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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,
ITPE-ACTPA MICXOIHBIX JAHHBIX. CADModel.dll, LFC.dll, Dbe-
dit.exe, Dispmass.dll.

AstraNova.exe, Hststac.dll,
[ocrmporneccoprass  0bpaboTKa  pe- Hststaes.dll, Hstform.dll, Hstse-
3YyJIbTaTOB. ism.dll, Hstvibr.dll, Hstdyn.dll,
LFC.dIL

IHOCT-ACTPA

Pacuér TC Ha cTaTHMuecKylo U LUKIHU-

ACTPA-CTAIL | oo nooumocts Stacaes.dll

Pacuér coOcTBeHHBIX YacTOT U (Hopm

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

Pacuér TC Ha celicMuueckue BO3JIEI-

ACTPA-CEMCM | cTBUs, 3aJaHHbBIC CIIEKTPaMHU yCKOpe- Seism .dll
HUU U aKcelleJIeporpaMMaMu.

ACTPA-BUEBP Pacuér TC Ha BUOPOTIPOYHOCTD. Vibr.dll

Pacuér TC na nuHaMHU4ecKue BO3JIEH-
ACTPA-JIUH CTBIISL. Dyn.dll

YTO4YHEHHBIN pacyeT TEMIIEPATYPHOTO
U HanpsKeHHO-Ie(pOPMHUPOBAHHOTO

AstraStadyo.exe
COCTOsSAHHUA 110 MMPOCTPAHCTBCHHO-

Inpdat.dll
ACTPACTALIO | e 1 vy K1 i
)i , OI1 » I Outres.dll

JINYECKOM M CEUCMHUYECKOM MPOYHO-
CTH JieTasiell TpyOoIpoBoaa.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

1.3 ABTops1 IIC

PykoBonurens pazpaboTku — 1.T.H., po¢. benocToukuit A.M., 0OTBETCTBEHHbIE UCTIOJ-
Hutenn: Boponona I'.A., [Tortanenko A.JIL., Knenery O.1O., [lIumkuna A.H., Ayn A.A., Octpos-
ckuit K.

1.4 Opranusanus-paspadorunk IIC

3A0 “Hayuno-uccnenoBarensckuiit ientp CraluO” (3A0 HUILL CrtalluO). Umeercs
cBuaetenscTBO DenepanbHoil ciyKObl M0 UHTEIJIEKTYadbHOM COOCTBEHHOCTH, MATEHTaM U TO-
BapHBIM 3HaKaM 00 opUIMaIBHON peructparuu nporpamm st O9BM Ne2006610288 ot 12 sH-
Baps 2006 r. (puc. 1.2).

1.5 Opranuszanus-3asuresn [1C

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

1.6 Ilepevyens opranu3anuii, ncnoab3ywumux (npumensiromux) IC

[IK ACTPA-ADC’2009 HaxoauTcsi B IPOXU3BOACTBEHHOM IKCILTyaTallMK psiia BEAYIINUX
OpraHU3aIMi OTPaCIH:

— OAO “ATomMdHEProONpoeKT”,

— OAO “OKb “T'unpormpecc”,

— IIK® “Pocasneproarom”,

— OAO 3UOMAP,

— AO POCOII,

—3A0 “CenprHepronpoekr”,

— CeppHMM XumMar,

-1’0V BIIOMI'CY,

—3A0 HHAL] CtaluO,

— Kuesckuii “OHepromnpoekr”,

— XapbKOBCKH “OHEPronpoeKT”,

— HIIO “Bexkrop” (Kues),

— HTL SIPb Ykpaunsl,

— Enepronpoexrt (bonrapus),

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

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

1.8 SI3pIkM nporpaMMupoBaHus

Intel Visual Fortran 11 (Beruucnurensabie Moaynu), Microsoft Visual C++ 2008, Bor-
land C++ Builder 2008 for Microsoft Windows. ¢ ucmonp30BaHHEM TpexMepHO# Tpaduku
OpenGL (Bu3yanu3anusi pac4eTHbIX MOJIETIEH U pe3yJIbTaTOB, JUAIOrOBasi CUCTEMA).

1.9 XapakTepHoe BpeMsl cueTa

Bpewms cuera 3aBucut ot ObicTpoaeiicTBust [I9BM, BEIMUCTUTENHEHON Pa3MEPHOCTH pe-
raeMom 3a1a4yu (CJI0KHOCTH PacueTHOM MOJIEIH — YHCia y3JI0B, 2JIEMEHTOB, COOCTBEHHBIX Yac-
TOT/(hopM, IIaroB MO BPEMEHM) U HAIMYUS HEIMHEHHBIX (PAKTOPOB (OJHOCTOPOHHHUE OIMOPHI U
OTIOpBI TPEHUS). 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,

Jyis pa3MereHus: OTHOTO KoMIniekca Tpedyercst okoio 11 MO auckoBoii mamsru. uc-
KOBasi MaMsITh JIJISl XPAaHCHHs MPOTPAMMHBIX MOJYJICH 3aBUCHT OT BBIOPAHHOU MOJIb30BaTEIEM
KOHpUTyparnuu KomIuiekca. J[ins omeHku TpeOyemoro o0bema JMCKOBOW IMAMSTH MOXHO FWC-
10JIB30BATh JAaHHBIE TAOIHIIGI:

JluckoBasi NaMATH JIsl pa3MelleHus1 KOMILTeKca

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 Ha3BaHusi 1 HoMepa IOKYMEHTOB, NOATBEPKAAI0IIMX 1eNIOHNPOBaHNe “3aMO-
poxennoir” Bepcuu IIC u ero camocrositeibHbIX MoayJieil B LleHTpe mo opranu3anmu Kc-
neptussl [1C

B O®AII-AP nepenansr:

1. CD-auck, conepKalimii:

— uHcTtausinuonHas nporpamma [IK ACTPA-HOBA2009;

— ipaiiBepsl U YTHIUTHI IS pabOThI € 3JIEKTPOHHBIM KimtouoM 3amutel HASP HL;

— nmokymenTanus K [1K B snexrporHom Buze (obmree onucanue [IK ACTPA-HOBA'2009; ce-
aHc pa6otsl ¢ kommiekcoM ACTPA-HOBA"2009: o6uee onucanus (mpunoxenus) IIK AC-
TPA-HOBA’2009; o6miee onucanne u ceanc pabotsl c ACTPA-CTAINO'2009;

— (paiinbl BepruUKALMOHHBIX IPUMEPOB-NPOEKTOB (MCXOAHBIE MOJEN U Pe3YJIbTaThl pACUETOB).

2. Dnexrponnbii kitou 3amutel HASP HL Max.

3. O6wee onucanue [TIK ACTPA-HOBA’2009 (6ymaxxnas xonus, 134 c1p.)

4. O6mee onucanue [IK ACTPA-HOBA’2009 (npunoxenust) (OymaxHast konus, 89 cTp.)
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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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) rOCYOAPCTBEHHbI KOMUTET PCPCP
? R AL Mo HAL3OPY 3A AAEPHOW
A =, 1 PAIMALIVIOHHOM BE30MACHOCTbIO

NMPYU NPESUOEHTE PC®CP

COBET MO ATTECTALUUMU
NPOrPAMMHBIX CPEACTB

ATTECTALUMOHHbBIA
NACNOPT

NMPOTPAMMHBIX
CPEACTE

Puc.1.1 Arrecraunonnsiii nacnopt ACTPA-ADC 6.1
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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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{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 HANPAEEHAA IPYINL (o), B CedeHHAX CymepsmeMeHToR ("y4acTEOB™), HArpysER Ha
NpyEAHHLE MOIBECKH H ONOPHEE KOHCTPYENHHE B pafodeM COCTORHHH, CHAIOBHe ¢$aETopH B
MecTHOR W ofmed cHCTEMAX KOOPOHHAT (B SATAHHEIX TOUKAX), MAKCHMANRHEIE HATTDAHEHRS
B TpofimmEax, Ilpm ofHOBPEMeHHOM 34JaHRH HEeCKONLKHX BADHAHTOR CcefcCMEMECEHX Bosmed-
CTEHE BOIMOMeH BmOOD MAECHMANLHLIX IepeMelleHRR, HANpAXEHHA W HArpY3oK 10 BCEM BRE-
MEHHEIM BOSTEACTRRAM.

ACTPA-BHEP - pacuer mHa BHOpONpOMHOCTE TPYGONPOBONHEIX cHoTeM ABC
MpOBONATCA CHEKTPANLHLI AHATHI MAPAMETPOR BRHYENEHHEIX YCTAHOBRBIIAXCA MNETEPMHHH-
pPOBAHHLIX KoneOammfi cHcTeMml. CHIOBoe HATpYXeHHMe 3afaeTcd NOA NPOHIBONLHLIX CedeHm
CXEMEl B MONHTApMOHAYMECKoM BRIE.

BrmonsaeTcs IBA BAIA PAacHeTa:

- ompeleNeHHe MNONYCKAEMEIX AMIITHTYN, BAGpomepeMelNeRWd (YCHIMA, HATPY30K HA ONOPH!
n  obopynopaEme) mnpH xomefammax TpySompoBoNAa WO EAXNOH YYATHBAEMOR coDCTBEHHOR
diopMe A3 FCOORHS MOCTHRMEHAS HONMyCEAEMOT0 3HAYEHRA MAKCAMANLHEIMA HATTPAR eHAAM;

- pacYeT TMAPAMETPOR BLIHVENEHHEX YVCTAHOBHBIMNXCH KoneOaHWRl (AMIITHTYI MepeMErerni,
HATPY30E A HATPAZKEHHN).

PeaynpTaTaM® pacyeTa HRAAIOTCA CoGCTBeHHBIE 4acToTh ® GopMul (B TpeGyemom wac-
TOTHOM [HAMTa30He H/ANH 3aJaHHOe YHCOO), AMIIIATYNM BACPAIHOHHEIX TepeMelMeHHE H Ha-
fnpaAEennl, MoNycKaeMble  HATNPEXEHHS, CHIORKE ¢haKTopel B MecTHOR CHCTEMe KOOPIHHAT
N8 EAXIoR cofCcTREHHOR MIH BRIHYEIAIOMEN YaCTOTHL.

