. CBSI3b MEKIY
CEYECHHUSAMU

4.3 I[IpyXvHHBIE TIOJIBECKH U PACTSKKH, KECTKUE TATH, ONOPHI CKOJIbKEHUSI, KATKOBBIE
U HANpaBISIONINE OMOPHI, CEHCMO- U BHOPOAMOPTU3ATOPEI MOJEIHPYIOTCS IMHEHHO-yIIPyTUMU
CBS3SMH, TPUIOKEHHBIMU B COOTBETCTBYIOIIMX y3JaX M CEUYECHMSIX CYIEpPAIEMEHTOB,
NEHCTBYIOIMIUX B TpeOyeMbIX HampaBieHUIX (To0anbHbIX X, Xo, X3 HITU JIOKATHHBIX x/l, x/z, X/3)
¥ 00J1aJaloNINX 3aJaHHBIMU W/WJIH BBIYMCIEHHBIMU KECTKOCTSAMHU.

PaccmarpuBaroTcst 3¢ (heKThl TpeHHs B OMOPHBIX KOHCTPYKIHUSAX (TPEHUE CKOJIBKEHUS U
TpeHue KadeHus 1o mojnenu KylioHa) mpu CTaTUYECKUX M TEeMIIEpaTypHBIX IepeMelIeHHIX
TpyOOIpoBOIa.

3A0 HUL] Cta/luO (www.stadyo.ru  stadyo@stadyo.ru), 2009 33




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 OnucaHne pacueTHBIX CXEM U TeOMETPUIECKUX MOJeTIeH

4.4 JIuH30Bble, CMIIb(OHHBIE U CATBHUKOBBIE KOMIIEHCATOPHI, apMarypa U 06opyoBa-
HHE, a TaKXKe CJIO0XHbIE ONOPHbIE KOHCTPYKLIMH, BKIIIOYaeMble B PACUETHYIO MOJIEIb TPyOOIpo-
BOJTHOM CHCTEMBI, UACATUZUPYIOTCS:

1) cTepHEBBIMHU JIEMEHTAaMH, UMEIOIIMMU 3aJaHHBIE JKECTKOCTHBIE XapaKTEPUCTUKU
pacTsDKEHUS-CKATHSL, U3rnda, KpyuyeHus U CABUra, MHEPLUOHHbIE (MACCOBBIE) XapaKTEPUCTUKH U
Harpys3KH;

2) cynepanieMeHTaMu ¢ MaTpULlaMU KECTKOCTH, MacC M Harpy3oK, ONpeAeIEHHbIMU U3
pacueToB YNOMSHYTBIX IOACHUCTEM METOJOM KOHEYHBIX 3JIEMEHTOB IO IMPOCTPAHCTBEHHBIM
000JI04€YHBIM, TPEXMEPHBIM 1 KOMOMHUPOBAHHBIM CXEMaM.

4.5 TloBbllIeHHAs CTepXKHEBas IOJATIMBOCTb KPUBOJUHEHWHBIX TpyO (“addekr
Kapmana) aBromaTuuecku ompenensieTcs Mo acUMITOTHYECKOHM MmeTojuke [6, 8] ¢ yueTom
BIMSHUSA HPUCOCTUHEHHBIX TNPSAMBIX TpyO, BHYTPEHHEro JaBJi€HHUS U JAPYruX (HaKTOpOB.
[ToBbIIEHHAs NOJATIMBOCTH CBAPHBIX TPOWHMKOBBIX COEIMHEHHMM OIPENEsAeTCs COIJIacHO
metoguke PTM 38.001-94 [3] u ASME [7], ko unrenTs mogaTauBoCcT (KECTKOCTH) BPE30K
TpyO B 00Opy/nOBaHUE SBHO 3a/1al0TCS IOJIB30BAaTEJEM Ha OCHOBE M3BECTHBIX AHAJIOIOB HWIIU
IpeBapUTENFHOIO TPEXMEPHOTO0 KOHEYHORJIEMEHTHOIO aHaiu3a (ParMeHTOB “IITyLEp-
oOeyaiika”.

4.6 IloroHHas macca AMHAMHMYECKOM CYNEPIEMEHTHOM Mozenu (C y4eTOM Macchl
TEIUIOM30JSIIMM M pabouell cpesbl) COCpPeloTaurMBaeTCs BO BCEX y3JaX M B psle CEUYEHUM
CYIIEep3JIEMEHTOB, BEIOMPAEMBIX U3 YCIOBHS MPEACTAaBUTEIbHON allPOKCUMALIMU HEOOX0IMMOT0
ymciia GopM COOCTBEHHBIX M (WMJIM) BBIHYXACHHBIX KosiebaHuil TpyOomposona. Kpome Toro,
COCPEIOTOUEHHBIE MAacChl PacloylaraloTcss B MECTax YCTAHOBKH (LIEHTPAaxX Macc) MaCcCHUBHOIO
000pyZIOBaHUS W apMaTypbl, a TakKKe B MeCTaxX ACHCTBUS NTUHAMUYECKHMX KMHEMaTHYECKUX U
CHJIOBBIX HArpy3okK, BO30y)XKJarolluxX BUOpanuu (CpeJHHE CEYEHUs OTBOJOB, KOCBIE CTBIKH,
NEPEXOHUKHU, TPOMHUKUM M BPE3KH, ONOPbl C HEIUIATGOPMEHHBIM KHHEMAaTHUYECKUM
BO30Y>KICHHUEM U AP.).

4.7 Cucrema JACWUCTBYIOUIMX U YUYUTBIBAEMBIX Harpy30K U BO3JEHCTBHIM Ha
TPyOOIPOBO/IbI BKIIOYALT:

— KBaszWCTaTH4ecKoe paBHOMepHoe (B mpenenax CD) BHyTpeHHEE WM BHEIIHEE
JaBJICHUE D;

— KBa3UCTATUYECKYH KYCOYHO-IIOCTOSIHHYIO IIOTOHHYIO BECOBYI Harpys3ky g3
(mpoyKT+TpyOa+u30isiuysi U, BO3MOXHO, CHETOBasl U ToJIOJIeJIHAasl) U MOTOHHbIE HArpy3KH IO
JIBYM TOPU30HTAIILHBIM OCSIM ¢/, ¢> (BETep, CTAaTUYECKUI HKBUBAJICHT MHEPLIMOHHOM Harpy3Kn);

— KBAa3UCTAaTUYECKUHA KyCOYHO-IIOCTOSHHBIM IIOTOHHBIA TEMIEPATYPHBIA MOMEHT,
JEHCTBYIOIMI Ha TOPU3OHTAJBHBIX y4acTKax TPyO C HEpaBHOMEPHBIM HArpPEBOM IO BBHICOTE
ceueHus (Hampumep, Y4acTKU CO CTPaTHU(hUIUPOBAHHBIM TEYECHUEM);

— KBa3UCTaTUYECKHE COCPEOTOUYEHHBIE B y3J1aX M CEUEHHSIX CHJIbl 1 MOMEHTHI (MMHU
MOYKHO MOJEIMPOBATh CTaTHUECKOE BIMSHUE O0OpYyIOBaHUSA, apMaTyphl, ONOpP, OTOPOIIECHHBIX
BETBEH TpyOOIIpoBOAa U IP.).

— KBa3MCTAllMOHApHBIA mepenaja CpeJHel TemrepaTrypbl CTEHKH TpyOompoBoaa mpu
nepexo/ie U3 “X0J0JHOr0” COCTOSTHUS B “‘pabouee’;

— 3aJlaHHBIC BBIHYKJICHHBIC JIMHEWHBIE U YIIJIOBBIEC IEPEMEIEHHS 3alICMIICHHBIX KOHIIOB
(y3moB) M cedeHuHl (KaKk MpaBUJIO, TaK UMHUTHPYIOTCS TeMIIEpaTypHbIE IepeMelIeHus
IPUCOEAUHEHHOTO 000PYI0BaHUs, KECTKUX KOJJIEKTOPOB M JIPYTMX CHUCTEM, HE BKJIIOUYEHHBIX B
pacyeTHYI0 MOJETb), @ TAKXKE MIPOMEKYTOUHBIX ONOP M TOUEK MOJBECOK MPYKUH U KECTKHX TAT;

— MOHTa)KHas pacTsKKa B 3aJJaHHBIX CEUCHUSX;

— ceificMuyeckue BO3JeMCTBUSA, 3a1aBaeMble B BUJIE JINOO TPEXKOMIIOHEHTHBIX CIIEKTPOB
YCKOPEHUH, TUO0 TPEXKOMIIOHEHTHBIX aKCeJIeporpaMM IJisi OTMETOK KperjieHus TpyOomnpoBoa
(“mnardopmennHas” cxema Bo3Oyxaenus) — ACTPA-CEUCM,

— BO30yXXJaroIlue YCTAaHOBUBIIMECS BHOpAallMM — MOJUTaPMOHMUYECKUE CUIIOBBIE
Harpy3kH, 3a/JlaBaeMbleé B IPOM3BOJBHBIX CEUEHHMSX B BUAE Habopa aMIuuTyZd (Cuil WiIu
JIaBJICHUSI), 4acTOT U cABura (a3 Bozneictuit — ACTPA-BUFEP;

— BO30yXJawIliue IUHAMUYECKHE Harpy3ku JJIsi IMPOU3BOJBHBIX CEUEHUH —
ACTPA-/[UH.
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4.8 PacuerHas IpOCTPAaHCTBEHHAs! CTEP)KHEBAsi MOJENb CTPOUTCS HUCXOJS U3 YCIOBUS
NpeJCTaBUTENIFHON alpOKCUMALMU peanbHOil reomerpun, Harpy3ok U HJIC tpyGompoBoHOH
CUCTEMBI, 10 BO3MOXXHOCTH, MUHUMH3ALMU 4YHUCJIa Y3JIOB, CYNEPAIEMEHTOB, 3JIEMEHTOB U
CEUeHUH MpUBEICHHUS MaccC.

PacueTHble ceueHHs Cynepa’eMEeHTOB JOJDKHBI OTCIEKHUBATh €ro MPOCTPAHCTBEHHYIO
KOHQUrypanuioo (HayalbHble M KOHEYHbIE CEUYEHUS KPHUBOJIMHEHHBIX 3JIEMEHTOB, CEYECHHUS
neperuooB), HW3MEHEHHUS TI€OMETPUYECKUX XapaKTePUCTHK CedYeHHs (IUaMeTpoB, TOJIINH,
npubaBoK), (HU3UKO-MEXaHUYECKUX CBOMCTB M IapaMeTpOB pacHpeeNeHHbIX Harpy3ok
(moroHHasi Macca, TeMIeparypa, JaBjieHHe), ObITh IPUYPOUEHBI K MECTaM IMPHIJIOKEHUS CBsI3ei
(Ipy>KUHHBIE MTOJBECKU U PACTSDKKH, OMOPBI CKOJIBKEHHUS, HANPABJIAIOLINE U KaTKOBBIE OIOPHI,
ceiicMo- ¥ BHUOpPOONOpPBI) U COCPEAOTOYEHHBIX HArpy30K, K CEUEHHUSM, JUIsl KOTOPBIX
BBINOJIHACTCSI MOHTAXHAsl PACTSHKKA W/WIIM 33JJaHbl BBIHYK/IE€HHBIE TIEPEMEICHHUS.

4.9 BriGop ceueHuil mnpuBeAEHUA Macc Ui CYNEpIJIEMEHTHOM Mojelu (IIOMHUMO
“00s13aTeNBbHBIX” — Y3JI0B MOJICJIM U CEUEHUH AEHCTBHS IMHAMMYECKUX HAarpy30K) omnpejaessercs
U3 TPUOIMIKEHHOTO aHaM3a “‘TapuuaibHbIX” COOCTBEHHBIX YaCTOT BETBEH TPyOONPOBOIHON
CHCTEMBI: KOJINYECTBO TAKUX CEYEHUH B i-M CyNepaJIEMEHTE JOJKHO ObITh PaBHO

rue:

L, — MakcUMaJIbHO JIOIYCTUMOE YHCIIO TUHAMUYECKHUX cTeneHei cBo6o sl COM (B naHHOU
Bepcuu, L, = 60000),

N — obmree uuncio y3noB COM,

I — 4uciio cynepaieMeHTOB,

@ im — TPUOTTMKEHHAS HU3IIAS COOCTBEHHAs YACTOTA i-TO CyIepIIeMEHTa TIPH
PEeUMYIIECTBEHHOM IepeMeIleH!H 1o ocH X, (m=1,2,3), KoTopas onpeaemnsercs Kak:

31ech:

lim — “TipuBenieHHas” U3ruOHas JTMHA CYTIepIJIEeMEHTa,

m — TIOroHHas Macca TpyObl,

M), — cocpenoToueHHas mMacca.

Ecim n; << 1, To Macca He pa3Melnaercs Ha JaHHOM cynepaiemente. Eciu n; (0,5; 1),
TO BBOJMUTCS OJTHO CEYCHHE C MAcCOM (3a CUET CyNepITEMEHTOB, T1e n; >> I).

4.10 B mnoxacucreMe YyTOUHEHHOro pacyera jeraneil Tpyo6omnposonoB (ACTPA-
CTAONO) peanu3oBaHa aBTOMAaTHYeCKass TeHepalus ONTHMAIbHBIX IO  TOYHOCTHU
MPOCTPAHCTBEHHO-000I0YEYHBIX ([ TOHKO- U “‘CPETHECTEHHBIX” 3JIEMEHTOB, KPUBOJIUHEHUHbBIC
6-u u 8-u y3noBeie KD mepemeHHO# TONIIMHBI cynepmapameTpudeckoro cemeiictsa, CITIKD) u
00BEeMHBIX (IUIsI CpefHe- W TOJCTOCTCHHBIX neranei, 12-u, 15-u, 16-u u 20-u y3moBeie KO
u3zonapamerpuueckoro cemeiicrea, MIIKD) pacueTHbIX KOHEUHODIEMEHTHBIX MOJENEH — CM.
tabnuua 4.2.