ACTPA-IHH - npenHasHaYeHa §Oua pacdera TpySonpoBogHEX cHcTeM ASC mHa
HEYCTAHOBHBIMHeCS JHHAMHYECKHe mpomecchl. OmpefgenssoTcs MapaMeTpsl HeyCTAHOBHB-
MMAXcH  BuLAVEACHHLIX Kogebanmi, HeolXommMile MO8 oOmeHEH EBRAGPONpOYHOCTRH  TpH
HECTANMOHAPHEIX (MepexomHLIX) peXHMAX H AHANH3A ABAPHAHLIX CHTYAIIHA, CBA3AHHHX C
pasprIBaMy TpyGo-MpoBONOE,

CHnoprle Bo3feficTEHE 3J4040TCd B NPOHIBONEHEIX TOUKAX CHCTEME TpySompoBoja &
BRJE BpeMEHHLIX 3ARMCAMOCTEN NaRTEHNS H/HIH COCPENOTOYEeHHEIX CHIL.

PeaymeTaTaMe  pacdeTa SRAMIOTCH coOCTBeHHRIe WacToTM ®  dopMmt (B TpelyeMoM
YacToTHOM [HaMasoHe W/EITH 3alaHHoe YACHO), MAKCHMANLHLIE (334 BpeMs BosneficTEmd)
mepeMermeHnd, YCHINA, HATPY3KH HA ONOPE H Y30kl, AMIITATYIL! TPHBENSHALIX HATTPAS e HIH.

ACTPA-TPAd - mpemHasHa¥eHa JN8 ToNydenHs rpadmdeckoro #Hiobpamenns
pacdeTHOR CXeMunl TpPYSONpPOROIOB HIM ee GparMeHTa, WTO NO3BONAET NPOBEPHTh MPARHANE-
HOCTH 34NAHHA TeoMeTPHE IHHHE TpYOONMpOBONA, PA3MEIIEHHA ONOPHBIX EOHCTPYEIRE, mpy-
EHHHLIX OJBECOK, 3JMeMeHTOR TPYOONpoOBOOA C OTHONYAIINAMACH OT YYACTEOBLIX JAHHLIX Xa-
PAKTEPHCTHEAMH,

Bufiop wMacmrraba, passepos NHcTa (dopMaT), BHI4A AECOHOMETPEYECKOR NpOeKIAR
MOFET OCYIIECTRIATHCE TONBIOBATENEM HIH NPOBOOATCA apToMaTHYecEM. Hsofpamenme Mo-
*eT GHThH BRIBEIeHO OOMHAPDHON IHHASH, NMOKASKBAIOIIER OCEBYHd IRHMI TRpyGOOpOBONA, RIOH
ORORHON IHHHEH, NPH 3TOM IMHPHHEA H300pAMAEMEIX 3NEMERTOR NPOMOPHHOHATEHA HAPYIRHEIM
mramerpaM Tpyh. [Mporpavma ACTPA-TPAD mpoH3BOXHT MEpecHeT BCeX EOOPAMHAT B &MiHYIO
CHCTEMY KOOPIHHAT TpyGONpOBONA, MNHATHOCTHPYA HECOCTHIKOBEY TPYOONPOBONOB B MeCTax
HX COeAHeHHHA.

HexomanivMe TAHHBIME COVEAT MOOTOTORNCHHLIN ofwvAniM ofpasoM Halop MaHmeDX o4
MpoBeOeHAA pacdeTa mo mobof B3 mporpaMM Eommuekca ACTPA-ADC ¢ mHeofssaTelhHBIM
nofapmeHEMeM CIIACEA MAPAMETPOB, 33JABAEMOr0 WONLE3OBATeNeM IUIA DONyYeHHA rpadmHdec-
EOT0 B306pAenAs CXEMEI, .

O6nacts mpaMenenna wommuexca ACTPA-ADC - pacueTsl Ha CTATHYECKYH) H IHEIHYSC-
EyID TIpOMHOCTh, CcefcMOcTONEOCTh, BROGPONpOYHOCSTL H Ha HEVCTAHOBHEITHECE JIHHAMHYeC-
EHe MOpofeccsl NpORIBONLHLIX NPOCTPAHCTBEHHLIX HHZEO- H  BRCOKOTEMIEPATYDHRIX Tpyho-
OpoBOIHLIX CHCTEM B COOTBETCTEAR ¢ TpebopammaMm "HopM pacdeTa Ha NpoyHOCSTE ofo-
PYAOBAHAA B TPYGOMPORONOE ATOMHEIX SHepreTHYecKRX yeTamomok. TTHAD T-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
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Payxosodumery Pedeparunati cayactine no unmeriexmiyainnon
COOCIMBERROCITIT, MATREHTEMN U TORAPHBLM SHAKAM
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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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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Beenenue

1.12 UcTopus pa3Butust ¥ onbIT npuMeHeHus [1C

Bepudumupyemsiit [1IK ACTPA-A3C’2009 siBnisieTcst 3aKOHHBIM U TOCTOWHBIM TMPEEM-
HUKOM 1okojieHus komiuiekca ACTPA-AIC “nonepconanbHoit” 3psl (1976-1989 rr., EC 9BM,
VAX/VMS), arrecroBanHoii B I'ocaromHanzope P® Bepcun 6.1 xomruiekca ACTPA-AIC (at-
tectauuoHHbIl nacroptT Ne 40 ot 21.12.1995 r., Bepcuu Ha EC 9BM, VAX/VMS u I19BM, puc.
1.2) u pannux Bepcuit yxxe B cocraBe ACTPA-HOBA (6.2, -99, -2001, -2003, -2005, -2007).

[IK ACTPA-A3C’2009 axxymynupyeT 33-X JETHUH ONBIT pa3pabOTOK U MHTEHCHUB-
HOM SKCIUTyaTallud U MpeacTaBiseT coOOM creluain3upoBaHHOE MPOTPaMMHOE CPEACTBO,
npeaHa3HaYeHHOE [Ji MOBEPOYHBIX PACYETOB MPOU3BOJBHBIX MPOCTPAHCTBEHHBIX pPa3BETB-
JIEHHBIX M HPOTSHKEHHBIX TPYOONPOBOJHBIX CHUCTEM AaTOMHBIX SHEPreTUYECKHX YCTAHOBOK B
COOTBETCTBUU C TpeboBaHUsAMU AeicTByromux “HopMm pacuera Ha mpoyHOCTh 000pYAOBAaHUS U
TpyOOIPOBOIOB aTOMHBIX »HEpreTuyeckux ycranoBok. [IHAD I'-7-002—-86 B mporiecce aBTO-
MaTU3UPOBAHHOTO MPOEKTUPOBAHUS, MOHUTOPUHTA, PEKOHCTPYKIUH U MPOJJICHUS pecypca.

HakoruieH MHOToJIeTHUII 1 MHOTOTPaHHBIM OMBIT IIUPOKOIO BHEAPEHHS KOMILIEKCA U
€ro HCIIOJIb30BAaHUS B PACUETHBIX HCCIEIOBAHUAX TPYOOIPOBOJHBIX CUCTEM, BXKHBIX ISl O€30-
nacHoctu Kypckoit, CmoneHckoi, UepHoObutbckoi, JIernHrpanckoi, bunnbnnckoi, Konbckoi,
3anopoxckoii, HoBoBoponexckoil, banakoBckoit, Boiarogonckoii, ApmsaHckoil, benospckoi u
Urnanunckont ADC, ADC “Kosnoayir” u “benene” (bonrapus), “Ilakmr” (Benrpus), “JloBuza”
(Ounnauaus), “bymep” (Upan), “Kynankynam” (Unaus), “TsaubpBans” (Kutail) n mpoexktoB AC
HOBOTO TMOKOJICHHs. VIMEIOTCS TTOJIOKUTEIbHBIE pe(epeHIINN CIICINATICTOB BEAYIINX 3apy0exK-
HbIx pupm Siemens AG (I'epmanus), EDF (Opanmus) u Westinghouse (CLIA).

3a BpeMsi cBOEro cyiectBoBaHusl nporpaMMHublii kommieke ACTPA-A3C ucnonb3o-
BajiCsl JUIsl TIPOBENICHUSI MPOYHOCTHBIX PAcue€TOB OIPOMHOIO 4YHcia (MO0 HEMOJIHBIM OICHKaM —
HECKOJIBKUX mbicsAy) TPyOOIIPOBOAHBIX cUCTeM ADY B BeAyNIMX OpPTaHU3AMIX OTpaciu. Bech-
Ma MOKa3aTeIbHO, YTO HU MO OJHOM M3 3THX CHCTEM He ObUIO pekjamanuii u (Win) KakKux-mudo
HEIITATHBIX CUTYaIHid, 00yCIOBIEHHBIX UCIIOIH30BAHUEM TPOTPAMMHOTO KOMIUIEKCA, YTO SIBJIS-

€TCsl CBUAETENBCTBOM €r0 HaJIS)KHOCTU M KBAJTM(UKALIMH [TOJIb30BATEICH.

B uactroctn, 3A0 HUILL Cra/luO npumenso 11K B 1991-2009 rr. npu BeINOIHEHUH
odecamxkos HUP, cpean koTopeix (mocnenuue 7 er):

1) PacuerHble wuccieoBaHHs CTaTHUYECKOIO M CEHCMMYECKOrO  HampsKEHHO-
ne(OpPMHUPOBAHHOTO COCTOSIHHSI CHCTEMBI ‘‘CemapaTop Iapa - CTPOWTENbHbIE KOHCTPYKIHH 3
sHepro6soka Kypckoit ADC.

2) YTOYHEHHBIE pacUETHBIE UCCIIEI0BAHUS HANPSKEHHOIO COCTOSHUS U OLICHKAa CTaTH-
YEeCKOM M IMKJINYECKOH MPOYHOCTU TSKEJIO HArpy>KEHHBIX TPOWHUKOBBIX COEAMHEHUH TpyOo-
npoBoaoB KMIII ASC ¢ PEBMK.

3) PacuerHble Hcciae10BaHUS HANPSHKEHHO-1€()OPMUPOBAHHOTO COCTOSIHUS M IPOYHO-
CTH TpyOOITPOBOIOB M 000PYIOBaHUsI KOMITIEKCOB XojoaocHatkerns ADC “Kynankynam™ nipu
JIeMCTBUU CTaTHUECKUX, IUHAMHUYECKUX, YIAPHO-BOJHOBBIX U CEHCMUUECKUX HArpy3o0K.

4) YTOUHEHHBIE paCUETHBIE UCCIIEI0BAHUS HANPSKEHHOIO COCTOSHUS U OLICHKAa CTaTH-
YEeCKOM M IMKJINYECKOH MPOYHOCTU TSKEJIO HArpy>KEHHBIX TPOWHUKOBBIX COEAMHEHUH TpyOo-
npoBoaoB KMIII[ ASC ¢ PEMK.

5) PacueTbl Ha CTaTUYECKYIO U IUKIMYECKYIO IPOYHOCTh M Ha celicMuyeckue BO3/eH-
ctBUs TpyOomnpoBoaHbix cucteM PJIOC 3 6noka Kanununckoit ADC B COOTBETCTBHHM C TpeOOBa-
Husmu HopM [THAD I'-7-002-86.

6) Pacyersl Ha CTaTUYECKYIO M LUKJIWYECKYIO IPOYHOCTh M HA CEHCMUYECKHE BO3/EH-
CTBHSI TPYOOIIPOBOJIOB, BaXXHBIX I OE€30MACHOCTH PEKOHCTPYHPYEMBIX OJ0KOB CMOJIEHCKON
ADC, B coorBercTBHH ¢ TpeboBanusiMu HopM [THAD I'-7-002-86.

7) PacueTsl Ha CTaTMYECKYIO U IUKJIMYECKYIO IPOYHOCTh U HA celicMHYEeCKHe BO3Jei-
CTBUSL TpYOONpPOBOJOB, BaXHBIX A Oe3onmacHocTH S5-ro sHeprobmnoka Kypckoit ADC, B coot-
BeTcTBUU ¢ TpeboBanusmu HopMm [THAD I'-7-002—-86.
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8) OneHka MMKJINYECKON MPOYHOCTH INIAaBHBIX NaponpoBoaoB 3Heprobdmsoka Nel Bosro-
noHckort ADC Ha OCHOBE PacyeTHOr0 aHaIM3a KBAa3UCTAaTUUECKOT0, TEMIIEPATypHOro U BUOpa-
IIMOHHOT'O HAaNpPsHKEHHOTO COCTOSIHUS C YYETOM PE3yJIbTaTOB BUOPOOOCIET0BAHHA.

9) PacueTsl Ha cTaTUYECKYIO U LIMKJINYECKYIO POYHOCTh, HA CEHCMHUYECKHE U yIapHO-
BOJIHOBbIE BO3/1eHCTBHsI TpyOonpoBoaoB Macia u tomauBa PJIDC sneprodioka Ne3 Jlenunrpan-
ckoit ADC B cootBercTBUM ¢ TpeboBanusMu HopM [THAD I'-7-002—-86.

10) PacyeTsl Ha CTaTUYECKYIO U HUKIMYECKYIO IPOYHOCTh U HA CEiCMUYECKHEe BO3ZeH-
ctBus Tpyo6orposoaos P/IDC nns ADC B cootBercTBUU ¢ TpeboBanusimu HopM [THAD T'-7-002—
86.

11) IlporpamMmmMHO-aIrOpUTMUYECKHE pa3pabOTKU, PACUETHBIE HCCIEAOBAHUS HaIps-
KEHHO-1€()OPMHUPOBAHHOTO COCTOSIHUS, HOPMATHUBHBIE OLEHKM CTAaTMYECKOW, LUKIMYECKOW U
ceficmuueckoi  mpouHoct  TpyOompoBonoB I'KC  rasompoBoga Caxanun-XabapoBCK-
BiaguBocToxk.

12) PacueTsl Ha cTaTUYECKYIO U LUKJIMYECKYIO IPOYHOCTh U Ha CEHCMUYECKHE BO3/EH-
cTBUsl TpyOompoBoaoB nutatensHoil Boabl PO, CIIuP u CAOP, BaxHbIX Ans 0e30macHOCTH
6soka 1 Cmonenckoit ADC, B coorBeTcTBUU ¢ TpeOoBanusmu HopMm [THAD I'-7-002-86.

1.13 XapakTepHble BpeMeHa cueTa U HCIOJIb3yeMble pecypcbl IBM

Tabnuua, npeacTaBieHHas HIKE, 1aeT MPEICTaBIEHUE O XapaKTEePHBIX BpeMeHax cyera
OBM 1 penieHus HEKOTOPBIX KiaccoB 3ajad. Pacuersl npoBoaunuch Ha [IDBM Pentium 4 ¢
npoueccopom 3.2 GHz, 512Mb RAM.

TunuyHoe BpeMs cyera, ¢

CTeneHb pa3BeTBJEHHOCTH/MPOTSKEHHOCTH/C10:kHOCTH TC
Ne Bun pacuera “Manas” “Cpennsas” “bBoabman”
B (MoayJib) (m0 40 C3I, oo (m0 400 C3I, no (10 4000 CI, no
1600 y1ementoB) | 16000 31emenToB) | 1600000 371eMeHTOB)
CraTuka U UKJINKA
1 ACTPA-CTAI] 1-5 5-100 100 - 2000
CoOcTBEHHBIE YaCTO-
2 | 61 U popmbl KOJIEOA- 2-10 10 -200 200 - 4000
auit ACTPA-OOPM
Celicmuka
3 ACTPA-CEJICM 2-20 20 - 400 400 - 8000
Bubpauuu
4 ACTPA-BUEP 1-10 10 - 100 100 - 1000
JluHamuka
5 ACTPA-JIVIH 2-20 20 - 400 400 - 8000
Pasmepnocts KJ9-monenu gerayim
e Buna pacuera “Manan” “Cpennsis’” “boapimas”
) (Moxy.b) (m0 1000 y3s108, | (10 10000 y3.108B, (10 100000 y3.108B,
10 500 K9) 10 5000 K9) 10 50000 K9)
YTOYHEHHBIN
6 | KD-pacuer neraneit 6-30 60 - 300 600 - 3000
ACTPA-CTAJMO
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Haznauenne u o6nacts npumenenus [1C

2. Haznavenue u o6s1actb npumenenns IC

2.1 OtpacneBas “BetBb” ACTPA-A2C 2009 xominekca nporpamm ACTPA-HOBA 2009
NpeJHAa3HaYeHa JJI1 aBTOMAaTU3UPOBAHHOIO PacyeTa MPOU3BOJIbHBIX IPOCTPAHCTBEHHBIX PA3BETB-
JIEHHBIX U MPOTSHKEHHBIX TPYOOIPOBOIHBIX CUCTEM HA CTATUYECKYIO M IIUKINYECKYIO POYHOCTD,
Ha celicMHYecKue BO3/EHCTBUS, 3a/laHHbIE CIIEKTpAaMH OTBETa U aKceleporpaMMaMu, Ha BHOpO-
IPOYHOCTh JUIl YCTAaHOBMBILIUXCS PEKUMOB KOJEOaHUM M HAa HEYCTAaHOBUBIIMECS JUHAMUYECKHE
IPOLIECCHI B COOTBETCTBUM € TpeOOBaHUAMU JAeicTByomuX “HopM pacdera Ha nmpodyHOCTH 000pY-
JIOBaHUS U TPyOOIPOBOJOB aTOMHBIX dHEpreTndeckux ycraHoBok. [IHAD I'-7-002—-86”.

Cymmupyss MHorouucienssle npeumyiiectBa ACTPA-ASC(HOBA) 2009, wumeronue
BaXHOE CaMOCTOSITENIbHOE 3HAUYEHHE, KOHCTaTUPYEM BIIEPBbIE B OTEUECTBEHHOW MpPAaKTHKE J0C-
TUTHYTBI KayeCTBEHHO HOBBII ypOBEHb KOMIUIEKCHOTO aBTOMAaTHU3MPOBAHHOTO PAac4YE€THOIO
000CHOBaHHUS CTaTUYECKOW M LMKIWYECKON MPOYHOCTH, CEHMCMOCTOMKOCTH, BUOPALMOHHON U
JUHAMUYeCKOl mpouHOCTH Ha aocTtynHbiXx [I9BM: mpybonposoonvie cucmemuvl npoussonvHoi
CTIOJCHOCMU MOJICHO (U ciedyem) OnepamueHo U moyHo MOOEIUPO8Ams ¢ UCNONb308AHUEM Npe-
UMYWecms peanu308aHHblX COBPEMEHHbIX —UYucieHHvlx Mmemoodos, Windows- u CAIIP-
MEeXHON02Ul, AHANU3UPOBAMb 8 NOJIHOM COOMBEMCMEUU ¢ MPeboSAHUAMU OelUCMEYIOWUX POC-
CULICKUX HOPM U ONMUMUZUPOBAMb NO NPOYHOCMHLIM KPUMEPUAM, He npude2ds K 6blHYHCOeH-
HbIM U, 3a4aCmyio, He0OOCHOBAHHBIM YNPOUCHUAM U YMOTYAHUAM.

TpyOonpoBoaubie cucrembl (TC) paccmarpuBaroTcs Kak — IPOCTPAHCTBEHHO-
CTEp>KHEBBIE (C y4eToM 000JI04eUHBIX dPPEKTOB B THOAX-KOJIEHAX M OPTOTOHAIBHBIX TPOHHH-
Kax) U JMHEHHO-YNpyrue (C BO3MOXHBIM yueToM 3(dekToB TpeHus KyrnoHa u oTpbiBa B OIO-
pax).