Tabmuna 4.2
| Jletanb (37€MeHT, y3en) ‘ Tunel KO, Bun cetku ‘ Bunsl pacuera |
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Jletansb (a7emMeHT, y3en)

Tuner KO3, Bung ceTkn

Buns! pacuera

e C(CIIKD8, CIIKD6 (mepeceuenue
MITylepa ¥ MarucTpajiy Mo BEPXHEH H
HW)KHEH MTOBEPXHOCTH);

. . e C(IIKD8, CIIKD6 (mepeceueHue @)
Tpotinuk ceapHotl
C 3aYMIIEHHBIM I1IBOM mrrynepa -oH Marnctpaiu 1o
CPEIMHHOW MTOBEPXHOCTH)
e UIIKD-16, UTIKD-12
e UIIK3-20, UTIKD-15 (1-4)
MHorocnoitHas cxema.
Tpoiinux ceapnou e UIIK316, UTIKD12
C 3a4MILEHHBIM IIIBOM o UIIKD20, UTIKD15 (1-4)
Y IJIAKUPYIOLIMM CIIOEM MHorocnoitHas cxema.
. . e (IIKD8, CIIKD6 2)
Tpotinuk wmamnosanuwlil
U WmMamnoceapHou e UIIKDI16, UITKD12
(¢ TAHYTOI TOPIOBUHOI) e MIIKD20, UTIKD15 (1-4)
MHorocoitHas cxema.
Tpotinuk wmamnosaHHbl e UIIK316, UTIKD12
U WMamMnoceéapHol e MIIKD20, UTIKD15 (1-4)
C IJIAKUPYIOLIUM CIIOEM MHorocoitHas cxema.
e C(CIIKD8, CIIKD6 (mepeceuenue
MITyIlepa U MarucTpaiy Mo BEpXHEH U
HIDKHEH MTOBEPXHOCTH); 2)
. . e C(CIIKD8, CIIKD6 (nepeceueHue
Tpotinuk ceapHotl
C 3aUMIIEHHBIM IIIBOM M HAKJIaIKOU trynepa - M MarucTpaii o
CPEIMHHOW MTOBEPXHOCTH)
e UIIKD16, UTIKD12
e UIIKD20, UTIKD15 (1-4)
MHorocioitHas cxema.
Tpoiinux ceapnou e UIIKD16, UTIKD12
C 3aUHIIEHHBIM IIBOM, e UIIKD20, UTIKD15 (1-4)
HAKJIaJIKOW U IUIAKUPYIOLIUM CJIoeM | MHorocioiiHas cxema.
Tpoiinux ceapnou e UIIKD16, UTIKD12
o mBOM (“TpPeyroibHUK”) e UIIKD20, UTIKD15 (1-3)
“mrynep-MarucTpais”’ MHorocioiiHas cxema.
Tpoiinux ceapnou
C HaKJIQIKOH U e MHIIKD16, UIIKD12
IBaMHU “‘IITYyIEP-MarucTpaib- e UIIKD20, UTIKD15 (1-3)
Hakiagka” v ‘“‘Marucrpaib- MaHuorocioiHas cxema.
HaKJaaKa”
e CIIKD38 (1-4)
Ome00 2nympwiii (¢ IpUMBIKalOIMMKE | ¢ UTTKD16,
TpyOamn) e HUIIKD20 (1-3)
MHorocioitHas cxema.
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Jletansb (a7emMeHT, y3en)

Tuner KO3, Bung ceTkn

Buns! pacuera

(cvutb(OHHBIN, JTMH30BBIN)

Ome00 eHymulil ¢ TUIAKUPYIOIIUM e UIIKDI6,
ci10eM (C MPUMBIKAIOIIUMH e UIIKD20 (1-3)
TpyOammu) MHorocioiiHast cxema.
e C(CIIKD8 —IepeceyeHue o
BEPXHEW M HUKHEHN MMOBEPXHOCTU 2)
. e CIIK38 —TiepeceyeHne o
Ome0o0 cekmopHulii (¢ .
HpUMBIKAKOIME TpyGaMH) CPEIMHHOW MTOBEPXHOCTH
e UIIKDI6,
o UIIK320 (1-3)
MHorocnoitHas cxema.
Ome00 cekmopHbwlil e UIIKDI6,
C TUIAKUPYIOIIHUM CI0EM e MUIIKD20 (1-3)
(C IPUMBIKAIOIUMH TPYOamMK) MHorocoiiHas cxema.
e CIIKD8 —TepecevyeHue 1o
BEPXHEW M HUKHEHN MMOBEPXHOCTH 2)
e C(CIIKD8 —IepeceyeHue o
Kocot cmbix CPEIMHHOW INOBEPXHOCTHU
e UIIKDI6,
e  MIIKD20 (1-3)
MHorocnoitHas cxema.
Kocoti cmobix * MIKIIS,
o UIIKD20 (1-3)
C IUTAKUPYIOIIUM CIIOEM .
MHorocnoiiHas cxema.
Kocoti cmoix e MUIIKD20, UIIKD15 (1-3)
CO CBapHBIM IIBOM MHorocnoitHas cxema.
Ipsamas mpyba e UIIK320, UTIKD15 (1-3)
C KOJIBLIEBBIM CBAPHBIM IIIBOM MHorocnoitHas cxema.
e C(CIIKD8 — nmepeceyeHue 10
BEPXHEN U HM)KHEUN MIOBEPXHOCTH
11 2
epexod e C(IIKD8 —TepecevyeHue o 2)
CPEIMHHOW TMOBEPXHOCTHU
Komnencamop e  CIIKDR 2)

(1) — crauronapHas 3a/1a4a TEIUIOMPOBOIHOCTH

(2) — pacuer HJIC u nmpoyHoCcTH

(3) — KOMOMHUPOBAHHBIIN pacyeT (ONpeeeHnue TEMIIEPATyPHOTO MOJIS U UCIOJIb30BAHUE
€ro B Ka4eCTBE TeMIepaTypHoi Harpy3ku s onpeneneHus HIAC)
(4) — popMupoBaHUE MAaTPUIIBI )KECTKOCTU JAETANIHN (IJIEMEHTA)

CIIKD8 — ueThlpexyroyibHbId B IUJIaHE 8-y3JI0BOM 000JIOUEUHBIH KOHEUYHBIM 3JEMEHT C
MPOMEKYTOUHBIMH y3JIaMH CyIlepIapaMeTpUIecKoro ceMencTBa.
CIIKD6 — TpeyronpHBId B IUIaHE 6-y3JIOBBIH 00O0JIOYEUHBIH KOHEYHBIH AJIEMEHT C
IPOMEKYTOUHBIMH y3JIaMH CyIlepIapaMeTpUIecKoro ceMencTBa.
NITIKD16 — TpexMepHblii, IECTUTPAHHBIN YEThIPEXYTOJbHBIA B «IIJIaHE», TUHEUHBIN 110
tonmuHe 16-y3noBoit KO ¢ mpomMeXyTOUHBIMU y3J1aMHu.
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NIIKD20 — TpexMepHblii, IIeCTUTPAHHBIA YEThIPEXYTOJIbHBIA B «I1aHe», 20-Tu y3J10BOM
K93 ¢ npoMexyTOYHBIMU y3JIaMHU.

NIIKD12 — TtpexMepHbIid, NATUTPAHHBIA TPEYTrOJbHBIA B «IUIaHE», JUHEHHBIA IO
TosuHe 12-y310B0oi KO ¢ npoMeXyTOUHBIMU y31aMH.

NIIKD15 — TpexmepHBblil, NATUTPaHHBIA TPEYroJIbHBIM B «I1aHey», 15-y3moBoit KO ¢
IIPOMEXYTOUYHBIMH Y3JIaMHU.
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ACTPA-

Thy6OnpOBgHeS CHCTena:
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Obonoueunasn mooenw Tpexmepuas mooens

Puc. 4.3 ACTPA-CTAJINO. KoHeuHO3/1IeMEHTHBIE MOJIETN OPTOrOHAIBHBIX PaJUaIbHbIX
TPOMHMKOBBIX COEAMHEHHH. a) CBAPHOM € 3aUMIICHHBIM IIBOM; 0) CBApHON C HAKJIaIKOM;
B) IITAaMIIOBaHHbBIN C TSIHYTOW FOPJIOBUHOM.
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3A0 HUL Cra/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 42




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 OnucaHne pacueTHBIX CXEM U TeOMETPUIECKUX MOJeTIeH

Jlun3086vlii U CUNLGHOHHBIIL KOMNEHCAOD
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Ilepexo0 KoHuuecKkull KOHYeHmpuuecKull

Puc. 4.56 ACTPA-CTAZINO. KoneuHod/1eMEHTHBIE 000JI0U€YHBIE MOJICNIN, PACUETHBIE
HaMpsDKEHUs U OLIEHKH ITPOYHOCTHU AeTanell TpyOonpoBo1oB
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5. O6ocHoBaHUE pacuyeTHOH MEeTOAMKH

5.1 Meronuka, peanuzoBanHas B mporpaMmmHoM komiuiekce ACTPA-ADC’2009 (ACT-
PA-CTAILL, -®OPM, -CEHICM, -BUEP, -JINH), ocHOBBIBaeTCS HA €IMHOM AJTOPUTME pacyeTa
IIPOU3BOJIBHBIX Pa3BETBICHHBIX U MPOTSKEHHBIX TPYOOIPOBOIHBIX CUCTEM (OIpesesieHue nepe-
MEIICHUH, HAarpy30K Ha OMOPBI M YCHWJIMHA B CEUCHUSAX) KaK JIMHEHHO-YIPYTHX MPOCTPAHCTBEH-
HBIX MHOTOKPAaTHO CTAaTUYECKH HEOIPENEIMMbIX CTEPKHEBBIX CHCTEM, u3jlokeHHoM B PTM
108.020.01-75 [6] u MmoauUIIUPOBAHHOM JIJIS:

1) noBbIILIEHUSI TOYHOCTH M BBIYUCIUTEIBHON 3()(PEKTUBHOCTHU ISl CUIIBHO PAa3BETBIICH-
HBIX, IPOTSKEHHBIX U (UJIM) KOHTPACTHBIX MO KECTKOCTU CUCTEM;

2) yudera Harpy3o0K M OIOp HE TOJIbKO B CEUEHHUSX CYyNEepITEMEHTOB (y4acTKOB), HO U B
y3J71aX COEIMHEHHUS CYIIEPIJIEMEHTOB;

3) y4yeTa NOBBILIEHHON 000J0YEYHOH MMOAATIMBOCTH TPOMHUKOBBIX COEIMHEHUI U Bpe-
30K TpyOOMpOBOIOB B 000PYI0OBaHHUE;

4) ydera CTEpHEBBIX 3JIEMEHTOB IPOMU3BOJILHOTO (HEKOJIBLEBOI0) CEUEHUs ISl MOJe-
JUPOBAHUS CIIOKHBIX OMOPHBIX KOHCTPYKIHMA W OOOpYHOBaHUS B COCTaBe TPyOONPOBOIHBIX
CHUCTEM,;

5) ydeTa TpeHHsI CKOJNBXEHHUS U Kau€HHs] B OMOPHBIX KOHCTPYKLUSAX, BOZBMOXKHOTO OT-
pbIBa TpyOOTIIPOBOJOB OT HUX (1711 OTHOCTOPOHHHUX TI0 BEPTUKAIH OIIOD);

6) pacueTa Ha celicMUYecKre, BUOpAlIMOHHBIC U TUHAMUYECKUE BO3ICHCTBHUS;

7) dopmupoBaHUs U yuyeTa T.H. MAaTPUUHBIX CylEpITEMEHTOB (»KECTKOCTH, Macc M Ha-
rpy30kK, npoueaypa Kpeiira-bemnrona).

YTOUHEHHBI pacyeT TeMIepaTypHOro U HANpPSDKEHHOTO COCTOSHUM netaneil TpyOo-
npoBoioB (ACTPA-CTAZIMO) ocHOBaH Ha MPOCTPAaHCTBEHHO-O00OJIOUEYHBIX M TPEXMEPHBIX
CXeMax “TpaJIMIHOHHOI0” METOJa KOHEYHBIX 3JIEMEHTOB B MEPEMEIICHUAX B MPEIINOJIOKEHUN
yOpyro# paboThl MaTepHraia u MalocTu aedopManuii-repeMenieHui.

5.2 B xadecTBe pacueTHBIX IapaMeTPOB OMPEIEIIAIOTCS U PaCCMAaTPUBAIOTCS:

1) mepemernienust (cTaTuka — Ui BCEX PACUETHBIX ATANOB) M YCKOPEHUSI CEUCHUH U y3-
JIOBBIX TOYEK MOJEIIN;

2) craTu4ecKue U AMHAMUYECKHE HArpy3KH Ha OMOPHbIE KOHCTPYKIUU (TIPY>KUHBI, OIO-
PBI CKOJIBKEHUS M Kau€HUsl, HETIOABH)KHbBIE U MEPTBbIE ONOPBL, 000PYI0BAaHUE U CTPOUTEIbHBIE
KOHCTPYKLUN);

3) craruyeckue M JUHAMHYECKHE BHYTPEHHHUE YCWJIMS (CHJIbI, MOMEHTbHI) B CEUEHMSIX
pacyeTHOU MOJEINH,

4) pacueTHbIe TPUBEACHHBIC HANPSHKCHUS B CEUCHMAX/DJIEMEHTAX M JIOIyCKaeMble Ha-
NpsKEHUS] HOPMATHBHO PErVIAMEHTHUPOBAHHBIX TPYIII.

5) 3HauMMBbIe COOCTBEHHBIE YAaCTOTHI M (POPMBI KOJICOAHU CHUCTEMBI (33JaHHOE YHCIIO
WM B 3a/IaHHOM YaCTOTHOM JIMana3oHe).

5.3. Cnenytomue ¢pakTopsl MPH NOCTPOCHUN PACUETHON MOJICNN MOTYT BJIMATH HA TOY-
HOCTb MOJYYEHHOI'O PEUICHUS:

— JIOCTOBEPHOCTH (PU3UKO-MEXaHUUECKUX XapaKTEPUCTHK MAaTEPUAIIOB;

— TMOAPOOHOCTh MOJIETUPOBAHUS AJIEMEHTOB OMOPHO-TIOABECHON CUCTEMBI (’KECTKOCTH,
K02(ppULIMEHTHI TPEHHS U T..I1.) U eTaneil (TpyObl, OTBObI, TPOMHUKH, IEPEXO0/IbI, KOMIIEHCATO-
pBl, THUIIA-KPBIIKHA U T.11.) TC;

— CTENEHb JUCKPETU3ALMU CTaTUYECKOM M JUHAMUYECKOW CYIEPIIEMEHTHOM MOIEIHU
TC u KO-Mmonenmm neranu;

— COOTHOILIEHUE MEX/ly BEIMUNHAMU KECTKOCTU OTAEIbHBIX IEMEHTOB PACUETHONW MO-
JIeIH;

— YHCJI0 U cOCTaB (JOPM COOCTBEHHBIX KOJICOAHUH, YUUTHIBAIOIINXCS MPU PELICHUN -
HAMHUYECKHX 3a]1a4 (B YACTHOCTH, yUeT BhICIIUX (POPM — «IIOTEPSIHHOI MacChI»);

— BEJINYMHA LI1ara MHTETPUPOBAHUS MPU pacyeTe METOJOM JUHAMMUYECKOIO aHajlu3a Ha
CEeHCMHUYECKHE U CUJIOBbIE TMHAMUYECKUE BO3JICHCTBHS;
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5.4 BnusHue nepeyrciaeHHbIX U psAaa Apyrux (akTopoB Ha TOYHOCTb U yCTOMUMBOCTh
pelieHus ucciaeayeTcsl B BepupUKaMOHHbIX 3a1a4yax (cM. pazzaen 6, [Ipunoxenus 1, 2 u, otyac-
T™H, 3).
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6. MaTpunsbl BepupuKanum

PaccuntnsiBaemble napamMeTphbl: TeMIepaTypbl (mms  nmeraneit), cTatude-
CKHe/TeMIIepaTypHble M JUHAMHYECKHE IepeMEeIleHUs, YCKOPeHHs, COOCTBEHHBIE YacTOThI U
dbopmbl KOJEOAHMI, CTaTUYECKHWE W JUHAMHUYECKHE HArpy3Kd Ha OTOPHBIE KOHCTPYK-
1uu/000pyA0BaHUE, CTATHYECKHUE U TMHAMUYECKUE BHYTPEHHUE YCHIIUS (3HAYUMbIE CUIIBI K MO-
MEHTHI), PUBEJICHHBIE U JIOMyCKaeMble W HAMPSHKCHUS HOPMATUBHBIX TPYII C OLICHKOW CTAaTH-
YECKOH, ITUKINYCCKOMN, CEHCMUYECKON U BUOPAIIMOHHON TPOYHOCTH.