TC moxeT comepkaTh 3aMKHYTbIE KOHTYpbI, CBOOOJHBIE, LIAPHUPHO ONEpPThIe U 3a-
IEMJIEHHBIE KOHIIbI, IPOMEXKYTOUHBIE OIOPbI (MEPTBbIE, MPY>KUHHBIE, CKOJIB3SIILINE U KaTKOBBIE,
BKJII0Yask OJHOCTOPOHHME ONOPBI U YKECTKHE TATH), JTMH30BbIE M CHIb(OHHBIE KOMIIEHCATOPHI,
CTEPKHEBBIE IEMEHTHI IPOU3BOJILHOTO CEUEHUS U JIpyrHe 3JIEMEHTHI (BKIIo4as 000pyoBaHNE
U HECTaHJIapTHBIE OMOPHbIE KOHCTPYKIUH), XapaKTepHble 11 TpyoonposooB ADC.

3anarTcsa U YUYUTHIBAIOTCS B CTATUYECKUX pacyerax CleQyloIlue Harpy3Ku U BO3JEHCT-
Bus Ut pexkumoB HYD (HopManbHbIX ycinoBuil skcrutyarauuu), HHYD (Hapyiienus HopMaib-
HBIX ycaoBui skcruryaranun), ['U (runpoucneitannii) 1 AC (aBapuiiHbIX CUTYyaIuil):

— BHYTPEHHEE WJIU BHEILHEE JaBJICHUE,

— CTaTUYECKUE CUJIBI © MOMEHTHI B IPOU3BOJIbHBIX CEUCHUSX,

— pacmpeziefieHHas Harpys3ka Mo 3-M HallpaBieHHMsM (BKJIIOYas BECOBYIO OT IMPOAYKTa,
MeTaJljla U U30JISIITUH ),

— pacnpesieleHHbli MOMEHT OT HEPaBHOMEPHOI'O IO BBICOTE CEUEHMs Harpesa (Hampu-
Mep, IPU CTPATU(UIIMPOBAHHBIX TEUCHUSAX ),

— TeMIIepaTypa HarpeBa (OXJIaKIEHU),

— TeMIIEpaTypHbIE IEPEMELLEHUS OTIOP,

— MOHTQ)XHBIW HATAT (pacTsr).

JUia nuHaMUYeCcKUX 3a/ay 3aJal0Tcsl aMIUIMTYAHO-4aCTOTHBIE U (WJINM) BPEMEHHbBIE Xa-
PaKTEpUCTUKH CEHCMHUUYECKUX, BUOPALIMOHHBIX (TUAPOJMHAMUYECKHX ), UMITYJIbCHO-IIEPEXOTHBIX
u aBapuiinbix (MIIA) Bo3nelicTBHIA.

Kommiekc mporpamm ACTPA-ADC (aTTecTyemasi 4acTh) COCTOMT M3 7-H MPOTrpaMM-
mpix Monmyneit (ITPE-ACTPA, ACTPA-CTAILL, ACTPA-®OPM, ACTPA-CEVCM, ACTPA-
BUBP, ACTPA-IVH, ITTOCT-ACTPA), umeronux eauHble METOJUISCKUE U HOPMATHUBHBIC OC-
HOBBI, CIIOCOO MOCTPOEHUS PACUETHOM MOJIENIH, COBMECTUMBIX MO UCXOJHBIM JTaHHBIM, UX 337a-
HUIO U opme TpencTaBiieHus pe3yibTratoB, U Moaysist ACTPA-CTAANO st yTOYHEHHOTO KO-
HEYHOZJIEMEHTHOTO pacyera TeMIIEpaTypHOTO W HaNpsHKEHHO-Ie(POPMHUPOBAHHOTO COCTOSIHHUSA,
OLIEHOK NTPOYHOCTH JeTanel TpyOonpoBOAOB.

1) ITPE-ACTPA — mHOTO(YHKIIMOHAIBHBIA “TIperporeccop’” KOMIUIEKca, oO0ecTeyn-
BAIOIUI JTMAJIOrOBBII MHOTOOKOHHBIM DPEXUM 3aJaHMs, '€HEpaluu M BHU3YyaJIU3alUd paluo-
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HaJIbHBIX IPOCTPAHCTBEHHO-CTEPKHEBBIX PACUETHBIX MOjENel TpPyOONpPOBOAHBIX CUCTEM (C
BO3MOXHOCTSIMM UCIIOJIb30BaHUs 0a3 NaHHBIX 110 MaTepHajIaM, oropam, Mpy>KUHHBIM M0/IBECKaM
U (IIaHIEBBIM COCMHEHMSM, PaHEe 33aJaHHBIX MOJENEH, PACCTAHOBKU OMOpP M paclpeiciicHHe
TUHAMHYECKUX CTeneHel cBo0obl), cBs3b ¢ npeapiayummu Bepcusimu ACTPA-ADC’2009, nm-
MOPT-3KCIOPT MOJENEN, MOUCK U 0TOOpaKeHHE KOJUIM3UH (TepeceueHnii, KacaHui U HeJoImyc-
TUMO MaJIbIX 3a30pOB TPYO), TTyOOKast MArHOCTUKA OIIHOOK;

2) ACTPA-CTAIL] — pacyer Ha CTaTUYECKYIO U LIMKINYECKYIO IPOYHOCTh HU3KO- U BbI-
COKOTEMIIEpPAaTypPHBIX (B COOTBETCTBUHU C METOJUKOMN, MpUBeAeHHOM! B [29] TpyOonpoBosoB ADY.
Jl1g «abCcoNOTHO KECTKUX» OMOPHBIX KOHCTPYKILIMM, 3aJJaBa€MbIX B OOIIEH U MECTHOW cuctemMax
KOOPJMHAT, NMPOBOJUTCS PALMOHANBHBIM BBIOOP MX BBIUHCIUTENBHBIX XapaKTEPUCTUK, oOecre-
YUBAIOUIMX OTCYTCTBHE NEPEMELICHUNM MO 3aJaHHbIM JIMHEHHBIM M YIJIOBBIM HAaIPaBJICHUSM.
[Tpyxunnsle noasecku copramenta MBH-043-63, OCT 108.764.01-80, OCT 24.125.109-01,
LISEGA, “cneunpyxun” BHUIIMOT moryt umeTrsh 3aaHHbIE XapaKTEPUCTUKHU WM XapaKTepH-
CTHMKH, BEIOpaHHbIE MPOIPAMMHO ITyTEM OIpeJIeIeHUs] Harpy30K B paboueM M XOJIOJHOM COCTOsI-
HUH, CTPYKTYpPbI NPY>KUHHBIX L€, UX 3aTSKKA U OCaJKH; BO3MOXKEH Y4ET HAKJIOHA MPYKHUH-
HBIX TIOJIBECOK NPHU TEMIEpPaTypHBIX MepeMelieHusx Tpyoonposoaa. s “crnennpyxun’” y4yu-
THIBAIOTCSl TAK)XXE YIJIMHEHUS TAT U U3MEHEHUE TEPMOMEXAHMYECKHX XapaKTEPUCTHUK MPYKUH
npu HarpeBe. IIpeaycMOTpeHBbl Bce NPAaKTUYECKHU 3HAYUMBIE BUIBI U PEKHUMBI MPOYHOCTHBIX
pacyeToB Ha HOPMATHBHO PETJIaMEHTHUPYEMbIE COYETAHUS KBA3UCTATUUECKUX U MaJIOLMKIOBBIX
BO3/ICUCTBUIL: aBJICHUs, pacHpeeIeHHON MacChl U COCPEIOTOUEHHBIX HArpy30K, TeMIepaTyp-
HOT'0 Harpesa TpyOonpoBo/a, CMELIEHHUH €ro 3aleMIEHHbIX KOHIIOB, MOHTaKHOT'O pacTsra.

PesynbraTamu pacdera SBISIOTCA NEpeMeEIleHUs (JMHEWHbIE M YIJIOBBIE), PacyeTHBIE
IIPUBEICHHBIE U JIOMyCKAaeMble HAIPSKEHMSI BO BCEX PACUETHBIX CEUCHMSX Y4aCTKOB (BKJIIOUas
OBl ¥ KOJIEHA) U B TPOMHUKOBBIX Yy3J1aX, BBIYMCICHHBIE 110 YIPOILEHHON U YTOYHEHHOW MeTo-
JIMKaM; CUJIOBbIE (pakTOphl (B OOIIEH M MECTHOM CHUCTEMAax) B 3aJaHHBIX CEUEHUSX, HArPY3KU HA
o0opyoBaHuE (KOHIIEBBIE OMOPHI) U Y3JIbl YYACTKOB, a TaKXKe Ha ONOPHBbIE KOHCTPYKIHH, IpY-
KUHHBIC TIOJIBECKM W JKECTKHE TATH B pabO4YeM W XOJIOHOM COCTOSIHHSAX, PEXKHME THI-
pO(TTHEBMO )UCIIBITAHH; TUIBI U XapaKTEPUCTUKH BHIOPAHHBIX MPYKUHHBIX MTOJIBECOK.

Oman 1. Pacuem na cmamuueckyio npo4Hocms noo O0etcmsuem HecamoypagHO8eUEeHHbIX
Hazpy30K (Oaenenus u eca 6 pabouem cocmosnuu). ONpenensoTcs nepeMereHus, MpuBeIeH-
HBIE U JIOyCKaeMble HanpsbKeHus (rpynmna 1 — oT nelcTBUs JaBiaeHMs U Tpymna 2 — OT BCEX Ha-
Ipy30K), pabourie Harpy3Kku MpY>KUHHBIX IOJBECOK, HArpy3KH Ha ONOPHBbIE KOHCTPYKLUH, 000-
PYZIOBaHUE U Y3IIbl, YCIOBHOE JIaBJICHHUE BO (MIAHIEBBIX COCTUHEHUSX, CHIIOBBIE (DAKTOPHI B 3a-
JTAHHBIX CEUCHMSIX.