MeTtoauka pacyera:

1) TC — cynepaneMeHTHBIN MOAXOJA METO/A MEepeMEIIeHUH, METOIbl HaualbHBIX TMapa-
METPOB U MPOTOHKHU (AJI KaKJIOr0 HEPa3BETBJICHHOI'O CylepasieMeHTa), 0JouHblii Metoy JlaH-
oA JUIsi pelleHus] YaCTUYHOW MpoOIeMbl COOCTBEHHBIX 3HAYEHUH, JTMHEHHO-CHEKTpaIbHBIN
METO/JI CeCMUYECKOT0 pacyeTa, MeTO JUHAMHUYECKOIr0 aHaJln3a ¢ Pas3yIoKeHHUEM IO 3HAYMMbIM
coOCTBEeHHBIM (hopMaM KOJIeOaHH, TMHAMUYECKOTO aHAIN3a, IIIarOBO-UTEPALIMOHHBIE MPOLIETY-
pBI pelieHusl HeJTMHEHHBIX 3a/1a4.

2) oemanu (mpoiinuku, omeoowvl,...) — METO/I KOHEUYHBIX AJIIEMEHTOB B MEPEMELICHUSX,
IPOCTPaHCTBEHHO-0001049euHbIe 1 00beMHbIe KO-Moneny, ...

Jlnana3oH M3MeHEeHHs MapaMeTpoB: ynpyras obnacts (pu3ndeckas JIMHEHHOCTH), Ma-
able aedopManum-nepeMerieHus (reoMmerpuyeckas JIMHEHHOCTb), HellMHeHas paboTa ONOpHO-
IIOJIBECHOM CHUCTEMBI (TPEHHE CKOJIBKEHUS/KaueHUsI U OTPBIBBI) MPH CTATUYECKHUX, TEMIIEpaTyp-
HBIX, CEICMUYECKHUX, BUOPALIMOHHBIX U JUHAMUYECKUX BO3JCHCTBHUSAX.
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IIK ACTPA-AD2C’2009. MaTpuua Bepuduxannu Nel

MaxkcumanbHoe
Tun npo- A
N HaumenoBanue CouyeTanue Harpy- BepKH po DIeMeHTEI OueHuBaemble pacxoxaenue, %
h TecTa 30K/BO3/1eHCTBUIA napamMeTpbl
A 3yJbTATOB P P Yranon ACTPA-
AIC 6.1
Pacuer koHCOIBHO-
ro MOJTyKOJIbIIA
(ru6, KoneHo Tpy- Otsox (ruG ITepememenus 0.64 0.00
9
6ompoBoza) Ha
CocpeI0ToueHHas CTa (), KoIICHO), Nps-
| | cocpenoTotenyio pe (2-ANSYS), |  mas Tpy6a,
HArpy3Ky B IUIOC- THYECKast Harpy3Ka
C @) MepTBas ornopa
koctu. Comoctas-
(3anenka) OmopHbIe peak-
JICHHUE C aHAIUTH- 0.00 0.00
YECKUM M YHCJICH- T
HBIM pCIICHHEM
Pacuer koHCOMBHO-
ro MOJTyKOJIbIIA
(FI/I6, KOJICHO Tpy- HCpeMeH.[CHI/UI 0.87 0.00
OtBox (THO,
6ompoBoxaa) Ha
KOJICHO), TIpsi-
COCPEOTOYECHHYIO CocpenloToueHHas cTa- 1), (2-
2 Mas Tpyoa,
Harpys3ky 3 ILJIOC- TUYECKasi Harpy3Ka ANSYYS), (7)
MepTBasi oropa
koctu. Comocras- (saneKa)
JICHUE C aHAJIUTH- OnopHele peak- 0.00 0.00
YECKUM M YHCJICH- nuu
HBIM pEIICHHEM
3aieMIeHHOE
HOTYKOTBIO IO ) Otson (rub, | repememenns | 0.18 0.09
Pacnpenenénnas cra- (2 - AN- KOJICHO), TIpsi-
COOCTBEHHBIM ~ Be-
3 C TUYECKasi Harpy3Ka SYS), (5), Mas Tpyoa,
coM. fonocTaBe- (coOCTBEHHBIN BeC) @) MepTBast ONOPa | OmnopHEIe peak-
HUE C JpyrumMu (3azenka) - 3.81 0.00
nporpaMMamMu
Koncone, Harpy-
JKCHHasl CHJIOH Ha CrepxeHb
CBOOOIHOM  KOHIIE CocDelI0TOUCHHAs CTa HEKOJIBIIEBOTO
4 | (ceuenuwe oOIIETO e ), (7 CCUYCHHS, Tlepemenienns 0.00 0.00
TUYECKas Harpy3ka
Buna). Comocras- MepTBasi oropa
JICHHE C aHAIUTH- (3aenka)
YECKUM PEIICHUEM
Koncons mox pas-
HOMEPHO  pacIpe-
PHO - pactip CrepxeHb
JICTICHHOM  HATPY3~ | - p, o henenénmas cra- HEKOJIBIIEBOTO
Kol (ceueHue 00- e 5
5 THYECKasi Harpy3Ka ), (D ceueHus, [MepemenieHus 0.01 0.08
mero Buma). Co- o
(coOcTBEeHHBIH Bec) MepTBas omopa
MOCTaBIICHHUE c (sanenxa)
AHATUTHICCKAM
peuieHeM
Konconpnas 6ajka,
HArpy>eHHass  Ha Tpsimast TpyOa,
KOHIIE  KPYTSIIUM CTEep>KEHb He-
MomeHTOM  (ceue- | CocpenoTodycHHas cTa- KOJIBIICBOTO
6 | Mo ( pel (M, (7) u Mepememenns | 0.00 0.00
[ICTO BUA). TUYECKas Harpy3ka CeYUCHMUS,
CormocraBieHue ¢ MepTBasi ornopa
AHAITUTUYCCKUM (3amenka)
peuieHeM
[Ipsamas tpy0a,
OnopHble  KOHCT- HANPABISIOWAS | 7o s
PYKIWH, SAIAMHBIC | - €70TOUEHHas CTa oriopa, Mept- ealljcum?:; onoj
7 | B MecTHO# cucteme P ), (7) Bas omopa P 0.00 0.00
TUYECKas Harpy3ka pax,
koopauHar.  Cra- (3agenxa), HATIpSKCHIA
THYECKHUil pacyer oropa o01Iero
BHJIA
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MaxkcumaibHoe
Tun npo- o
HaumenoBanue CoueTaHue Harpy- OuennBaemble pacxo:kaeHue, %
Ne . % BEePKHM pe- DJIeMEHTbI
TecTa 30K/BO3JeiicTBUI napaMeTpbl
3yJIbTATOB 3 ACTPA-
TAJIOH
A9C 6.1
CoOcTBeHHBIE Hac-
Ipsmas TpyOa,
TOTHI IIPSIMOJTH-
N HaIpaBJIIoNIas
HEeWHOI TpyOBI C
oropa, MepT-
OnopHbIMH  KOHCT- | COOCTBEHHBIE YaCTOTHI CoOcTBeHHBIE
8 N ), (7) Bas ornopa 0.00 0.00
PYKLMSAMH, 3aJ1aH- 1 GopMeI KoebaHmi YaCTOTBI
N (3agenxa),
HBIMH B MECTHOMN
oropa o01ero
CHCTEME  KOOpIH-
BUJIA
HaT
CoOCTBeHHBIE Hac-
TOTBl CTEPXHS C Crepaer
P HEKOJIBIIEBOTO 0.09 0.27 -
MONIEPEYHBIM Cede-
CoOCTBEHHBIE YaCTOTHI CeYeHHUsI, TIpsi- CoOcTBeHHBIE HU3IINE | HU3IINE
9 | suem obmero Bu- o 1,4, (M
# GopMbI KoseOaHuH Mas Tpyoa, YacTOTBI 0.63 — 3.97-
na. ComocTaBieHne
MepTBasi oropa BBICIIHE | BBICLINC
C  aHAIUTHYECKUM
(3amenxa)
pelIeHHeM
IIpsimas TpyGa.
CoOCTBeHHBIE Hac- p TPyoa,
oTBOJ (THO,
TOTBl TPOCTPAHCT-
KOJICHO), MEpT-
BEHHOT'O KPHBOJIH-
. CoOCTBEHHBIE JaCTOTHI Bas OIOpa CoOGcTBeHHBIE
10 | HelfHOTO CTEepXKHA. N ), 3), (7 1.42 0.86
# GopMbI KoJeOaHmH (3agenxa), Y4acTOTBI
CormocTaBieHue ¢
HETIOBIDKHAS
AQHATUTHYECKUM
onopa (mmap-
pelIeHHeM
HUD)
BeinyxneHHbIC
YCTaHOBUBLINECS
KoneOaHusl ~ KOH-
COJIBHO 3aKper- [Ipsmas tpy0a,

11 | meHHOTO CTEpPXKHSA Cocpenorouenyas mu- ), (7 MeptBas onopa | Ilepemernenus 12.02 0.16
HaMHUuecKasi Harpy3Ka

(ACTPA-BUBP). (3amemnxa)
ConocraBieHue ¢
AHAITUTHICCKUM
peuieHreM
Boinyxaennble
HEyCTaHOBHUBILHC-
csl KoJIeOaHusI KOH- Tlpsas Tpy6a
1o | combHo 3akpen- | CocpenoTodeHHas Au- (2- ANSYS) meptBas onopa | Tlepememerms 453 0.00
JICHHOTO CTEpIKHS. | HaMUdYecKast Harpys3ka @) (3anenKa)
CormocraBieHue ¢ A
JPYTUMHA po-
rpaMMaMu
Pacuer coOcTBeH- Ipsimas TpyOa,
HBIX  YacTOoT W otBoJ (THO,
¢dbopM pas3BeTBIICH- KOJICHO), TPOMi-
13 :::HOﬁHPOCTg(?:C; CoGCTBEHHbIE YACTOTHI (2 - PAM- E::’Hrép};:gg CoGcTBeHHbIE 12.45 150
1 TPyboIp u (GopMbI KoneOaHmH TIA), (7) A > YacTOTHI ’ '
BOJHOIl  CHCTEMbI MEepTBasi 01opa
ADC ¢ PBMK (3amenka),
(moxBoza u copoca oropa 0011ero
napa 3a ['TIK) BHIA
Pacyer coOcTBeH- Tpamas TpyGa,
oTBO/J, (THO,
HBIX ~ 4YacTOT H .
dopm pa3BeTBIEH- KOJIeHO), TPOii-
o HHK, MEpTBast
HOW TpyOompoBon- | CoOCTBEHHBIE YaCTOTHI (2 - PAM- CoOcTBEeHHBIE
14 . . ornopa (3aaen- 24.49 0.95
Hol cuctembl ADC 1 GpopMsbl KoneOaHui I1A), (7) Ka), Hanpas- Y4acTOTHI
¢ PBMK (mpuema nmoymaﬂ oll0-
MapoBBIX  cOpPOCOB
or TTIK) pa, onopa 00-
IIero BUJiA
IIposepka P2~ | Temmeparypa, maBie- Hgir;: (Trr:?a’
BUJIBHOCTH ~ OHpe- 3 >
15 | nenemmn  pacuer- | o PacTIPEASHEHHAY (1), (7) KoleHo), Tpoit- |  Hanpsokenns 0.04 0.00

" cTaTUyecKas Harpyska UK. MopTBAS
HBIX  ycwimi  H (coOcTBeHHBIIT Bec) - Mep

HaNpsHKEHUH B omopa (3aaen-
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1

Marpuisl BepupuKaum

Ton npo MaxkcumanbHoe

N HaumenoBanue CoueTaHue Harpy- Bepmll;)e JIeMeHTEI OuennBaemble pacxo:kaeHue, %

B TecTa 30K/BO3JeiicTBUI napamMeTpsbl
3yJbTAaTOB ACTPA-
Y JTajIoH
AIC 6.1

JJIeMeHTax Tpyoo- Ka)
poBoJa
Tposepka fpa- Tpsimas Tpy6a
BIJIBHOCTH pacyeTa @ oTBON (16 ?

16 | qacror n ¢dopm | CeiicMudeckoe BO3CH- CANPIPE) KOJIEHO), Me ’T CoOcTBeHHBIC 122 0.00
COOCTBEHHBIX KO- CTBHE 7 ’ Bast 01’10 f 4acTOTHI ’ ’
nebanuii W ceiic- (3a;[em<l:1)

MUYECKON peakLuu
Ipsmas TpyOa,
oTBOJ, (THO,
Pacuer Tpy6omnpo- | Temmeparypa, cocpeno- KOJIGHO), OIIopa [lepememenns 540 0.00
17 | Boma ¢ yd4eroM | TOYEHHas CTaTUYECKas ), 3), (7 TpPEHHUs ABY-
TPEHUS B ONOpax Harpyska CTOPOHHSS,
MepTBasd omopa Cunbl TpeHUst 3.82 0.64
(3a/1enKa)
MonenupoBanue
TOHKOCTEHHOTO Troiirk
TPOHHUKOBOIO npﬂﬁaﬂ pr,6a
COC/IMHEHHMS C yde- CocpenoTodeHHEIE KECTKIH e ’

18 | ToM 00070YEUHOM | CTaTHYECKUE HATPY3KU (1), (6) MCHT-BCTABKA ITepememenus 3.68 -
MOJATIMBOCTH. (TOp1IEBBIE MOMEHTHI) MeDTBAs OO ;1
ComnocraBieHue C I()sanemca) p
AHATUTHYECKUMH
bopmynamu

Komnencarop
MonenupoBaHue JIUH30BBIN/
JIHH30- CocpenorodeHHas cTa- CHITL(OHHBII
19 6 ’ [Tepemeruenus 0.00 -
BBIX/CHIIb(OHHBIX THYeCKask Harpy3Ka ©) npsiMasi Tpyoa, pevertt
KOMIICHCAaTOPOB MepTBasi oropa
(3aeika)

Tlepexon, mpsi-
MonenupoBanue PEXOIL, TIp
CocpenoroyeHHas cTa- Mas Tpyoa,

20 | xOHMYEeCKHX Tmepe- (6) [Tepemeruenus 0.00 -

X008 TUYeCcKasi Harpy3Ka MepTBasi oropa
(3amenka)
[Ipsamas tpy6a,
MonenupoBanue JIOHBIILIKO BHYTDCHHME

21 | maum  (xpeimex, | BayTpennee naBnenue 1) (mHue, Hyc II/: s 0.00

JTOHBIIIEK) KPBIIIKA), y
MepTBasi oropa
MognenupoBaHue OmnopHsbIe Ha-
apMaTypbl € yde- IIpsmas TpyOa, IPY3KH (peax- 0.00
TOM IITOKa (TIpH- apMartypa 101
22 soma). C (p BecoBas Harpyska (1), (6) pMatypa, i)
na). OIIOCTaB- MepTBasi oropa
JIEHWE C aHaJIUTH- (3anenka) Cobcrrennbre
YECKUM PEIICHHUEM. 4acTOTHI U (hop- 0.00
MBI
[psmas Tpy0a, ITepememenus 0.00
otBoz (Tuo,
KOJICHO), O1opa Hanpsokenust 0.00
MonenupoBanue BuyTpennee naBnenue, TPEHHS OJTHO-
OJHOCTOPOHHUX TEMIIEpaTypa, pacupe- CTOPOHHSIS,
23 | omop ¢ TpeHHeM, | JAeICHHAs BeCcOBas Ha- ©6) JKECTKas 1o/I-
JKECTKUX TOIBECOK | TIpy3Ka, pacdeT coOCT- BECKa, aMOPTH- CoOGcTBeHHBIE
U aMOpPTHU3aTOPOB BEHHBIX 4acToT U Gopm 3aTop, ornopa 4acToThl U (op- 0.00
o01ero Bua, MBI
MepTBasi omopa
(3amenKa)
PacueTtnas mposep- BHyTpeHHee AaBcHIe [Ipsamas tpy6a,
Ka TepMETUYHOCTH yp ’ MepTBas onopa | YCIOBHOE AaB-
24 COCpeI0TOYCHHAsI CTa- (1) 0.00
(raHIEeBBIX co- (3azmenka), JIeHHe
. THYECKas Cuiia
CAMHEHUI (hmanen
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1

Marpuisl BepupuKaum

MaxkcumanbHoe
Tun npo- o
HaumenoBanue CoueTaHue Harpy- OuennBaemble pacxo:kaeHue, %
N TecTa 30K/BO3JeiicTBUI pepxn pe- JaemenTLI napaMeTpbl
3yJ1bTATOB ACTPA-
Y JTaN0H
AIC 6.1
Pacuer HAC n Temnepatypa, BHyT-
OLICHKA IIPOYHOCTH PCHHCC JIABIICHHC, pac- IIpsmas TpyOa, Peaxuun B oro- 335
npeJieNieHHas cTaTuye- pax
BBICOKOTEMIIEPA- 5 1), (2- otBoJ (THO,
25 | TypHBIX TpyOOmpO- ckai Harpyska (C% cr PAMIIA), KOJICHO), MEpT-
BozoB. Comocras- BEHHBII Bec), cooet- 3) Bas OIopa .
JIEHHE C aHAWTHU- BCHHBIC JIMHCHHBIC (3azmenka) Wsrubaronmit 0.84
YECKUM pPeIICHUEM CMCIICHH KOHIOB MOMCHT
TpyOonpoBoia
Pacuer Ttpybompo-
BOJHOH  CHCTEMBI CobcTBennble 4.49
Ha celicMHuYecKoe JacTOThl
BO3/IEHCTBUE 1o
JINHEHHO- npsiMasi Tpyoa,
26 CHIEKTPAIIBHOM CeiicMuyeckoe BO3/eii- (2 - AN- otBoj (THO,
TEOPUM C Y4YeTOM | CTBHUE (CHEKTP OTBETA) SYS), (3) KOJIEHO), OTIopa
BBICIIHX  COOCT- 00ImIero BUMA | Peakium B oro- 5.76
BEHHBIX (OpPM KO- pax (31.45)
nebGaHuit (yuera
«IIOTEPSIHHOH Mac-
CBI»)
TpexmepHsblil  pac-
4eT TeMIIepaTypHO- OGBEMHBLH 20-
ro mONS M TEpMO- It Temmepatypa 0.01
y3IJI0BOH 1mIec-
HaMp:KCHHOrO Temneparypa, KOHBEK- Turpanssiii KO
27 | cocrosiaust opToro- . (2 - ANSYS)
T THUBHBI TEIIIO0OMEH H30IIapaMeT-
HAIBHOTO . pHUYecKoro
00pasHOro  Tpoii- ceMeiicTBa Hanpsoxenus 1.82
HHUKOBOTO  COEIH-
HEHUsI
YTouHeHHBIH pac-
YeT OpPTOrOHAJIbHO- O06omoyeyHbIit
IO CBapHOIO TPOM- 8-MHU y3510BbIE Hanpsokenus
23 HUKOBOro coenu- | BHyTpeHHee naBienue, @), (3) CIIKD; 16, 20- || (k03¢ dunmeHTs 500
HEHMS Ha cTaTtuye- | M3rubaroliye MOMEHTHI ’ THU y37I0BBIE HHTeHCH(HUKa- ’
CKHE Harpy3Ku 00BbeMHbIE IIUH)
(ACTPA- UIIKD
CTANO)
YTouHeHHBIH pac-
YET  KPHUBOJIMHEH-
HOU TpyOBI ¢ mpu-
Py P N Hanpsokenus
MBIKAIOLIAMHU  TIPsI- O00J104eYHBII
. | (xoaddurmeHTH
29 | mpiMu  ywactkamu | M3rubaromiyie MOMEHTHI ), 3) 8-MHu y3110BOI HHTCHCHUK 12.73
(ruba) Ha cTaTHde- CIIKD i)
CKHe Harpy3Ku H
(ACTPA-
CTAANO)
YTouHEHHBIN pac-
9eT KOHHYECKOTO o
mepexoja Ha CTa- | BHyTpeHHee maBieHue Obosoueunniii
30 PEXOA yp A > | (2-ANSYS) | 8-mu y3noBbie Hanpsoxenust 11.00
THUYECKHE HAarpy3Ku | M3ruOaromuii MOMEHT CIIKD
(ACTPA-
CTAANO)
YTouHEHHBIN pac-
qeT JIMH30BOTO o
KOMIICHCaTopa Ha | BHyTpeHHee maBieHue OGosoueunniii
31 P YTP A > | (2-ANSYS) | 8-mu y3noBbie Hanpsoxenust 3.62
CTaTHYeCKHe  Ha- | W3rHOArONIUil MOMEHT CIIKD
rpy3kn  (ACTPA-
CTAANO)
CymnepaaeMeHTHBIH Ipsivast TpyOGa,
MHAMMYECKHUI Pacuer CTEep)KeHb He- Co0OcTBEHHbBIE
32 - COOCTBEHHBIX 6 KOJIBLIEBOTO 4acToTHl U (op- 0.00
pacuer TpyOOmIpO Y
BOZ[HOﬁ CUCTEMBI. qacToT U (l)OpM CCUYCHUA, OTBOJ MBI
Anroputm Kpeiira- (ru6, koneno),
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Marpuisl BepupuKaum

HaumeHoBaHue
TecTa

CoueraHue Harpy-
30K/BO3JeiicTBHI

Tun npo-
BEpPKH pe-
3yJ1bTATOB

J1eMeHTBI

OunenuBaemMble
napamMeTpbl

MakcumajibHOe
pacxo:kaeHue, %

ACTPA-

JTalIoH ADC 6.1

Bemnitona  (¢op-
MHUpPOBaHHE U YYeT
peayLPOBAHHBIX
MAaTpHII)

TpoOiHUK, ap-
Marypa, mpy-
KUHHAS MOJI-
BECKa, OJIHO-
CTOPOHHSS
OIIopa TpeHws,
MepTBasi oropa
(3amenka),
MaTpHUYHbII
CyHep3/eMeHT
Kpetira-
bemnrona

33

[Ipumenenne mar-
PHUYHBIX Cymepase-
MEHTOB JUISl MOJie-
JMpOBAHUS  JieTa-
nei  TpybompoBo-
0B (Ha mpUMepe
KPUBOJIMHCHHBIX
1py6)

Temmneparypa, cocpeo-
TOYEHHAsI CTATHYCCKAsI
Harpyska

(6)

[Ipsamas tpyoa,
oTBOJ (THO,
KOJICHO), MEpT-
Bas OIIOpa,
MaTpUYHBIH
CyHepaJIeMeHT
Kpeiira-
Bemnrona

[lepememenus

12.64

34

TecTbl Ha pa3mep-
HOCTb 3aJ[auHl

Pacuer coOcTBeHHBIC
4acToT 1 opm

®)

Ipsimas TpyOa,
CTep>KEeHb He-
KOJIBLIEBOTO
CEeYEHHUS, OTBOJ
(ru6, KOJIeHO),
TPONHUK, OIO-
pa TpeHust
OJTHOCTOPOH-
HIsI, oopa
TpEHHs IBY-
CTOPOHHS,
MepTBas OIo-
pa, apmartypa,
NPy KUHHAS
MIOIBECKA

CoOcTBEHHBIC
4acToThl U (op-
MBI

0.00

IIpumeuanue:
(1) — cpaBHEeHHE C AaHATUTHYECKUM PEIICHHEM (B T.4., C HOPMaTUBHBIMH (POPMYJIaMN);

(2) — cpaBHEHUE C aTbTEPHATUBHBIME aTTecToBaHHBIMU [1C;
(3) — maHHBIE U3 TUTEPATYPHBIX HCTOYHUKOB;
(4) — aKcTIepUMEHT;
(5) — aHanM3MpyeTCsi CXOAUMOCTD PEIICHHs B 3aBUCUMOCTH OT KavecTBa (1o JpOOHOCTH) PaCUueTHOW MOJEIH;

(6) — aHaNMM3MPYeTCs] MHBAPUAHTHOCTh PEILISHHUS 110 OTHOIICHHIO K KOHKYPHPYIOLINM BapUaHTaM MOJIETHPOBAHHMSI.
(7) — cpaBHenue ¢ panee arrectroBanHou Bepcueit [IC ACTPA-ADC 6.1.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1

Marpuiisl BepupuKanum

IIK ACTPA-ADC’2009. MaTtpuna Bepupuxanum Ne2

DJieMeHTbI TPYOONIPOBOIHON CHCTEMBI

Jaement TC

Homepa Bepu¢uKanMoOHHBIX IPUMEPOB

[Ipsamas tpyOa

1,2,3,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 32, 33, 34

1,2,3,10,13, 14, 15, 16, 17, 23, 25, 26, 32, 33,

OtBox (TH0, KOJICHO) 34
TpoliHnk 13, 14, 15, 18, 32, 34
KommneHcatop (JIMH30BbBIH/ crIb(OHHBIIH) 19
ITepexon 20
dranern 24
JloHBITIKO (AHMIIE, KPBHITIKA) 21
ApmaTtypa 22,32,34
Ornopa TpeHus! 0THOCTOPOHHSIS 23,32, 34
Ornopa TpeHus! IBYCTOPOHHSIS 17, 34
Onopa TpeHus HapaBJIAIONIas 7,8,14
10

HenonpmwkHas omopa (1mapHup)

Omnopa MepTBas (3amenka)

1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 32, 33, 34

IIpy>kuHHas nogBecka

13,32, 34

Kecrtkas moaBecka

23

Omnopa o011ero Bujia

7, 8,13, 14, 23, 26

AMOpTH3ATOP

23

CrepxHeBoii 0011ero Buaa (HEKOJIbIIEBOTO CEUEHUs)

4,5,6,9, 32,34

JKecTkwii aneMeHT (BCTaBKa)

18

Martpuunsiii cynepanement (Kpeiira-bemnTona)

32,33

Koneunsble y1eMeHTHI Mojiesn jetaseii TpyoonposoaoB (ACTPA-CTAJINO)

K2

Homepa Bepu¢uKalMOHHBLIX IPUMEPOB

O6ono4eynslii 8-mu yznosoi CITKD

28,29, 30, 31

TpexmepHslil 16-Tu y3nosoi NITKD

28

Tpexmepusiil 20-tu y3nosoi NITKD

27,28
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IIK ACTPA-ADC’2009. Matpuna Bepuduxanuu Ne3 (daement TC/ Buj

acuera / HoMep npuMepa)

Marpuns! BeprhUKaIim

Bup pacuera " & S g 2 § % s 3 ’§§ < g ;\o' S |
3 Ny T |5 |2 [§ S |3 S| 81 3| =38 2|8 Ix [ |2
S 3 : | § Sxlg |8 S _|S 3 3 R Sl $ 1Y I |X |IX
=] 3 % S| = s| 2123l <l 2=l =] S | = S S |3 |8 [CS_IE_IE
s El S| S| 8| FSs|ss|gs|sg|s8[E8~ S 8|8 8 ([s]=3I8%8%®
S| S| s §f & S| S|y S[EE S8 8| 5| S| 5% s |EEle5]5 55
AR RN EI I R I HH R R R R R .
S g TLEOIES el s e [ El Sl S REE 2|E |5 | |G
SO FI N B ECR 2l x| S S RS |s |8 |8
S |3 S < S 3 s IS & |&
f{’;‘c“gamemym Juzlufis |19 f20 J24 |22 (2 23 |17 |7 1,2, 23 |7 4,5, |18
HUKJIHYECKY 0 ;’ 6, i’s 18 g’ 2’ 6
NMPOYHOCTH 135 17’ 7’ ’
(ACTPA-CTALI) e &
18, | 23, 17,
19, |33 18,
20, 19,
21, 20,
22,2 21,
3, 22,
24, 23,
25, 24,
33 25,
33
z:g‘s: :";ﬁ;‘;f:l"::‘ 8,9, 10, |13, 32, 32, |34 |8, |10 |8,9]13 8, 9,
o 2 10”15 |18 L [ s |2
b b b b bl
(ACTPA-®OPM) 14, |16, | 34 14, 23,
16, | 23, 16, 26
23, | 26, 23,
26, |32, 32,
32, |34 34
34
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ACTPA-ADC’2009. Bepudukanuonsslii oruet. Tom 1

Bua pacuera

Pacuer Ha celicmMuye-

CKHe BO3eiicTBUs

(ACTPA-CEUCM)

Pacuer Ha

(ACTPA-BUEP)

BUOPONPOYHOCTH
Pacuer Ha

JluHaMu4eckue

BO3/elicTBUS

(ACTPA-JINH)

YTouHeHHBIH pacuer

AeTajien

(ACTPA-CTAJINO)

TpybonpoBoaa
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 3akioueHue

7. Onucanue Bepu(pUKANUOHHBIX IPUMEPOB (3a1a4, TECTOB)

[TonpoOHoe omnucanue BepupUKALMOHHBIX NPUMEPOB (3a7ay, TECTOB), BKJIIOUYEHHBIX B
MaTpullbl Bepudpukanuu (cMm. pazznen 6), npuseneHo B Ilpunoxkenusix 1 (moaTBep:kaeHUE BO3-
MoxkHOocTel panee arrectoBanHOM Bepcun ACTPA-ADC 6.1) u [lpunoxenun 2 (o6ocHOBaHUE
psina HoBbIX Bo3MoxHOcTel! ACTPA-ADC’2009).