Oman 3. Pacuem Ha yuxauueckyio npouHOCMb. YUUTHIBAETCSI BHYTPEHHEE [aBICHHE,
TEeMIIEpaTypHOE pacIIupeHue, “‘COOCTBEHHBIC CMEIICHHS MPOMEKYTOUYHBIX OTOp U 3aIeMIICH-
HBIX KOHLIOB TP MEpexo/ie U3 pabovero coCTOsIHUA B X0J0HOe. OnpeaenstoTcs epeMeneHus,
IIPUBEJICHHBIE U JIOIyCKaeMble HanpspKeHus (rpynmsl 3 ¥ 4 1711 HU3KOTEMIEpaTypHBIX U rpyImna
4 nns BBICOKOTEMIIEpATYpHBIX TPYOONPOBOIOB), YCIOBHOE JaBlIeHHE BO (PJIAHIIEBBIX COEIMHE-
HUSIX, THITBI X XaPaKTEPUCTUKH MPYKUHHBIX TTOABECOK, MX 3aTSDKKA U 0CAKa, CUIIOBBIE (DaKTOPHI
B 33/IaHHBIX CEYEHUAX TPYOOIpOBOJIA.

Oman 26. Pacuem nuzkomemnepamypHuix mpybonpo8oooe Ha Oelcmeue 6cex Hazpy3ox.
Y4uuThIBalOTCS BHYTpEHHEE J1aBJICHUE, BECOBas Harpys3ka, TEMIEpaTypHOE paclIMpeHue (camo-
KOMIIEHCalMsl), “COOCTBEHHBIE” CMEILEHUS MPOMEXKYTOUHBIX ONOpP W 3alIEMJIEHHBIX KOHIIOB,
MOHTa)XHas pacTskKa B paboyeM COCTOSHUM JJIs1 HU3KOTEMIepaTypHbIX TpyOorpoBo1oB. Ompe-
JEJISIOTCS IEPEMEILIEHUS] B PACUETHBIX CEUEHHUSX, YCIOBHOE JaBJI€HNUE BO (DIAHIEBBIX COEAMHE-
HUSIX, CUJIOBBIE (PaKTOPHI B 3aJJaHHBIX CEUYEHUSX, HArpy3KH Ha OMOPHbIE KOHCTPYKIMH, 000pY10-
BaHUE U y3I/bl B paboueM cocTossHuu. OnpenensioTcs TakKe Harpy3KH Ha OMOPHBIE KOHCTPYK-
IIUM ¥ 000pYZOBaHUE B XOJIOJAHOM COCTOSIHUM, 32 UCKJIFOUCHUEM CiIydas ydyeTa TPEHHUs IO METO-
nuke ['unpokaydyka.

Oman 2a. Pacuem evicokomemnepamyphvlx mpyoonpoeooos Ha CMAmMuiecKylo npoy-
HOCMb NOO Oelcmeuem HecamoypaGHOBEUEHHbIX U CAMOYPABHOBEULEHHBIX HACPY30K. Y YUThIBA-
IOTCSl BHYTPEHHEE JIaBJI€HUE, BECOBasl HAarpy3Kka, TEMIIEpaTypHOe paclIMpeHHe (CaMOKOMIIeHCa-
1Us1), “COOCTBEHHBIC” CMEIICHHUS 3allIEMJICHHBIX KOHIIOB, MOHTa)KHAsI PACTsHKKa B pabodeM co-
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cTossHUU. OnpenenstoTcs NepeMENICHs] B PACUETHBIX CEUEHUSIX, IPUBEIACHHbBIE U JO0IyCKaeMble
HaNpsHKEHUs TPyNINbl 3, yCIOBHOE JaBJIeHUE BO (UIAHIEBBIX COCAMHEHUSX, CUIOBBIE (DAKTOPHI B
3aJJaHHBIX CEYCHHSX, HArPy3KH Ha OMOpPHBIE KOHCTPYKUUH, 00OPYJOBAaHUE W Y3JBI B paboyem
COCTOSIHUH.

Oman 4. Pacuem nacpy3ok 6 nepabouem cocmosinuy. Y YUTHIBAIOTCS T€ e BO3IEHCTBUS,
YTO M Ha 3Tame 2 i XO0JOAHOro (Hepabodero) coctossHusl TpyOonposoaa. Onpenenstores mne-
peMeIIeHNs B pacyEeTHBIX CEUEHMSX, CHUJIOBbIE ()AaKTOpPbl B 3aJaHHBIX CEUEHUSX, HArpy3KH Ha
OTIOpHBIE KOHCTPYKLIUHU, 000pyIOBaHHUE U Y3JIbI.

Peosicum euopo(nnesmo)ucnoimanuii. OnpenenstoTcsi IEPEMENICHUs] B PACUCTHBIX cede-
HUSIX, CUJIOBbIE (DAaKTOpPBI B 33JaHHBIX CEUEHMSX, MPHUBEIEHHBIE M JIOMyCKaeMble HaNpsKEHUs
(rpynmel 1 m 2), Harpy3ku Ha ONOpPHbIE KOHCTPYKLMH, OOOpPYIOBAaHUE M Y3JIbl JIJIsl PEKUMOB
“pacnyIlleHHbIX U 3aKJIMHEHHBIX MPYKHUH.

Jononnumenvhuvie pexcumvl (3manvt 3). ONpeaensOTCsS EPEMENICHUS B PACUETHBIX Ce-
YEHHUSAX, CUIIOBBIE (DAKTOPBI B 33JJaHHBIX CEUCHMSX, IPUBEICHHBIE U JIOIyCKAEMbIe HaNPSKECHUS
(rpynmsl 3 u 4).

Bunsl (HoMmepa), sTamnbl, Harpyskatomue (akTopbl U pe3ysbTaThl pacyera TpyOomnpoBoa-
HBIX CHCTEM Ha CTAaTUYECKYIO M IUKJINYECKYIO IPOYHOCTh NMPEACTaBIEHBI B Tabnuuax 2.2 — 2.5.

3) ACTPA-®OPM — no3BoJsieT onpeAeanTs TpedyeMoe Ynuciio (UM B TpedyeMoM vac-
TOTHOM JTMANa30HE) HU3IIMX COOCTBCHHBIX 4acTOT U (popM KoseOaHui TpyOOTPOBOIHON CUCTE-
Mbl. Macchl TpyOONpOBOIOB U TEXHOJOTHUECKOTO 000pYAOBaHMS MPEACTABIAIOTCA B BHJE CO-
CPEIOTOYEHHBIX MAcC, MPUBEACHHBIX B 3aJaHHbIE TOYKHU (CEYEHMsI) PAaCUETHONW MOJENU WIHU B
cedeHus, resepupyemslie cpenctsamu npenpoueccopa IIPE-ACTPA. Maccsl nMeror 1o mectu
CTEeHEW CBOOO/IbI.

Boruncnennsle cOOCTBEHHbIE YacTOThl U (hOpMBI KOJeOaHUI MOTYyT MO0 HEMoCpeCT-
BEHHO HCIIOJIb30BAThCS MPU OLIEHKE BHOPONMPOYHOCTH (OTCTpOIKa OT pe30HaHca), MO0 MpuMe-
msorcs nporpammamu ACTPA-CEMICM, ACTPA-BUBP u ACTPA-JIUH npu pacdyeTHOM aHa-
amn3e celicMuueckoi, BUOPAIIMOHHON U JUHAMHYECKOH peakluy TpyOOIpOBOIOB.

4) ACTPA-CEHCM — pacuer tpy6onpoBoanbix cucteM ADC Ha celicMHYecKHe BO3-
JEHCTBUS; TOJBKO CEHCMUYECKUX HAarpy30K MM CYMMAapHOTO JE€UCTBUS JIaBJICHUs, COOCTBEHHOMN
Macchl M CEHCMMYECKHX Harpy3ok. B kauecTBe ceiCMHUYECKOr0o BO3ICHCTBHS MOKHO 33/1aBaThb
CHEKTpPBI OTBETOB W/WJIM OTBETHBIE AaKCENEPOTPaMMBbI 3€MIICTPSCEHHS] Ha OTMETKE KPETJICHHUS
TpyOOIpOBOJa B OTHO- WJIK TPEXKOMIIOHEHTHOM BHJIE.

PesynpTaramu pacuera sSIBISIOTCS JTMHEWHBIE U YIJIOBbIE CEHCMUYECKUE TIEPEMEIICHUS U
YCKOPEHUS, CEHCMUYECKUE HATPY3KU HA NPYKUHHBIE ITOABECKU M ONIOPHBIE KOHCTPYKLUH, ITPU-
BEJICHHbIE HANPSYKEHUS TPYMNIIBI (Og)2 B CEUEHUSIX CYNEPAIEMEHTOB (“y4acTKOB”) M B TPOMHHKAX,
cuioBble (DaKTOPBI B MECTHOH M oOmIel cuctemMax KoopauHat. [Ipu omHOBpEeMEHHOM 3aJaHuU
HECKOJIbKMX BAapUAHTOB CEMCMUYECKUX BO3ACUCTBUN BO3MOXEH BBIOOP MaKCHMAIbHBIX TEpe-
MEIIEHUH, HAIPSDKEHUI ¥ HArpy30K 10 BCEM BBEJICHHBIM BO3/ICUCTBUSAM.

5) ACTPA-BHBP — pacueT Ha BUOPONPOUYHOCTh TPyOONpoBoaHbIX cucteM ADC; mpo-
BOJUTCS CIIEKTPAJbHBIN aHAJIN3 MAapaMETPOB BBIHYKICHHBIX YCTAHOBUBLIMXCS JI€TEPMHHHUPO-
BaHHbIX KosieOaHMi cucTteMbl. CUIIOBOE HAarpyXeHHe 3aJaeTcsl JUIsl NMPOU3BOJIBHBIX CEUCHHH
CXEMBI B IIOJIMTAPMOHUYECKOM BHJI€. BhINOIHAETCS 1Ba BUJa pacyera:

— OHIpezeNeHue AOIyCKaeMbIX aMIUIMTYZ BUOpomnepeMerneHui (yCuiuii, Harpy3ok Ha
OIOpBI U 000PYI0BAHUE) MPU KOJIEOAHUAX TPYOONPOBOIA MO KAKJON YUMTHIBAEMON COOCTBEHHON
(dopme 13 ycaoBUS AOCTHXKEHHSI JOITyCKAaeMOT0 3HAUYEHHsI MAaKCUMaJIbHBIMU HalpsKEHUSIMU;

— pacyeTr MmapaMmeTpoB BBIHY)KJCHHBIX YCTAaHOBUBIIMXCS KOJeOaHMH (aMIUIUTY] mepe-
MEIICHUH, Harpy30K U HAIIPSDKEHU ).

Pesynbraramu pacdeTa sIBIASIOTCS COOCTBEHHBIE YacTOTHI U (pOpMBI (B TpeOyeMoM yac-
TOTHOM JIMana3oHe W/MJIM 3aJaHHOE YMCIO), aMIUTUTYAbl BUOPAIMOHHBIX MEpEeMEIleH! U Ha-
NPSOKEHUH, TOMyCKaeMble HAaIPsKEHUs, CUJIOBbIE (DaKTOPBl B MECTHOW CHCTEME KOOpAMHAT JUIs
KaXXI0W COOCTBEHHOM MM BBIHYKIAIOIIECH YaCTOTHI.
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Tabmuna 2.1
HuskoremMnepatypHbie TPYOONpoBo/bl 0e3 TpeHus U ¢ Tpenuem no Mmeroanke HITO HKTHU
Buabl (HoMepa), 3Tanbl U pe3yJbTaThl pacdeToB 1o nporpamme ACTPA-CTAILL
Bun 3HaueHUs MePEMEHHBIX MapaMeTPOB
(Homep) HaunmeHoBanue | Otansl vz Pesybrarht HTana
' €T
pacuera pacuera pacuera | Kpp | Py | T | u | 6" | E | p | P3| q;3 S— pacuera
C BBI60pOM I Ky 0 0 0 0 EP p P3 q3 - sz,(u),,(O')I S[O']?, (0')2 31,3[0']?
1 NPy KUHHBIX III KHP 0 Ig|upg 0 EX P 0 0 + P3Av, ’Km”(u )111 ’(U)RK < [G]RK 2, (GaF )K < [UaF ]?
TIOZIBCCOK 116 0 | Py |ty|luy| o |Ep|p|Ps|q;| +  |Harpysku Ha omopsl M y3jbl B XOJ0AHOM U pabo4eM COCTOSHUM
C 3a7aHHBIMHU I O |Py|0|0]|0|Ep|p|Ps3|qs - (), (o), <[o)?. (o), <1.3[c]?
2 Py XKHUHHBIMA I Kip| 0 |ty|lug| O |Ex|p| 0|0 + )y, (©) <lo)e 2 (0,), <lon)?
IIOABCCKaMH I1b 0 | Py |ty|luy| o |Ep|p|Ps|q;s +  |Harpy3ku Ha OmophI U Y376l B XOJIOJHOM U paboueM COCTOSTHUH
Ha neiictBue
Harpy3Ku pr ]
7 B XOJOHOM 1A% 0 w |01 010 [Ex|0|Ps3|q; Harpy3ku Ha OmopsI 4 y3IIbI B XOJI0JHOM COCTOSIHUH
COCTOSTHUU
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ACTPA-ADC’2009. Bepudukannonssiit order. Tom 1

Hasnauenne n obnacts npumenenus [1C

Tabmuma 2.2

Bunasbi (HoMepa), dTanbl M pe3ybTaThl pacyeToB 1o nporpamme ACTPA-CTAILL
Bun 3Ha4YeHUs IEPEMEHHBIX TTapaMeTPOB
(HoMep) HaumenoBanue | OTanbl Vi Pesynbpratel 3Tana
, 4yeT
pacuera pactera pacuera | Kpp | Psy | T'| u | 6" | E | p |P5|qs TpEHHUS pacicta
I Ky | 0 10]0]0|Er|p|Ps|gs| - |P).(u).(0)<[o](0), <13[c]
| C Bribopom 116 0 | P. |ty|un| o |Ep|p|Ps|qs| + |Harpysku Ha omopsl u y3isl B pabo4eM coCTOSHUH, P,
MPY>KUHHBIX
ﬁz IBECOK v Kpp| Py |0 0| 0 |Ex|0|Ps|q;s + Harpy3ku Ha onopsl U y3J1bl B XOJIOJTHOM COCTOSIHUH
HI=I1B-TV + PV K ) (@) <o 2 (0,), <lon J?
I 0 | Pr]0|0]0|Ep|p|Ps|gs| - |W).(o) <ol (o). <130
C 3anaHHbIMHI 116 0 | Po |tu|luu| o' |Ep|p|Ps|q; +  |Harpy3ku Ha onopsl 1 y3J1bl B pabodeM COCTOSIHUH, P,
2 NpYy>KUHHBIMHU .
IOZBECKAME v Knp| Py | 0] 0| 0 |Ex| 0|P3|qgs +  |Harpy3ku Ha Onopsl 1 y37bl B XOJI0JHOM COCTOSIHUU
I=11B-1V + @ Py (0)u <0 2 (0,)i <[]
Ha neiictBue
Harpy3Ku pr n
7 B XOJIOZHOM v 0 w |01 0] 0 |Ex|O0|Ps3|q; Harpy3ku Ha onopsl U y3J1bl B XOJIOJTHOM COCTOSIHUU
COCTOSIHUH
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ACTPA-ADC’2009. Bepudukannonssiit order. Tom 1 Hasnauenne n obnacts npumenenus [1C

Tabnuua 2.3
BricokoTemnepaTypHble TPYOONPOBOABI 0€3 yueTa TPeHHsi/0OTPbIBA OT ONOP
Buabl (HoMepa), 3Tanbl U pe3yJbTaThl pacdeToB 1o nporpamme ACTPA-CTAILL

Bun 3HayeHUs IEPEeMEHHBIX apaMeTPOB
(Homep) HaumenoBanue | Oransl Ve Pesynbrarsl sTamna
' 4eT
pacuera pacHcTa pacuera | Kpp | P3y| T u |8 | E|p|Ps|qgs o pacuera
I |Ky| 0] 0] 0 0|E|p|Pslas| - |P)W).(0)<lol(o).<[o]?
I |Kpp| O | ty | ug | O |Ex|p| 0|0 - Py K, W), (0,), <[o,]?
C BbIOOpOM
1 TPy KHHHBIX A 0 | 22| gt | g | 5| En | p | P3| s Harpy3ku Ha onops! 1 y37bl B
3V H H - +
TTOXBECOK paboueM COCTOSHUH, (), < [o]s ?
v 0 | 2 |-s, |-ou, | 0 |Ex| 0| Ps| g5 _ |Harpysku Ha OnopsI u y3/ibl B

XOJIOJHOM COCTOSIHHH, (o), < [o ], ?
I 0 [Py 0| 0 [0|Er|p|Pslgs| - |W.lo)<[o](o) <02
III KHP 0 fH ug 0 EX 0 - (u)lll ’ P]§ ’ (O-aF )K < [O-aF ]?

Harpys3ku Ha OTOpBI U y3JIbI B
pabouem cocrosuun, (o), <o, ?

<
S

C 3amaHHBEIMUA

2 NpY>KUHHBIMHU 1A 0 | Py | ytu | yuu | " | Er|p | P3|qs -
MOJABECKAMHU

Harpysku Ha onops! u y3Jbl B

P |-ot, |-0O - .
v 0|5 w|70us | O ) Ex| 0 Psigs XOJIOZIHOM COCTOSIHUH, (0),, < [0 ], ?

Ha nelictBue

Harpy3Ku Harpy3ku Ha onopsl u y371b1 B
7 py vV | 0 [Pl |-6t, |-6u, | 0|Ex|0|Ps|qs| - *
B XOJIOTHOM XOJIOZIHOM COCTOSIHUH, (0), < [0 ], ?
COCTOsAHUU
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ACTPA-ADC’2009. Bepudukannonssiit order. Tom 1

Hasnauenne n obnacts npumenenus [1C

Tab6nuna 2.4
BbicokoTemMnepaTtypHble TPYOONPOBOABI ¢ TPEHHUEM 10 METOAMKE HHCTUTYTA “I'Mnpokay4yk” u OTPHIBOM OT OIOP
Buasbl (HoMepa), 3Tanbl U pe3yJbTaThl pacdeToB o nporpamme ACTPA-CTAILL
Bun | HammeHnoBaHue Dransl 3HA4EeHUA NePEMEHHEX apaMeTpoR Ve Pe3ynbratsl aTana
Ne acyera acuera ' aer acdera
(Ne) p p Kpp | Psy T u o E |'p| Ps| gs Tperus p
I KV 0 0 0 0 Ep P P3 qs - F);;/’(M)I’(G)I < [O-]?’(G)z < [O-]; 2
Harpy3ku Ha onopsl U y3J1bl
IIA 0 Pl Tty un S | E, | p| Ps| g + B paboyeM COCTOSTHUM,
C BbIGOpOM (0)we <o ?
1 MPY>KUHHBIX
Harpy3ku Ha OmopbI U Y3716
MOJIBECOK
v 0 P -ot, -du, 0 E, 0| Ps | g; + B XOJIOJTHOM COCTOSIHUH,
(@) <o ?
W | K | 0 | tw | ug | 0 |Ex|p]| 00 - | P Ky W) o) <o ]
I 0 P?'; 0 0 Ep p P3 qs3 - (u)/ ’(O-)I < [O-]?’ (O-)z < [‘7]2 ?
Harpy3ku Ha OmIOpHI U Y3JIbI
A 0 P! Tt P s | E, | p| Pl g + B pabo4eM COCTOSHHH,
C 3amaHHBIMHA ( G) < [ 0]* »
2 NpYy>KUHHBIMU = -
Harpy3sku Ha OmOpsI U y3JIbI
[TOIBECKaMH
v 0 Py | -ot, | -du, 0 E.| 0| Ps | g; + B XOJIOJHOM COCTOSIHUU,
(0)u <o ?
M | Kp | 0 |ty | ug | 0 | Ex|p| 0|0 - | WPy (0,) <lon I
Ha peiictene Harpysku Ha onopsl U y3J1bl
7 Harpy3Ku B v 0 | -, | -ou, 0 | E.| 0| P| g + B XOJIOZJHOM COCTOSIHUH,
XOJIOTHOM ' () <[00 ?
COCTOSIHHH e L e
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ACTPA-ADC’2009. Bepudukannonssiit order. Tom 1