B Ilpunoxxennn 3 coOpaHbl HEKOTOPHIE MOKA3aTEIbHbIC MPAKTHUYECKUE MPUMEPHI MPOEK-
TUPYEMBIX-IKCIUTYaTUPYEMBIX TPYOONPOBOJHBIX CUCTEM (TPOCTPAHCTBEHHBIX PAa3BETBICHHBIX,
HPOTSKEHHBIX, C BKJIIOUEHUEM O00OPYJOBAHMS M OMOPHBIX KOHCTPYKLUMH, OOJBIION pa3MepHO-
CTH), IEMOHCTPHUPYIOIINE BO3MOKHOCTH UCIIOJIb30BAHUS BEPUPUIIUPYEMOTO “IPOMBIIIIICHHOTO”
IPOrpPaMMHOr0 KOMILJIEKCA B MMPOEKTHO-KOHCTPYKTOPCKUX OpraHMU3alUsIX U MPOrpecc B YUCIICH-
HOM MOJEIMPOBAHUHU BOOOIIIE.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 3akioueHue

8. PesyabTaTsl Bepuukanumn

Pesynbrarer Bepudukanuu [IK ACTPA-ADC npeacraBieHsl B MOCIEIHENH KOJIOHKE MaT-
puibl Bepudukanuu 1 (cMm. pasaen 6), a Takke B [Ipunokenusx 1 u 2 HaCTOAIIETO OTYETA.
“ITorpemrHocTr” (pacxokaeHus) moiay4yeHHbIX pe3yibTaToB 1no ACTPA-ADC’2009 c
“3TaJIOHHBIMU” PELICHUSIMU ONpeaensTcs Kak (4,%)
o0=|(4-B)/B|-100,
rae A — pacuernsii ACTPA-napameTp, B — BeIMUUHA “ITaJIOHHOTO” PEUICHUS.
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9. HpOCKT ATTECTAIMOHHOI'O IacmopTa

®enepaabHblii Hag30p Poccun o siepHoOi 1 paInanMoOHHOM 0€30I1aCHOCTH

HAYYHO-TEXHUYECKHWHN HEHTP 11O AAEPHON U PAIUAIIMOHHOM BE30-
ITACHOCTH

ATTECTAIIMOHHBIN ITACITIOPT ITIPOTPAMMHOI'O CPEJICTBA

Ne Ne

peructpanuonsslii Homep I1C B LlenTpe PEruCTpallMOHHBIN HOMED

1o opranuzauuu 3xcneptussl 11C arrecrauuonHoro nacrnopra [1C
JlaTa perucTpanuu JlaTa BbIIA4n

HaszBanue mnporpammuoro cpenctBa: Komnaexc npoepamm ACTPA-ADC (sepcus ACTPA-
ADC’2009). AsmomamuzupoarHulil pacuem HU3KO- U 8bICOKOMEMNEPAmypHbIX mpyobonposoo-
HbIX CUCMEM HA CMAMUYecKylo U YUKIUYEeCKYI0 NPOYHOCMb, HA CelucMudeckue 6030elticmeusl,

BUOPONPOUHOCMb U HEYCNAHOBUBUIUECS OUHAMUYECKUE NPOYECCHL 8 COOMBEMCMEUU ¢ Mpebosa-
Husamu Hopm [THAD I'-7-002-86

OBM: IBM-coemecmumore IIDBM
OmnepanmonHas cucrema: Windows 9x/2000/NT/XP/Vista
S3bIK (s1361KM) porpammupoBanust: Intel Visual Fortran 11.1, Builder C++, Visual C++

Wms aBTOpa (aBTOpOB): herocmoykuii A.M., Boponosa I'.A., [lomanenuxo A.JI., lluwkuna A.H.,
Kneney O.1O., Ayn A.A., Ocmposckuu K. 1.

Pazpabortunk: 340 «Hayuno-uccreoosamenvckuit yenmp Cma/[uO» (340 HUL] Cma/[uO)
3assurens: 340 HUL] Cma/[uO, OAO «Amomsunepeonpoekm», OAO «OKE 'uoponpeccy
Pemenne Cosera no arrectauuu [1C:

[Ipunoxenue: Ha 6 cTp. B | 2K3.

M.II. Tlpencenatens Cosera no arrectamuu [1C

(I'ep6oBas neuarp HTL] SIPB)

Vuensiii Cekperapb CoBeta no arrectauuu [1C
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[MPUJIOXEHUE K ATTECTALIMOHHOMY ITTACIIOPTY TIC Ne
(Komnnexc npoepamm ACTPA-ADC, eepcuss ACTPA-ADC’2009)

1. IlepedyeHb perucTpUpyeMbIX MPOrPAMMHBIX MOJIYJIEH, UX PETHCTPALOHHBIE HO-
Mmepa B LleHTpe no oprannzauuu sxcneptuss I1C.
IIpoepammmblii KOMNAEKC He COOePIAHCUM OMOENbHO PE2UCPUPYEMbIX MOOYIEl.

2. Hasnauenne u o6snacts npumenenus [1C.
2.1 Ha3znauenue.

[IK ACTPA-ADC npeonasnauen Oasi a8momMamu3upo8aHHO20 pacuema NpoU380JbHbIX
NPOCMPAHCMBEHHBIX PA3BEMBIIEHHBIX U NPOMSNCEHHBIX MPYOONPOBOOHBIX CUCEM HA cmamuyie-
CKYIO U YUKIUYECKYI0 NPOUYHOCMb, HA celcMudecKue 8030elicmaus, 3a0anHble CNeKmpamuy omee-
ma u akcenepocpammamil, Ha 8UOPONPOUYHOCMYb OJIsl YCMAHOBUBLUUXCSL PEHCUMO8 KONOAHUL U HA
HeyCmaHosusuiuecss OUHAMU4ecKue npoyeccobl 8 COOmMEemcmsauu ¢ mpebo8aHusmMu Oeticmeayio-
wux “Hopm pacuema na npounocms obopyoosanus u mpybonposooo8 amoMHbIX dHepeemuyie-
ckux yemanogoxk. ITHAD I-7-002-86".

Tpybonposoonvie cucmemuvr (TC) paccmampuearomcs Kaxk npoCMpPanCmMEeHHO-
cmepoicHesbvle (¢ yuemom 000104euHblx Ihpexmos 6 2ubax-KoieHax u Opmo2oOHANbHBIX MPOl-
HUKAx) u JuHelHo-ynpyeue (¢ 803MOMCHbIM yuyemom d¢hgekmos mpenus Kynona u ompwiea 6
onopax). TC mooicem codepacams 3aMKHYmMble KOHMYPbl, C80000HbIE, UAPHUPHO onepmuvle U
3auemieHHble KOHYbl, NPOMEIHCYMOUHbIEe ONOPbLL (Mepmeble, NPYHCUHHbIE, CKONb3AuUe U KAmKo-
8ble, BKIIOYASL OOHOCHOPOHHUE ONOPbL U dcecmKue msel), TUH308ble U CUTbHOHHbIE KOMNEHCA-
Mopbl, CMepPIHCHesble INeMEHMbl NPOUZBOTILHO20 Cedenus U Opyeue dleMeHmsl (6Kuoyas 0oopy-
0o6aHue U HeCMaHOapmHvle ONOPHbLE KOHCMPYKYULL), XapakmepHbvie 0 mpyoonposodos AIC.

3adaromcea u yuumul8aromcs 6 CMamu4eckux pacuyemax cieoyloujue Hazpy3ku u 6030eli-
cmeus 01 pexcumos HYD (nopmanvuwix ycnosuti sxcnayamayuu), HHYD (napywenus Hop-
manvHuix yenosuti sxenayamayuu), I'U (cuopoucnoimanuir) u AC (aéaputinvix cumyayutl):

— GHympenHee U HeulHee Oasienue,

— cmamuyecKkue CUibl U MOMEHMbl 8 NPOU3BOTbHBIX CeUeHUSX,

— pacnpeoenenHHas Hazpyska no 3-M HANpaeleHusM (8KI0Yds 8eco8yl0 Om NpoOyKmd,
Memanna u u3onayuu),

— pacnpeoenienHblil MOMEHM OMm HEPABHOMEPHO20 NO 8blCOMe CeyeHUs Hazpesa (Hanpu-
mep, npu cCmpamuuyupOBaAHHbIX MeYeHUsX),

— memnepamypa Hazpesa (0X1axcoeHus),

— memnepamypHuvle nepemewieHus onop,

— MOHmMAadMCHbIL Hamse (pacmse).

s ounamuyeckux 3a0ay 3a0arOmcsi aMnaumyOHO-4Yacmomuule U (UIU) 8pemMeHHble Xa-
PAKMEPUCMUKU CEUCMUUECKUX, BUOPAYUOHHBIX (SUOPOOUHAMUYECKUX), UMNYIbCHO-NEPEXOOHbIX
u asaputinvix (MIIA) eo3z0eticmsuii.

Komnnexc npoepamm ACTPA-ADC (ammecmyemasn wacmsv) cocmoum u3 7-u npocpamm-
noix mooyneii (IIPE-ACTPA, ACTPA-CTAL], ACTPA-®OPM, ACTPA-CEHCM, ACTPA-BUEP,
ACTPA-JIUH u IIOCT-ACTPA), umerowux eounvie memoouyeckue u HOPMAmueHvle OCHOBLI,
Ccnocob nocmpoenus paciemuol Mooeau, COBMEeCMUMbIX N0 UCXOOHBLIM OAHHBIM, UX 3A0AHUIO U
¢opme npeocmasnenus pesyromamos, u Mmooy ACTPA-CTAI[UO ons ymounennozo pacuema
Ooemanei mpyoonpoeooos.

1) IIPE-ACTPA — muocopyHkyuonanvulli “‘npenpoyeccop’” Komniexca, obecneuusaio-
WUl OUAI0208bIli MHO2OOKOHHbIU PEeNCUM 3A0AHUS, 2eHepayuu U GU3YAIU3AYUU PayuoHATbHbIX
NPOCMPAHCMBEHHO-CMEPIHCHEBLIX paCiemublx mooeell mpyOOnpoBOOHbIX CUCNEM (C 803MOiC-
HOCMAMU UCNONL308AHUA 0A3 OAHHBIX NO MAMEPUANaM, ONOPAM, NPYHCUHHBIM HOOBECKAM U
Granyesvim coeOuHeHUsM, panee 3a0AHHbIX MoOelell, pACCMAHO8KY ONOp U pacnpeoenerue Ou-
Hamuyeckux cmenenell c60000vl), cesa3v ¢ npedvioywumu sepcusimu ACTPA-HOBA, umnopm-
9KCnopm mooeell, NOUCK U 0moopajiceHue KOMMU3ULL (nepeceyeHutl, KacaHutl U HeOOnyCmumo
MAbIX 3a30p06 mpyo), eny6oKas OUasHOCMUKA OUUOOK;
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2) ACTPA-CTAL] — pacuem na cmamuueckyro u YuKiuveckyio npo4HOCMb HU3KO- U Gbl-
COKOmMeMNnepamypHvix (6 coomeemcmeauu ¢ MemoouKou, npusedentoul 8 [1, 2]) mpybonpoodos
ADC. J[nsa onopuwix KOHCMpPYKyuil, 3a0a8aemvlx 8 oOwel u MeCmHou cucmemax KoopouHam,
APOBOOUMCA PAYUOHALHBIN 8b100p UX Xapakmepucmuk. lIpyscunnsie noosecku copmamenma
MBH-043—63, OCT 108.764.01-80, OCT 24.125.109-01, ‘“cneynpyxcun” (BHUIIUIT) u
LISEGA moeym umembs 3a0anHble XApaKmMepUCmuku Uil Xapakmepucmuky, 6blopaHuvlie npo-
2PAMMHO nymeMm OnpeoeleHusl Haepy30K 8 paboyem U X0N00OHOM COCMOAHUU, CMPYKMYPbl NPY-
HCUHHBIX Yeneu, Ux 3amsadCKu U 0CAOKU, 803MONCEH y4em HAKIOHA NPYICUHHBIX NOOBECOK Npu
memMnepamypHuix nepemeujeHusx mpyoonpoeooa. /s «cneynpyscuny yuumol8aromcs maxosce
VOIUHEHUs: ms2 U USMEHEHUEe MePMOMEXAHUYECKUX XapaKkmepucmuk npysicun npu naepese. llpe-
0yCMOmMpPeHbl 8ce NPAKMUYECKU 3HAYUMbLE 8UObL U PENCUMbl NPOUHOCHHBIX PACYEmOo8 HA HOp-
MAMUBHO pezramenmupyembvle COYemaHnus K8asucmamuyeckux U MaioyuKiosblx 030euUcmeuii:
0asneHus, pacnpeoeieHHol MAcCbl U COCPEOOMOYEHHbIX HAZPY30K, MeMNepamypHo2o Hazpesa
mpyoonpoeooa, cmeweHull e2o 3aueMIeHHbIX KOHY08, MOHMAICHO20 pacmsa U op.

Pezynomamamu pacuema sasnaromcs nepemeweHus (MUHeliHble U Yellosble), pacuemuule
npugeoeHnvle U OONYCKAeMble HaANPANCEHUs. 60 6CEX PACYEMHbBIX CeYEeHUAX YUACMKO8 (8K0Uas
2ubbl U KOeHa) u 6 MPOUHUKOBLIX V31aX, 8bIYUCTIeHHbLE NO YNPOUWEHHOU U YIMOYHEHHOU Memoou-
Kam, cunogvle paxmopwl (6 obuell u MeCmHol CUCeMax) 6 3d0AHHbIX CeYeHUsX, Ha2py3KU Ha
0bopydosanue (KOHYegble ONOPbL) U V3/Ibl YHACMKO8, A MAK’Ce HA ONOPHbIE KOHCMPYKYUU, NpY-
JHCUHHBIE NOOBECKU U JHcecmKue msacu 6 pabouem U XOA0OHOM COCMOAHUAX, pedcume 2uo-
PO(NHe8MO)UCnbIMAanuil; Munsl U XapaxKmepucmuKu 6blOPAHHLIX NPYHCUHHBIX NOOBECOK.