Hasnauenne n obnacts npumenenus [1C

Tabmuna 2.5

Hu3ko- 1 BbICOKOTEMIIEPATYPHBbIE TPYOONPOBO/BI (C Y4€TOM J0MOJHUTEIbHBIX PesKUMOB M (THIAPO)UCTILITAHUI)
Buabl (HoMepa), 3Tanbl U pe3yJbTaThl pacdeToB 1o nporpamme ACTPA-CTAILL

Bun Oransl 3HaueHUs epEMEHHBIX TapaMeTPOB
(HoMep) HaunmenoBanue pacuera Ve PesynpraThl 5Tana
, 4y€T
pacuera pacuera Kpp|P3y| Tl u |0'| E | p | P3| g3 Tpers pacuera
Otanbl pacuera Nel
Jlomommmrerbitbte pekiMst | o Ly Lo [ Eclp | 0 0| - |@h0) <lollo), <[o.]
TTosHBbIi ¢ (i<3)
10 BBIOOpOM = C 3aKIIMHEHHBIMU kololololols P i Py, (),
IPYKMHHBIX E IpyKUHAMHU v r r\pri s dsr (o) <135[c]", (o)) < 17[c]"
II0/IBECOK g _ r
g C pacmyIiieHHbIMU Kol 04t 010 Fr iprl0 L Agr Domonan 1, 7,
g NPy KUHAMH o lrlelolols p [Momoram 2, (u),
~ sy | r|\pr|rs3| qsr - (G)Z‘hS1,35[G]Th’(a);‘h31,7[0_]771
Hommerii ¢ Orarbl pacdera Ne2
3aJlaHHBIMU )
11 [Py KHHAMH JononHuTeabHbIE peXUMBI (I < 3)
IMuppoucneiranus (cM. pacy€r Nel0)
3 Oranl pacuera Nel
4 Oranl pacuera Ne2
5 Oran IIb (IIA) pacyera No2
6 Oran Il pacyera Ne2
8 Oranl pacuera Nel + pacuer Ne2
12 |Pacuer Ne§ + nonoTHUTEIbHBIE PEKUMBI + THAPOUCTIHITAHNS

3A0 HUL] Cra/luO (www.stadyo.ru

stadyo@stadyo.ru), 2009

23



ACTPA-ADC’2009. Bepudukanmonnsriii otuet. Tom 1 Haznauenwne u o6nacts npumenenus [1C

YcnoBHbie 0003HaUeHUS: Kj7p — )KECTKOCTD MPY>KUHHOM MOABECKH (IICTIN ),
P3y —Harpyska Ha IIPY>KUHHYIO OIIOPY;
Ky — ycrnoBHas ’KeCTKOCTb OTOpHI (“abcomoTHas” KECTKOCTB);
T — nepenan TeMneparyp;
T}, — Temnepatypa THIPOUCTIBITAHUN;
U — NepeMEILEHNS 3alIEMIIEHHBIX KOHIIOB U OII0D;
0’ — MOHTQXHBIN PaCTSIT;
E — monyne ynipyroctu;
p — IaBIICHUE;
P; — cocpenoToueHHbIE HArPY3KHU (CHIIBI 1 MOMEHTBHI);
g3 — pacupenenEéHHas Harpy3Ka;
7y — KoahurmeHT “ycpeHeHus” KOMIICHCAIIMOHHBIX HAMPSDKEHHUH JIJ1s1 BRICOKOTEMIIEPATYPHBIX TPYOOTIPOBOIOB;
0 — K03 (UIMEHT “penakcaluy’ KOMIEHCALMOHHBIX HAIPSKEHUIH;
“Yuer TpeHus1” — UTEPALlMOHHBIN y4eT TpeHHs 00 OMOpHhI, OTPHIBA OT OIOP U )KECTKUX IMOJIBECOK;
“H” — HOMUHAIBHBIN, “p” — pabouwnii, “X” — XOJOAHBIH, “T” — (TUAPO)UCTIHITAHNUS,
u; — pacuéTHBIC MEPEMEILECHUS [-T0 TaIa;
P,, — cuJla 3aTsra npy>kKHHOM OIopbl BHE TPyOONpoBOa;

[o]=min{R’,,/1,5;R /2,6; R, / 1,5} — nomyckaemoe HampsKeHHe;
o) =min{(25-R.,,/ RIR],. 2R],.};

[0,,] — momyckaemas aMIIMTYy 18 HAIPSKEHUI;

[o], =min{13[c) KR, / 15} K, =125-0375(c),/R.,;

[o].c =min{c],.. K/R, / 15} K/ =175-0375(c),/ R’

mt
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ACTPA-ADC’2009. Bepudukanmonnsriii otuet. Tom 1 Haznauenwne u o6nacts npumenenus [1C

P! = —uf K, — nna pacueros 1, 10; 3aganHas pabouast Harpy3ka — Juis pacuetos 2, 11, 12;
X _ 4 .

P3y 7P3V +(”m _un)'KnP 'N’

u,, —BEPTHUKAJIbHOE TEMIIEpATypHOE MEPEMEIIECHIE CEUCHUS ITOJBECKH;

u,, — cOOCTBEHHOE BEPTUKAIBHOE IIepeMEIIeHHe TOUKH II0/IBeCa [IPYKUHHON OIOpPHI;

N — 4ucno ueney (Tr) NpyXUHHOH OTOPHI;
s _ pp 3 .
Psy _PJV +(u11 _un)'KnP -N;
M;I — BEPTHUKAJIBHOC IMICPEMCIHICHUEC HA 3TAIIC 2,
P, — Harpy3Ka Ha NPYKMHHYIO ONOPY MPHU THAPOUCTIBITAHHSAX;
pr)KI/IHBI IIpU TUAPOUCIIBITAHUAX 3AKTIUHEHDbL.
r_ 3 .
Psy =—Upe K Vo
U] — Majoe PacyeTHOE BEPTUKAILHOE MEPEMEILIEHHE B TOUKE TTOIBECKU Ha YTarle T'MAPOMCIILITAHNH (MIEATbHOE 3HAYEHUE PABHO HYIIO).
[Tpy>KUHBI IPU THIPOUCIBITAHUSIX PACHYUCHBL:
r _ pr 3 . r _ pr .
PSY_P] _“r'KnP'N’ P3 _P3y+(um_un)'KnP'Kz'N>
U] — BEPTHKAIbHBIE IEPEMEIIEHHS HA IEPBOM TOITAIIE TIPH THAPOUCTIHITAHHSIX;

K, — koa(duumenT, yauThIBalONIMN BIMSIHAE TEMIIEPATYpPhl IPH THPOUCIIBITAHHSX;
Kz = (tPAb‘ —Lyon _tl‘)/(tPAb‘ ~Lyon ) 5 t. = (tmgp _tXOJI) .

_ . — 2 .
q3r= g3t Aqr; Aq=-1:(D/2-S)" Yrunp;
Vruap — PA3HOCTB MEXKIY Y//IbHBIMH BECAMH CPEJI, 3aIOHSIOIMMHU TPyGONPOBOJ, IIPU rHAPO(ITHEBMO)UCIIBITAHUSX U B PAGOYEM COCTOSHHH.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Haznauenne u o6nacts npumenenus [1C

6) ACTPA-/JHH — pacuet Tpy6onpoBoaHbIX cucteM ADC Ha HeyCTaHOBMBIIHMECS IH-
HamMH4eckue mporecchl. OnpenenstoTes napaMeTpbl HEYCTAaHOBHUBIIUXCSA BBIHYKJCHHBIX KOJIe-
OaHuli, HEOOXOAMUMBIE TSI OIICHKU MPOYHOCTH MPH HECTAIMOHAPHBIX (MTEPEXOIHBIX) PEKUMaAX U
aHaJM3a aBapUIHBIX CUTYallHii, CBI3aHHBIX C pa3pbIBaMHU TPYOOIIPOBOJIOB.

CunoBble IMHAMMYECKHE BO3IACHCTBUS 3aJalOTCSI B MPOU3BOJBHBIX TOYKAX CHUCTEMbI
TpyOONpOBO/Ja B BUJI€ BPEMEHHBIX 3aBUCUMOCTEW AABICHHS U/WUJIM COCPETOTOUCHHBIX CHIL.

PesynbraTamu pacuera SBISIIOTCA JUHAMUYECKHE NEPEMEILEHHs, YCUIIUs, Harpy3Ku Ha
OTIOPBI U Y3J1bl, aMIUTUTY/Ibl IPUBEICHHBIX HANpPSHKEHUH IS BCEX MOMEHTOB BPEMEHH, a TaKKe
MaKCHUMaJIbHbIC 3HAYCHUS (32 BpEMs BO3JICHCTBHS).

7) IIOCT-ACTPA — “nioctiiponieccop” KOMIUIEKCAa 00E€CTIEUUBACT CIEAYIOMINE PEKUMBI
paboThI ¢ pe3yJbTaTaMM CTaTUYECKUX U IMHAMUYECKUX PACUeTOB:

— JIMarHOCTUKA TPEBBIIICHUNA PAacYeTHBIMU NapaMeTpamM (HampsDKEHUs, Harpy3Kd Ha
OTIOpHI, B3aUMHBIE TIEpEMEIICHHS TPYO) KpUTEPHATbHBIX 3HAUCHU I

— BU3yaJIM3alusl epeMeIleH A1 BceX 3HAUMMBIX 3TAloOB pacyera, BKIItoYas orpeje-
JICHWE KOJUTU3UH — HEIOIMyCTHMO MaJlbIX 3a30pOB, KaCaHWW W TepecedeHnuii Tpyo B nehopMupo-
BaHHBIX COCTOSIHUSAX;

— BH3yaJIM3alusl YCWINH U HaNPSDKEHH C OIIEHKOM MPOYHOCTH 110 HOPMATHBHBIM KpH-
TEpUsIM;

— BU3yaJIM3alys Harpy30K Ha OMOPbI U MIPYKUHBL;

— aHUMaIus COOCTBEHHBIX (hOpM KoJeOaHuU;

— TaOJIHIIBI MAKCUMAJTBHBIX TIEPEMEIICHUH, HATPSDKEHHUH, YCHITNI 1 Harpy30K, BHIOOPKH
110 COPTaMeHTaM TpyO, THOOB U TPOWHUKOB;

— TOJIHbIE TAaOIUIIBI PE3YJILTATOB PacyueTa;

— (popMHpOBaHUE OTYETA;

— COXpaHEeHue, IEpEUMEHOBAaHNE U YaleHne (aiioB pe3yIbTaToB.