3) ACTPA-®OPM — nozeonsem onpedenums mpebdyemoe Yucio (uiu 6 mpeoyemom dac-
MOMHOM OUANA30HE) HUSUUX COOCMBEHHBIX YaACMom u ¢opm Korebanuti mpyoonposooHoll Cuc-
membl. Maccvl mpy6onpogooos u mexHoi0cuiecko2o 060py008anus NPeocmasisaomcs 8 uoe
COCPeOOMOYEHHBIX MACC, NPUBLOECHHBIX 8 3A0AHHblE MOYKU (CeUeHUs) pACUemHOU MOOeaU Ul 8
ceuenus, cenepupyemvle cpeocmeamu npenpoyeccopa [IPE-ACTPA. Maccel umerom 0o wecmu
cmenenetl c80600bl.

Buiyucnennvle coocmeennvle yacmomul u popmuvl Koredanuii Mocym aub6o Henocpeocm-
BEHHO UCNONb308AMbCA NPU OYEHKe SUOPONPOUYHOCTIU (OMCMPOUKA Om pe30HaHca), aubo npu-
mensiomes npoepavmamu ACTPA-CEHMCM, ACTPA-BUBP u ACTPA-JJUH npu pacuemuom
auHanuze celicMu4eckotl, BUOPayUOHHOU U OUHAMUYECKOL peakyuu mpyoonpoeooos.

4) ACTPA-CEHCM — pacuem mpy6onpoeoouvix cucmem AIC na celicmuueckue 6030eli-
CmMeuUsi;, MONbKO CEUCMUUECKUX HASPY30K UMU CYMMAPHO20 Oeticmeusi 0deieHuUs, cOOCMBEeHHOU
MAccol U ceucMudeckux Hazpy3ok. B kauecmee celicmuyeckoeo 6030eticmeusi MOJMCHO 3a0a8amb
CHeKmpbl OMBEMO8 U/ Ul OMBEMHble AKCeNepOcPaAMMbl 3eMAeMPICEHUs HA OMMemKe KpenieHus
mpy6onposooa 8 00HO- UIU MPEXKOMHNOHEHMHOM 8UOe.

Pezynomamamu pacuema aensromes aunelnvle U yenogvle celicmuieckue nepemeujeHus u
YCKOPEHUsl, CeticMuyecKue Hazpy3Ku Ha NPYJ*CUHHbIE NOOBECKU U ONOPHble KOHCMPYKYUU, Npuse-
OeHHble HanpsdiceHus epynnvl (Oy); 6 ceuenusx cynepaiemenmos ("yuacmkog") u ¢ mpounuxax,
cunosvle hakmopwvl 6 mecmuoul u obwel cucmemax koopournam. Ilpu 0OHO8peMeHHOM 3a0anuu
HeCKOJIbKUX 8APUAHMOSE CElICMUYECKUX 8030eliCMEULl 803MONCEH 8b100P MAKCUMANbHLIX nepeme-
WeHUll, HANPSIICEHUI U HA2PY30K N0 8CeM 88€0EHHbIM 8030€LLCNBUSIM.

5) ACTPA-BUBP — pacuem na eubponpounocms mpyoonpogooHuvix cucmem AIC; npo-
B00UMCA CNEKMPATbHBILL AHATU3 NAPAMEMPOS BbIHYHCOCHHBIX YCMAHOBUBUIUXCS 0emepMUHUPO-
sanHbvlx Konebanul cucmemol. Cunosoe HazpysiceHue 3a0aemcs 01 NPOU3BOIbHbIX CeUeHUUl cXe-
Mbl 8 NOIUSAPMOHUYECKOM 8Uude. Bvinonnaemces 0sa éuda pacyema:

— onpedeeHue 0ONYCKAemMblx amMnaumyo eubponepemeweHutl (YCuiuil, Hazpy3oK Ha Ono-
pbl u 060pyoosanue) npu Koiedanusx mpyoonposooa no Kaicoou y4umsléaemou coOCmeenHoll
Gopme u3 ycnosus 0ocmudiceHusi 00NYCKaemo20 3HaA4eHUs MAKCUMANTbHLIMU HANPANCEHUAMU,

— pacuem napamempos GbIHYHCOCHHbIX YCMAHOBUBUUUXCS KOJIEOAHUN (aMnaumyo nepe-
MewjeHull, Hazpy30K U HANPAHCEHULL).

Pezynomamamu pacuema sensaromces coocmeennvlie yacmomul U hopmul (8 mpedoyemom
YACMOMHOM OUANA30He U/UNU 3A0AHHOE YUCTO0), AMNIUMYObl BUOPAYUOHHBIX NepemMeujeHull u
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HanpasjceHui, 0onycKaemvle HanpsjiCeHus, cui08vle hakxmopsvl 8 MECMHOU cucmeme KOOpOUHam
07151 Kaxcoou cOOCMBEHHOU WU BLIHYHCOAIOWEL YACIOMbL.

6) ACTPA-/IUH — pacuem mpybonposoonvix cucmem ADC na neycmanosusuuecs ou-
Hamuyeckue npoyeccol. Onpedensiomcs napamempuvl HeyCMaHOSUBUIUXCS BbIHYHCOCHHBIX KoJle-
banuil, Heobxooumble 0Nl OYeHKU NPOYHOCMU NPU HECMAYUOHAPHBIX (NEPEeXxOOHbIX) pedcumax u
AHAU3A ABAPULUHBIX CUMYAYULL, C8A3AHHBIX C PA3pPbleamu mpyoonpo8ooos.

Cunogvie Oounamuyeckue 6030€UCMBUsL 3a0aAlOMCs 8 NPOU3BOJILHLIX MOUYKAX CUCTIEMbl
mpy6onposooa 8 8uoe 8PeMeHHbIX 3d8UCUMOCHel 0ABNIeHUS U/UNU COCPeOOMOYEeHHbIX CUIL.

Pezynomamamu pacuema sgnsaromes ounamuyeckue nepemeujenus, YCUnus, Hazpysku Ha
ONOpbL U Y31bl, AMIIUMYObL NPUBCOCHHBIX HANPANCEHULL OJis 8CeX MOMEHMO8 8peMeHU, d MaKice
MAKCUMANIbHbLE 3HAYeHUsL (3a 8peMsl 6030eliCEUsL)

7) IIOCT-ACTPA — «nocmnpoyeccop» Komniekca obecneyugaem cledyrouue pelcumsl
pabomul ¢ pe3yIbmamamu Cmamuieckux U OUHAMUYECKUX PACUemOo8:

— OUAZHOCMUKA NPesblUleHUTl PACYEMHbIMU naApamempamu (HanpaxsceHus, Hazpy3Ku
Ha onopbwl, 63aUMHbIE nepemeuieHus mpyo) KpUmepuaiIbHbIX 3HAYEeHUIL;

— eu3yanu3zayus nepemeuieHull 01 6cex 3HaUUMbIX IMAn08 pacuema, 6Ki04aAs onpe-
oenlenue KOaIUu3uil — HeOONYCMUMO MAablX 3a30P06, KACAHUI u nepeceveHuil mpyo 6 oeghop-
MUPOBAHHBIX COCMOAHUAX,

— GU3YANU3AUUA YCUNUIL U HANPAICEHUI C OUYEHKOU NPOYHOCHU NO HOPMAMUGHBIM
Kpumepusam;

— 8U3YANU3AUUA HAZPY3OK HA ONOPBL U RPYHCUHDL;

— aHUMAayuA cOOCMBEEHHBIX hOpM Ko1edanuil,

— MabdaUYbl MAKCUMATILHBIX NEpeMeu|eHUll, HanPA}CeHUll, YCUIUN U HAzpy30K, 6bl-
00pKu no copmamenmam mpyo, 2ub606 u mpoiuHuUKOG,

— noJIHble MAbIUYDBL Pe3YTbMAmos paciema,

— ¢popmuposanue omuema,

— coxpaHnenue, nepeumenosanue u yoaienue aiiioe pe3yibmamoas.

8) ACTPA-CTA/[UO — ymouneHuwlil pacuem no NpOCMPAHCMEEHHO-000NI0YEUHbIM U
00beMHbIM CXemMam memooa KoHeunwvlx snemenmos (MKD) cmayuonapuvix memnepamypHuix
nozet, HanpsaxceHHo-oegpopmuposannozo cocmosnus (HAC), cmamuueckoul, yukiuueckou u
celicMu4eckol NPOYHOCU CIeOVIOWUX MANHCENI0 HASPYHCEHHBIX IIeMeHmOo8 mpybonposooos npu
oelicmeuy NOIHOU CUCMeMbl K8A3UCMAMU4YeCKux Hazpy3oK (6HympenHee OagleHue, 6ec U mem-
nepamypHvle depopmayuu, ocedas u nonepeyHvlie CUlvl, uzudarowue U Kpymsauwuti MOMeHmbl
HA 2Panuyax-mopyax).

1) mpoiiHuK08 OpMOCOHANLHBIX U HEOPMOLOHANbHLIX (KOCHIX) pAOUAIbHLIX (C8APHBIX,
UWMAaMROCBAPHBIX, WUMAMNOBAHHBIX U KOBAHBIX, C HAKIAOKAMU U NAAKUPYIOWUM CTIOEM);

2) 0me00086 (2ubos, KojieH) SHYmMbIX, KPYMOU30SHYMbLX, WMAMNOBAHHBIX U CEKMOPHBIX C
Vuemom ANUNMUYHOCMU, PAZHOCMEHHOCMU (NepeMeHHOl MOIWUNb] CeYeHUs]) U NPUMBIKATOUWUX
npAMbIX mpyo;

3) KoCbix cmbIKO8;

4) KOHUYeCKUX Nepexo008 KOHYEHMPUUECKUX U C IKCYEHMPUCUTNETOM,

5) nuH306bIX U CUNLPOHHBIX KOMNEHCAMOPOB OCEBbIX, Y2I0BbIX U COBULOBLIX (MHO2080.I-
HOBbIX C Y4emom NPUMbIKAIOWUX NPAMbIX MpY0);

Honnocmoto coemecmuma ¢ ACTPA-AIC’2009 (3xcnopm zeomempuueckux Xapak-
mepucmurk, Qu3UKo-mexaHuyeckKux ceoiicme u Hazpy3oK 3HAYUMBIX IMAN0E CHAMUUECKO20
U CelicMUYecKo20 pacyemos, UMNOPHM YHIOYHEHHbIX HANPANCEHUI U MAMPUY IHCECMKOo-
CIMU/NO0amaueocmiu).

OcnosHble peanu3o8anHbvle 2UNOme3ssl: U30MPONUA U TUHEUHAs YIPY20Cb Memaiia (Qu-
3UYecKas MUHeUHOCMy) U MAI0CMb Oedhopmayuii-nepemeyerull (ceomempuyeckas TUHetHoCmy).

2.2 Tun o6bexTa UCII0JIb30BAHNS ATOMHON YHEPIHH.
Tpybonposoousie cucmemvr AJY
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2.3 Mopenupyembie peKuMBbI.

3adalomcea u y4umul8aromcs 6 CMamu4eckux pacuyemax cieoyloujue Hazpy3ku u 6030eti-
cmeus 0aa pexcumos HYD (nopmanvuwix ycnosuti sxcnayamayuu), HHYD (napywenus Hop-
manvHuix yeaosuti sakenayamayuu), I'U (cuopoucnvimanuir) u AC (asaputinwvix cumyayuti):

— GHympenHee Ul 8Heullee dasiienue,

— cmamuyeckue Cuibl U MOMEHmMbl 8 NPOU3BOILHBIX CeUEeHUSX,

— pacnpeoenenHHas Hazpys3ka no 3-M HANpAeleHUusM (6KIHUds 8eco8ylo Om NpoOoyKmd,
Memania u u3onayuu),

— pacnpeoeienHblll MOMEHN O HePABHOMEPHO20 NO 8blCOMe CeueHus Hazpesa (Hanpu-
mep, npu cCmpamu@uyupoO8aHHbIX MeYeHUsIX),

— memnepamypa Hacpesa (0X1axcoeHus),

— memnepamypHule nepemewjeHus onop,

— MOHMAMNCHBIL Hamse (pacmsie).

s ounamuyeckux 3a0ay 3a0ar0omcs amMnaumyOHO-4acmommusle U (Uiu) 8pemeHHble Xa-
PAKMEPUCMUKU CEeUCMUYECKUX, SUOPAYUOHHBIX (2UOPOOUHAMUYECKUX), UMNYTIbCHO-NEPEXOOHbIX
u asaputinvlx (MI1A) eo3z0eticmsuii.

24 OrpaHudeHus Ha IPUMEHEHUE

OcpaHnuyenus Ha 2eoMempuro, 8elU4UHbL HAZPY3OK U PeaKyuro CUCmemvl: CUCmeMbl
paccmampusaromcs KaKk cmepaicHesvie (¢ yuemom 000104eunblx 3¢hhexmos 6 eubax u mpoti-
HUKAx) u JUHelHOo-ynpyaue, HeIUHelHOCms «npedCcmasiena» 0OHOCMOPOHHUMU ONOPAMU U
onopamu mpeHus.

Konuuecmeennvle oepanuuenus na napamempul pacuemuou mooeau 0 eepcuu ACTPA-
ADC’2009:

1) onsa eceti mooenu:

— Y3108 CMbIKOBKU Y4ACMKO8-CynepaieMenmos (nepazsemenenuvix) — 0 - 4 000,

— cynepanemenmos (HepazsemeieHubix yuacmkos) — 1 - 4 000,

— MPOUHUKOBbIX coeduHenull u Onuwy (kpviuek) — 0 - 4 000,

— “Mmampuynvix”’ cynepanemenmos (dcecmrxocmu, macc, Haepy3ok)— 0 - 4 000,

— OuHamuyeckux cmeneneti c0600vi — 1 - 60 000,

— BLIYUCTIACMBIX/YUUMBLIBACMBIX COOCMBEHHBIX Yacmom u popm konredbanuii — 1- 4 000,

— mouek 3a0anus ceticmuieckozo cnekmpa omeemos — 1 - 10 000,

— mouex 3a0anus akceiepozpammsvl (wazos unmeepuposanus) — 1 - 60 000,

— CceueHUll/21eMeHmMo8 3a0anusi MPeXKOMNOHEeHMHbIX OuHamuyeckux nazpy3oxk—I1-2 000.

2) 011 Kasco0o2o cynepaiemeHma (Hepa3zeemeieHH020 Y4acmKa ¢ 00uuMu @Qu3uKko-
MeXaHUudecKumMu Xapakmepucmukamu,):

— 91eMeHmOo8 (OMpe3K08) NPAMO- U KpUBOIUHEUHbIX mpYo u nepexo0os — 1 - 400,

—NPYACUHHBIX NOOBECOK, ONOPHLIX KOHCMPYKYUL, ‘dcecmKux 31eMeHmos” (6cmasok),
NPOU3B0JIbHO OPUEHMUPOBAHHBIX 8 NPOCMPAHCMEe cocpedomodenHblx Hazpy3ok — 0 — 400,

— IUH308bIX/CUNbDOHHBIX KOMNEeHcamopos — 00 30,

— ¢ananyes — 0o 100,

— Hekoabyesblx ceuenutl — 0o 100,

— apmamypa (kranawnsl, 3a06udxcku) — 0o 100,

— ceueHull ¢ OONOAHUMENbHBIMU Hanpsxceruimu — 0o 100,

— MOHMAACHBILL pACMA2 — 8 OOHOM Ce4eHUlU,

— noaueapmoHuyeckux (ubpayuonuuvlx) cui — 0o 30, uucno eapmonux 6 cuie — 0o 50.

Ha kastcoom yuacmrke-cynepanemenme moocem Ovlms OONOIHUMENLHO (K « CIMAMUYECKUM
onopam) 3adano 0o 100 amopmuzamopos — onop, 001a0AOWUX 3AOAHHBIMU OUHAMUYLECKUMU
HCECMKOCMAMU, HO He NPensimcmeyiowux CMamuidecKum U memnepamypHolM nepemeuieHusIMm
mpy6onposooa.

2.5 JonycTruMble 3HaYEHUS TapaMETPOB.
Ynpyeas obnacmv Oegpopmuposanus (uzuueckas auneriHocmv), manvle Oepopmayuu-
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nepemeujenus (ceomempuueckas TUHEUHOCMb), HeUHeluRas paboma OnopPHO-NOOBECHOU CUCHe-
Mbl (MpeHue CKOIbAHCEHUS/KAYeHUs. U OMPbIGbl) NPU CIAMUYECKUX, MeMNepamypHbulX, celcmuye-
CKUX, BUOPAYUOHHBIX U OUHAMUUECKUX 8030€LLCMBUSIX.

2.6 [TorpemHocTs, oOecneurBaeMast B 00J1aCTH I0IYCTUMBIX 3HaYEHH MapamMeTpoB.

Ilpakmuueckas mMouyHOCMb PAcyémos onpeoensemcs MmMOYHOCMbIO 3A0AHUA  QUIUKO-
MEXAHUYecKUx Xapakmepucmuk Mamepuaios u modyHocmvlo camou mooenu. Iloepewnocmu
Pacuémos no pe3yibmamam mecmuposanus UMem C1eoyioujue 3HaueHus.:

cmamudeckue nepemewieHus, YCUunus U HanpaiceHusl - 5%,
cobcmeeHHble yacmomul U hopMbl KONeOAHUL - 2%,
ceticMuyeckue pacuémsl no JUHeUHO-CNeKmpailbHOU meopuu - 10%,
napamempsl OUHAMUYECKO20 pacyema - 15%.
3. CaeneHusi 0 METOJIMKAX pacyeTa, ucnoibzyemsix B [1C.

Peanuzosan eounviti anecopumm pacuema mpyoonposooos (onpedeieHue nepemeujeHull,
HA2PY30K HA ONOPbl U YCUNUL 8 CEeYeHUAX) KAK TUHEUHO-YNPYSUX NPOCMPAHCIEEHHBIX MHO20-
KPaAmuo cmamudecku HeonpeoeiuMblx CIMePHCHEBbIX CUCEM, COYemalowuli cynepianemeHmublil
no0xX00 Memooa nepemeujerull, Memoobl HaAYAIbHbIX NAPAMEempO8 U NPO2OHKU (0JIsl KAHCO020
cynepanemMenma) u cneKmpaibHyr0 MemoouKy peulenus ouHamuyeckux zaoay. Ilo npoepammmuo
Peanu308aHHbIM AHATUMUYECKUM 3A8UCUMOCTIAM YYUMbIBAEMCs NOBbIUEHHAA 000N0YeUHAs NO-
0amausocmo KpusoIuHelnvlx mpyo (3gpgpexmor Kapmana) u opmoconaivHulx mpouHUKo8bX Co-
eOUHeHUll, N0 3A0AHHbLIM KO3phuyueHmam Hcecmkocmu — HOOAMIUBOCMb 8pe30K “mpyba—
obopyoosanue”. Dhghekmovl nonzywecmu u perakcayuu 07 8blCOKOMEMNepamypHuix mpyoo-
NPOBOO08 YUUMBIBAIOMCS IKBUBAICHMHBIMU (CKOPPEKMUPOBAHHBIMU) MeMNepamypamu U cme-
WeHUuAMU Onop 05 paboue2o u X0100H020 cocmoanull no memoouke PTM 24.038.08-72 [1].

Tpenue Kynona 6 onopax ckonvoicenus u xavenusi 6 cmamuxe (ACTPA-CTAL]) mooenupy-
emcs cucmemou IKBUBAIEHMHBIX (PUKIMUBHBIX 2OPUSOHMATLHBIX C8A3€l, HCECMKOCMHblE XaAPaK-
MePUCMUKU KOMOPBIX ONPeOeisliomcsl 8 2apanmupo8aHHO CX00ULeMCsl UMepayuoHHOM Npoyec-
ce. Taxowce 8 umepayuonHom npoyecce onpeoensemcs 0 Karcoo2o dmana Cmamuyecko2o pac-
yema cmamyc 0OHOCMOPOHHEL ONopsl (Mpyoda nexcum Ha onope uiu He KOHMAaKmupyem) u Hce-
CmKoU maeu (noogecku,).

Ocesgvle, yenogvle, co8ucosvie U KOMOUHUPOBAHHBIE TUH308ble U CUTbHOHHbBIE KOMNEHCA-
MOpbl CXeMAMUSUPYIOMCA NPAMOTUHEUHBIMU dJIeMeHmamu (ompe3kamu) ¢ 9K8UBANeHMHbIMU
Xapakmepucmukamu ceyeHusi Ha pacmsdiceHue-cocamue, cogue, uzeub u kpyuetnue. Apmamypa
(3a08UdCKU, BEHMUNU, KIANAHBL) MOOETUPYEMCSL HCECMKUMU 8CIMABKAMU C IKBUBATEHMHLIMU HA-
2PY30UHBIMU U UHEPYUOHHBIMU XAPAKMEPUCTUKAMU.

Pewenue pezyromupyioweii anceopauueckou cucmemsl YpagHeHull pagHosecusi cynepaie-
MeHmHOU MoOdenu (onpedeenue 6eKmopa nepemeweHull 8 y3iax) nposooumcst 0. CmamudecKux
3a0ay (ACTPA-CTAL]) u npu onpedenenuu mampuy nooamaugocmu (ACTPA-CEUCM, ACTPA-
BUBP u ACTPA-/[MH) no cxeme keaopammuozo kopHs (Xoneyxkoeo) ¢ yuemom noioHcumeibHoul
onpeoeneHHoCmu, CUMMEMPUYHOCMU, OIOYHOCIU U PA3PEHCEHHOCU MAMPUYbL HCECMKOCMU.

3nauumvie cobcmeenHvle yacmomol U coomeemcmsyrouiue um hopmol Koiebanuil (8 mpe-
Oyemom 4acmomHom Ouanazone u/unu 3a0aHHoe Yucio) OUHAMUYECKOU MOOeNU CUCIEeMbl, YYll-
muleaemvie 8 pacuemax no npoepammam ACTPA-CEHCM, ACTPA-BUBP u ACTPA-JIHUH, on-
Peoenaomes u3z peulenus YacmHoll npooiemvl cOOCMBEHHbIX 3HAUeHUU OI0UHbLIM Memooom Jlan-
yowa.

Pacuem mpybonposoonou cucmemsl Ha celicmudeckue 8030eUcmsusi, 3a0aHHble MpPexXKoM-
nonenmuvimu  cnexmpamu  omeemos  (ACTPA-CEHCM), nposodumcsi no  aumetino-
CNEKMpAaNbHOMY Memooy, pacdem HA CeUCMO8030elicmeus, 3a0aHHble OMBEMHbIMU aKcenepo-
2paAMMAMU, BbINOIHACMCSA UHIMESPUPOBAHUEM YPAGHEHUL OBUNCEHUS CNEKMPATbHLIM MemOoOOM C
pasnodicenuem no codocmeeHnviM opmam Konebanuil (no cxeme ioamens,).

Ilpu pacueme na subponpounocmo (ACTPA-BUBP) ucnonv3yemcs chekmpaibHblll AHAIU3
napamempos GblHYHCOCHHLIX YCIMAHOBUBUIUXCS OeMePMUHUPOSAHHbIX Kolebanuti cucmembl. Cu-
J1080€ HazpyHceHue 3a0aemcs 8 NOIUSAPMOHUYECKOM UOe.
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B pacueme na neycmanosuswuecs ounamuuecxue npoyeccovl (ACTPA-{HH) pearuzosana
CNEKMpanbHas MEMoOUKa paciema HeyCmaHOBUSUUXCS BbIHYIHCOCHHBIX KONeOaHUul 015 OYeHKU
NPOYHOCMU NPU HECMAYUOHAPHBIX (NEPEeXOOHbIX) pedcumMax U aHaiu3a asapuiiHblx CUmyayuil,
CBA3AHHBIX C pa3pvleamu mpyoonposooos. Cunogvle 8030elicmaus 3a0aromcst 8 8ude 8PeMeHHbIX
3asucumocmeil 0asieHus u/uiu cocpedomo4eHHbIX CUIL.

Ymounennwiti pacuem memnepamyprozo u HANpAICeHHO-0ePOPMUPOBAHHO20 COCMOAHUS
oemanei TC (ACTPA-CTAHHO) evinoausemcs no npocmpanHcmeeHHo-000104e4HbIM U 00beM-
HBIM CXeMam mMemooa KoHeuHwlx dnemenmos (MKJ) 6 nepemewenusx

4. Caenenus o 60a3zax JaHHBIX (OMOIMOTEKaX KOHCTAHT), Ucoib3yembIxX B [1C.
Ilpoepamma pedaxmuposanusi u nonoaHenuss 6a3 OAHHbIX (N0 XAPAKMePUCIUKAM Mame-
puanos, CopmameHmam oemaiell, Hazpy3Kam U 6030eticmeUsM) — He ammecmyoncsl.

5. [Tepeuens opranuzanmii, sxcryarupyromux [1C (koMMepueckre Bepcu ):

340 HUI] Cmal[uO, OAO "Amomsuepeonpoexm”, OAO "OKB "T'uoponpecc”,
HIK® “Pocanepeoamom”™, OAO 3UOMAP, AO POCOII, 340 “Cenvanepeonpoexm”, “Ceepo-
HUlXumMaw™”, I'OY BIIO MI'CY, “Kuessnepconpoexm”, “Xapvroesnepeonpoexmy, HIIO
"Bexmop", HTL] AIPH I'ocamomuaosopa Yrpaunwt (Yepauna), Uenanunckas ASC (Jlumea), /[P
"Enepeonpoexm” (boneapus).

6. JononuurenbHast UHGOpManus.
Hem
7. Oco0ble ycoBus.
Hem
8. Od¢ununansuslie sxcneptsl (P.J.0., mecTo paboThl, 3aHUMaeMast 10JIKHOCTB).

VYuensrit Cekperaps Cosera o arrectanuu [1C
M.IL
[Ipencenarens cexkmuu Ne  Cosera mo arrectanuu [1C
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10. IlepeyeHb HCTOYHUKOB

1. Hopmbl pacuera Ha MpPOYHOCTh 0OOPYJIOBaHMSI M TPyOOIIPOBOAOB aTOMHBIX JHEpre-
tryeckux ycranoBok. [IHAD I'-7-002—-86. M., Dueproatomuszaat, 1989 r.

2. HopMbl pacuera Ha IPOYHOCTb CTAl[MOHAPHBIX KOTJIOB M TPyOONpPOBOJIOB Mapa U ro-
psueii Bonbl. PJ{ 10-249-98 (c Usmenenusimu Nel PIIN 10-413(249) —01 ot 13.07.2001). M.,
2001 r.

3. YkazaHus 1o pacyeTy Ha MPOYHOCTh M BHOPAIMIO TEXHOJOTHYECKHX CTAIbHBIX TPY-
6omposoaos. PTM 38.001-94. M., 1995 r.

4. Hopmbl pacdeta Ha MPOYHOCTh TPyOOmpoBo10B TernoBbix cereit. PJI 10-400-01. M.,
2001 r.

5. Maructpansusie Tpy6onposoasl. CHull 2.05.06-85. M., 1985 1.

6. Pacder TpyOOMpOBOAHBIX CHUCTEM AaTOMHBIX 3JIEKTPOCTaHIMK Ha mpodHocTh. PTM
108.020.01-75. M., 1975 r.

7. ASME Boiler & Pressure Vessel Code. Section III. NB-3630.

8. Be1bop ynpyrux omop il TpyOONnpOBOAOB TEIUIOBBIX U ATOMHBIX AJIEKTPOCTAHIIUH.
PTM 24.038.12-72. M., 1972 r.

9. PykoBOACTBO 10 pacueTy ¥ KOHCTPYHPOBAHHIO TPOHHUKOB TEXHOJIOTHYECKHUX TPYyOO-
npoBoAoB. M., 'maponpoext, 1984 r.

10. PykoBoicTBO M0 000CHOBaHMIO MPpodHOCTH TpyOomnpoBonoB ADC (3 penakuus). M.,
ADII, HULL Cta/luO, 1991 1.

11. IIpyXuHBI BUHTOBBIC HWIHHIPHYECKHE IS TToJBecoK TpyoomposoaoB TOC u ADC.
Koncrpykuus, pasmeps! u rexunueckue tpedoanus. OCT 108.764.01-80, HIIO LKTH, 1981 r.

12. Jleranu u cOOpOoYHbIE €NUHUIBI U3 CTAJNe ayCTEHUTHOTO Kilacca AJs TpyOompoBo-
noB ADC Dy=14-325 mm. Tunsl, koHcTpykuus u pasmepsl. OCT 24.125.01-89 — OCT
24.125.26-89. M., 1991 r.

13. Jleranu u cOOpOUYHbIE €IMHULIBI U3 CTAJICH MEPIUTHOTO Kiiacca it TpyOOIpoOBOIOB
ADC Dy=16-720 mm. Tunsl, koHcTpykius u pazmepbl. OCT 24.125.30-89 — OCT 24.125.57—-
89. M.,1991 r.

14. Tlonsecku Tpy6onposonoB TOC u ADC. IlpyxuHbl BUHTOBbIE LuiMHIprdeckue. Kon-
ctpykuus u pazmepsl. OCT 24.125.109-01, HITO LIKTH, 2001 r.

15. Kommiexke nporpamm ACTPA-AIC (DOS-Bepcus 6.1). ABToMaTu3upoBaHHBIN pac-
yeT TpybonpoBoaHbix cucteM ADC Ha CTaTUYECKYIO U IHMKIMYECKYIO0 MPOYHOCTh, Ha ceiicMuye-
CKHE€ BO3JICHCTBHS, HA BUOPOIIPOYHOCTh U HEYCTAHOBHUBIIHMECS TUHAMUYECKHE MPOIECCH B COOT-
BeTcTBUU ¢ TpeboBanusmu Hopm I[THAD I'-7-002—-86. OO6miee onucanue xomriekca. M., HUL]
Cra/lnO, 1991 1.

16. Kommneke nporpamm ACTPA-ADC (DOS-Bepcus 6.2). ABTOMaTU3UPOBAaHHBIN pac-
4yeT TpyoonpoBoHbIX cucteM ADC Ha CTAaTUYECKYIO U IMKJIMYECKYIO0 MPOYHOCTh, HAa ceiicMuye-
CKHE BO3JIEHCTBUA, HA BUOPONPOYHOCTh M HEYCTAaHOBUBIIMECS JUHAMUYECKHUE MPOIECCHl B COOT-
BercTBUU ¢ TpeboBanusmu Hopm I[THAD I'-7-002—-86. OOmee onucanue xomriekca. M., HUL]
Cra/luO, 1996 1.

17. Kommnekc nporpamm ACTPA-HE®TEXHWM (DOS-Bepcus 6.2). ABTOMaTusupo-
BaHHBIN pacyeT TpyOONPOBOIHBIX CUCTEM He(TEXMMHUYECKUX U HedTenepepadaThIBaOIIMX MIPO-
W3BOJICTB Ha CTATHYECKYIO M UKINYECKYIO MPOYHOCTh U Ha BHOPOMPOYHOCTH C TPEOOBaHUSIMU
PTM 38.001-94. O6mee onucanue komiiekca. M., HULL Cta/[uO, 1996 r.

18. Kommiekc mporpamm ACTPA-AIC-99 (Windows-Bepcusi). ABTOMAaTU3UPOBAHHBIN
pacueT Tpy6onpoBoaHbIX cucTeM ADC Ha CTaTUYECKYIO U IUKJINYECKYIO POYHOCTh, Ha CECMU-
YEeCKHe BO3/ICHCTBUS, HA BUOPOIIPOYHOCTh M HEYCTAHOBHBIIUECS TUHAMHYECKHE MPOIECCHl B CO-
orBercTBHM ¢ TpeboBanusmu Hopm [THAD I'-7-002—86. Obmee onucanue komruiekca. M., HULL
CralluO, 1999 r.

19. Kommiekc nporpamm ACTPA-HE®TEXHMUM-99 (Windows-Bepcusi). ABTOMAaTH-
3MPOBAHHBINA pacdeT TPyOOIPOBOIHBIX CUCTEM He()TEXHMHUYECKUX U HedTenepepadaThIBarOIINX
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IPOU3BOJICTB HAa CTAaTMYECKYI0 M LUKIMYECKYIO MPOYHOCTh M HAa BUOPONPOUYHOCTH C TpeboBa-
Husmu PTM 38.001-94. O6mee onucanue komiuiekca. M., HULL Cta/luO, 1999 r.

20. Kommnekc mporpamm ACTPA-ADC-2001 (Windows-Bepcusi). ABTOMAaTH3UPOBaH-
HBIA pacueT TpyOorpoBoaHbIX cucteM ADC Ha CTaTHUECKYIO0 M IMKIWYECKYIO MPOYHOCTH, HA
ceiicMuyeckue BO3eHCTBUS, Ha BUOPOIIPOYHOCTh U HEYCTAHOBUBIIMECS AUHAMHYECKUE MPOLIECCHI
B cooTBeTcTBUU ¢ TpeboBanusmu Hopm ITHAD I'-7-002—-86. OOmiee onmcanue Komruiekca. M.,
HUILL Cta/lunO, 2001 r.

21. Kommiekc nporpamm ACTPA-HE®TEXHWM-2001 (Windows-Bepcusi). ABToMa-
TU3UPOBAHHBIN pacyeT TPyOONPOBOAHBIX CUCTEM He(pTEeXMMHUYECKHUX U HedTenepepadaThiBato-
[IMX [TPOU3BOJICTB HA CTATUYECKYIO U HUKIUYECKYIO IPOYHOCTh U Ha BUOPOMIPOUYHOCTH C Tpebo-
BaaussMu PTM 38.001-94. O6mee onucanue komruiekca. M., HUL[ Cta/luO, 2001 r.

22. Kommekc mporpaMmm ACTPA-TIC-2001 (Windows-Bepcusi). ABTOMaTU3UpPOBaH-
HBII pacueT TpyOOIPOBOIOB Napa U Tropsiueil BOJbI HA CTATUYECKYIO U HUKINYECKYIO IPOYHOCTb,
Ha ceificMHuYecKrue BO3JICHCTBUS U Ha BUOPOMPOUHOCTh B COOTBETCTBHH ¢ TpeboBaHusiMu Hopm
PJ1 10-249-98. O6mee ormmucanue komiuiekca, M., HAL] Cta/luO, 2001 r.

23. Kommnekc nporpamm CTAAMUO (Bepcun 6.10/99/2001/2003/2005/2007/2009).
Pemenne mMeTogaMu KOHEUHBIX 3JE€MEHTOB U CYNEPIIEMEHTOB JIMHEMHBIX U HEJIMHEWHBIX
3a7la4 TEOPHUH MOJsA, CTATUKH, YCTOWUYUBOCTU, AUHAMHUKH, MEXaHUKHU Pa3pyUICHUS] U OMTHU-
MHU3aLHMH TPOCTPAHCTBEHHBIX KOMOMHUPOBAHHBIX cucTteM. O0miee onucanue, BepupuKamm-
OHHBIM 0TYeT, HHCTPYKIMHU noab3oBatens. M., HUL] Cta/luO. 1993 — 2009 rr.

24. “CemetictBo” mporpamMubix komiiekcoB ACTPA-2001 (Windows-Bepcus). Iloa-
CHUCTeMa YTOYHEHHOI'0 pacyeTa HaMpsKEHHOTO COCTOSIHUA U MPOYHOCTHU TUIOBBIX TPYOONpPOBO-
JIOB IIpU JIEWCTBUU TOJHOM cucTeMbl KBasucTraunoHapHbeix Harpy3ok. ACTPA-CTAIHNO. M.,
HUAII CraJluO, 2001 .

25. “CemeiictBo” mnporpammubix KomiuiekcoB ACTPA-HOBA’2009 (Windows-
Bepcusi). ABTOMaTHU3MPOBAHHOE MPOEKTUPOBAHUE U pacueThl TPYyOONPOBOIHBIX CUCTEM Ha CTa-
THYECKYIO U IMKJINYECKYIO POYHOCTh, HA CEHCMUYECKHE BO3/ICHCTBHS, BUOPOIIPOYHOCTh U He-
YCTaHOBUBILIHUECS IMHAMHYECKHUE IMPOILIECCHl B COOTBETCTBUU C POCCHUMCKHUMH HOPMATHUBHBIMU
tpeboBanusimu. O6miee onucanne. M., HUL| Cta/luO, 2008-2009 r..

26. “CemeiictBo” mnporpammubix KoMmiuiekcoB ACTPA-HOBA’2009 (Windows-
BepcHsi). ABTOMaTU3UPOBAHHOE IPOEKTUPOBAHNE U pacueThl TPyOONPOBOIHBIX CUCTEM Ha CTa-
TUYECKYI0 U IIUKIMYECKYIO0 IPOYHOCTh, HAa CEMCMUYECKHE BO3ACUCTBUS, BUOPONPOUYHOCTH U He-
YCTAaHOBUBILIHUECS JUHAMMUYECKHUE IPOLIECCHI B COOTBETCTBUU C POCCUMCKMMHM HOPMAaTHUBHBIMU
tpeboBanusMu. Ceanc padotsl ¢ komruiekcom. M., HULL Cta/luO, 2008-2009 rr.

27. Kommnekc nporpamm ACTPA-ADC. Bepuduxanmonusiii oryer. M., HUL[ Cra-
1O, 1992 — 1995 rr.

28. CnpaBouHuMK mpoekTupoBiIuka. [IpoekTupoBanue TeroBeix cereil. Ilox pen.
A.A Huxonaesa. M., 1965 1.

29. 3BeprkoB b.B., Kocrosenxkuit J[.JI. u ap. Pacuer u koHCTpyHupoBaHue TpyOOmpoBo-
noB. CnpaBounoe nocodbue. Jlennnrpaa. Mammnoctpoenue. 1979 r.

30. Aidunnep A.b., Kamepmreiin A.I. Pacuer marucTtpanbHbIX TpyOOIpPOBOJOB Ha
IPOYHOCTH U ycTouuBocTh. M., Henpa, 1982 1.

31. Camapun A.A. BuGpamnuu TpyOOnpoBOAOB SHEPreTUYSCKUX TPYOOPOBOJOB U Me-
TOZbI UX ycTpaHeHus. M., Oneprus, 1979 r.

32. Maranud B.4., [llamupo E.E. IIporpamma pacdera npoYHOCTH M KECTKOCTH TPYyOO-
npoBogoB (CTAPT). MexoTpacieBoil (oHA aqropuTMOB M NPOTPaMM aBTOMATH3UPOBAHHBIX
cuctem B crpoutensctse. M., [IHUMUITPOEKT, 1986 r., Bbim. 1-225-1.

33. Intel Visual Fortran Version 11.1 Copyright ©. 2002-2009 Intel Corporation

34. bare K., Buiacon E. UnucneHHple MeTOIBI aHAIM3a U METOJ KOHEUHBIX 3JIEMEHTOB.
M., Crpoituznar, 1982 r.

35. IMapnert b. CummerpuyHas npobieMa cOOCTBEHHBIX 3Ha4YCHHM. UnCIeHHBIE METO-
nbel. M., Mup, 1983 r.

36. benocrouxuiit A.M. Monudukanust 1 npuMeHEeHHE YUCICHHBIX METO/IOB K pacueTaM
TUIMTHO-000JIOYEYHBIX CUCTEM Ha celicMudeckue Bo3aeicTBus. B kH. “/{[nHaMuveckue xapakre-
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OcHoBHBIC yC10BHBIC 0003HAYCHUSI H COKPALLCHUS

AC  —aromHas CTaHIIUA, aBapUHASI CUTYaLlUs

ADC — aToMHas 2JIEKTPOCTAHIIU

AJY —aromHblE YHEPreTUYECKUE YCTaHOBKU

I'M — ruapo(IMTHEBMO) UCTIBITAHUS

r — rurabanT

HUIIKD - tpexmepnbie (00beMHbIe) KpuBoIHHEHHBIEe KO n3omapameTpruyeckoro ceMencTna

K — KunmoOauT

K2  — kouneunslii(e) anemeHT(b1)

JICM — nuHeiHO-CeKTpajabHbI METOT (pacyeT Ha ceiicMHUecKUe BO3ACHCTBUS)

M — Merabait

MK — mMeToa KOHEUHBIX 3JIEMEHTOB

MIIA — makcuMmalibHasi IPOEKTHAs aBapysl

MP3 - makcumanbHOe pacdyeTHoe 3emierpsicenne (1 pa3 B 10000 ner)

IIK — nporpaMMHBIM KOMILJIEKC

II9BM - nepconanbupie 9BM Tuna Pentium u IBM-coBmecTrmbie

Windows 98, NT, 2000, XP, Vista — onepanronssie cuctemsl 1151 [I9BM

HAC - nanpspkeHHO-1e()OPMUPOBAHHOE COCTOSTHUE

Hopwmbi ITHAD I'-7-002-86 — HopMbl pacueTa Ha IpOYHOCTH 000pyAOBaHUs U TPYyOOIIPOBOIOB
ADY.ITHAD I'-7-002-86.

HHY?J - napyuieHne HOpMaJIbHBIX yCJIOBUM 3KCIUTyaTalluK

HY3J — HOpManbHBIC YCIOBUS IKCILTyaTaIl[uN

I3  — mpoekTHOe 3emueTpsicerne (moBTopsiemocts 1 pa3 B 100 ner)
PTM - pykoBoIsIME TEXHUYECKUE MAaTEPHAIIBI

P — PYKOBOJSLIMNA TOKYMEHT

CAIIP - aBroMaTU3MpoOBaHHAs CUCTEMA TPOEKTUPOBAHMUS
CHulI - cTtpouTenbHble HOPMBI U paBUiIa
CIHKY - ob6onoueunsie KO cynepmapaMeTpudeckoro ceMencTBa, peain3yonne THIOTe3bI

TumMoIIeHKo
C2  —cynepaneMeHT
COM - cynepaiemMeHTHasi MOJEIIb
TC  —TpyOomnpoBojHas cucTeMa

9BM - sneKTpoHHAs BBIYMCIUTEIbHAS MalllMHA

Enununsi usMepeHus: (MCX0HbIE TaHHBbIE H Pe3yJIbTATHI)

CHU — wmwm, pan, ¢, MIla, kH/m, kH, kH-m, m, T'u, pan/c
CI'C —cwm, papn, c, KF/CMZ, Kr/cM, KT, Kr-cM, ['11, paa/c

IIporpammsl kommnexca ACTPA-A3C’2009

IIPE-ACTPA — IUAJIOTOBBIN Tpernpoieccop A 3aaHus U BepupUKaluu pacueTHON Mo-
nenu TpyOoIpoBoia

ACTPA-CTAI — pacuyer Ha CTaTUYECKYIO U LUKIMYECKYIO IIPOYHOCTh

ACTPA-®OPM  —pacueT COOCTBEHHBIX YaCTOT U POpM KosieOaHH

ACTPA-CEHCM - pacyeT Ha CEMCMUYECKHE BO3ICHCTBUS

ACTPA-BUBP — pacyeT Ha BUOPONPOYHOCTb

ACTPA-/IHH — pacyeT Ha HEYCTaHOBUBIIMECS] JUHAMUYECKUE ITPOLIECCHI

IIOCT-ACTPA — JIMAJIOTOBBIA TOCTIIPOIIECCOP JUISl BU3YAIM3AMU U TOCTPOEHUS TaOIHI]
pe3yabTaToOB pacuera

ACTPA-CTAIHO YTOYHEHHBIN pacyer TEMIIEpaTypPHOIO u HaIPsKEHHO-
n1e(GOpMUPOBAHHOI'O COCTOSIHUS, CTATHUECKOW, IIMKINYECKOH M ceilcMuye-
CKOM NMPOYHOCTU TUIIOBBIX 3JIEMEHTOB TPYOONPOBOJOB MpHU AEHCTBUU I10JI-

HOM CHUCTEeMBI KBa3UCTAaTUUECKHX Harpys3ok
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