8) ACTPA-CTA/IHO — mnopacucteMa, obecrneuuBaromas yrouHeHHbd MKD-pacuer
TEMIIEPAaTypPHOIO M HAIPSHKEHHOTO COCTOSIHUSA, CTaTUYECKOM, LMKIMYECKOM M CEHMCMMYECKOU
IPOYHOCTH CIEYIOUMX JeTajgeil TpyOOoIpoBOJOB MpU MOJHOM CHUCTEME 3HAYMMBIX HArpy3ok
(BHyTpeHHEe JJaBJIeHUE, BEC U TEeMIIEpaTypHbIe Ae(opMaIiim, oceBast ¥ MOMEPEYHBIE CHIIBI, U3TH-
Oarolye U KpyTAIIMA MOMEHTHI Ha TPAaHULIAX-TOPLIAX ):

1) mpotinukoé OpPTOrOHAIBHBIX U HEOPTOTOHAJIBHBIX (KOCHIX) PaJUalbHBIX (CBAapHBIX,
IITAMIIOCBAPHBIX, IITAMIOBAHHBIX M KOBAaHBIX, CO CBApHBIMU IIBAMH, HAKJIaJKaMU U IUIAKH-
PYIOIIUM CJIOEM);

2) ome0006 (THOOB, KOJIEH) THYTHIX, KDYTOU30THYTHIX, IITAMIIOBAHHBIX U CEKTOPHBIX C
Y4ETOM JJUIMNTUYHOCTH, PA3HOCTEHHOCTH (IIEPEMEHHON TOJIIMHBI CEYEHMSI) U MPUMBIKAIOIINX
IPSIMBIX TPYO;

3) Kocblx cmbikos;

4) KOHUYECKUX Nepexo0os;

5) TMH30BBIX M CHIIb(OHHBIX KOMNEHCAMOpPO8 OCEBBIX, YIIIOBBIX U CIBUTOBBIX (MHOTO-
BOJIHOBBIX C Y4E€TOM ITPUMBIKAIOIIUX MPSIMBIX TPYO).

IMoncucrema o6namaeT AUAIOTOBBIM TaOIMYHO-TpApUUECKUM Ipe- M MOCTIPOIIECCO-
pOM, MOKET OBITH CBsi3aHa ¢ 02301 JAHHBIX TUIIOBBIX JIEMEHTOB, TPEOYET JUIIH HEOOXOAMMOTO
MUHMMYyMa HH(QOpPMAaIUU Il aBTOMATUYECKOH T'€HEepalud ONTUMAIBHBIX MO0 TOYHOCTH TPO-
CTPAHCTBEHHO-000JIOYEUHBIX (IIJI1 TOHKO- U “‘CPEAHECTEHHBIX AJIEMEHTOB) U OOBEMHBIX (JJIs
TOJICTOCTEHHBIX JeTalel U CUCTEMBI “TPyOOIPOBOA-U30JIALUA-TPYHT ') pACUCTHBIX KOHEYHO)JIE-
MEHTHBIX MOJIeeil. BEIUUCIUTETbHBIM “SapOoM™ CITY’)KUT MOITHBIN BEPUPUIIUPOBAHHBIN KOHEY-
Ho/cymniepanemeHTHbIN Komiuieke CTA/HO [9], umeromuii 60raThiii MOCITYyKHOW CIUCOK HCCIIe-
JIOBaHHBIX CIIOKHBIX OOBEKTOB aTOMHOM, TEIJIOBOM M TMAPOIHEPreTUKHU, PA3IUYHBIX OTpacieil
CTPOUTENBCTBA M MAIIIMHOCTPOCHHUS.

Pe3ynbraThl pacyera npu 3alaHHBIX COUYETAHUAX HAIPY30K:

— y3JI0BbI€ TEMIEepaTyphl (111 CTALIMOHAPHOM 3a/1a4M TETIONPOBOIHOCTH);

— y3JI0BbIE MIEpeMEICHHs (BapuaHT — IPU €JUHUYHBIX Harpy3Kax — MaTpuua MnojaTiiu-
BOCTH);
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Haznauenne u o6nacts npumenenus [1C

— 3HAYUMBbIE€ KOMITOHEHTHI TIOJIHBIX HOPMAJIbHBIX U KaCaTEIbHBIX HAIPSKEHUHN, TTIABHBIX
HANPSsOKEHUHN U MPUBEICHHBIX (3KBUBAJICHTHBIX MO Tpecka u Mu3secy) HanpspkeHU Ha BHYTPEH-
Hell, CpeAMHHOM 1 Hapy»KHOU noBepxHocTax KO;

— OLICHKA CTaTHUYECKOM, [IUKIMYECKON U CEUCMUYECKOU NMPOYHOCTHU MO KPUTEPUIM JIEH-
cTByromux “HopM pacuera Ha MPOYHOCTH OOOPYIOBAaHUS U TPYOOIIPOBOJOB ATOMHBIX IHEPIE€TU-
yeckux yctaHoBok. [IHAD I'-7-002—-86” [1].

2.2 Ozpanuyenus no npumeneHuro TPOrpaMMbl ONIPEAEIAIOTCS JTUHEHHO-ypyroi o0na-
CTBIO PEILICHUS MPU MaNbIX JedopMaIUiX U TUHEHHBIX KOJIeOaHUIX TPYyOOIpPOBOIHON CUCTEMBI.

OcHOBHBIE peaTn30BaHHbIEC TUIIOTE3bI: U30TPONHUS U JTUHENHAS yIIpyrocTh MeTaia (pu-
3UYecKas TUHEHHOCTh) U MaJocTh AedopMalnii-epeMeriennii (reoMeTpudeckas JTMHEHHOCTB).
[TomsyuecTh U penakcanysl HaOPsHKEHUN B BBICOKOTEMIIEPATYPHBIX TPYyOOIpPOBOIAaX MOJEIHUPY-
€TCsl B paMKaX MHXEHEPHOT0 MoaxoAa — "(PUKTUBHBIX TemmepaTyp'" ams padouero (3tam 2) u Xo-
J0HOTO (3TaMn 4) COCTOSHUM.

[IpakTHueckue OrpaHUYEHUs MO PA3MEPHOCTH PEIIAEMBIX 3a/au ONpPEAeAeTCs pa3Me-
paMH JOCTYITHOM ONEPATHBHOW IAMSATH, IMCKOBOTO IPOCTPAHCTBA M BPEMEHM cueTa. Tem He
MeHee, MporpaMma uMeeT GopMaTbHbIE OTPAHUYEHHS Pa3MEPHOCTH.

IIK ACTPA-AD2C 2009 naknagsiBaeT CIEIYIONIUE €IUHBIE KOJIUYECTBEHHbBIE OrpaHrye-
HUS Ha PaCUYETHYIO MOJIEIb B IIEJIOM U KaKIbIH CYNEp3JIeMEHT, MO3BOJISIONINEe CBOOOIHO aHAIH-
3UpOBaTh TPYOOIPOBOJHBIE CUCTEMBI “TIPEAENIbHOI” CI0XHOCTH (B CKOOKax MpPHUBENEHBI COOT-
BETCTBYIOIINE JaHHbBIE AJisl paHee aTTectoBaHHON Bepcunt ACTPA-ADC 6.1):

XapaKkTepuCTHKH JAuana3oH u3MeHeHUs
Uuco y3710B (CynepaieMeHThIX ) 0-4000(1—-100)
Urcli0 HEPa3BETBICHHBIX CYNEPAIEMEHTOB 1-4000(1-200)
Uwciio “MaTpuYHbBIX CYTIEPATIEMEHTOB 0-4000((-)
Uricio 371eMeHTOB (OTPE3KOB) 1-8000000(2—40000)
Yuciio [MHAMAYECKUX CTENEHEN ¢cBOOObI 1-60000 3 -1500)
Uriciio COOCTBEHHBIX YacTOT U OpM 1-4000(1-100)
Urciio 1aroB MHTErPUPOBAHUS IO BpEMEHU 1-60000 (1 -600)

Huxe Takxe npencrasiensl ocHoBHbIE oTinuuust [IK ACTPA-AD2C 2009 ot panee aTte-
croBanHol Bepcun ACTPA-43C 6.1.

Crieninuyeckue OrpaHWYCHUS, CBSI3aHHBIC C UCIIOJIB30BAHUEM TEX WJIM MHBIX JJICMCH-
TOB IMPH MPOBEJCHUHN XapaKTEPHBIX PAcueTOB, MPUBEIEHBI B COOTBETCTBYIOLINX MYHKTax pasie-
na 5 “O6mero onucanus [IK ACTPA-HOBA 2009 [25].

2.3 B pamkax cBoux BbIYMCIUTEIBHBIX BOo3MOxHOCTEU [IK ACTPA-A2C 2009 Moxer
WCII0JI30BATHCSA JIJIS1 BHITIOJIHEHUSI KaK MPOEKTHBIX, TAK U AKCILTyaTallMOHHBIX PACUETOB, a TAK¥Ke
CITyKHTb ISl BBITIOJIHEHUS JIMIIEH3UOHHBIX pacueToB At 000cHOBaHUA Oe3onacHOCTH OOBEKTOB
UcnonwszoBanus AtomHoi Duepruu (OUAD).

2.4 IIporpammusiii koMiiekC ACTPA-AIC 3asBisieTcsl K IEpeaTTeCTalli KaK CPeCTBO
BBITIOJTHCHHSI WH)KCHEPHBIX PAcueTOB TEMIEPATYPHOTO U HAMPSIKEHHO-Ae(POPMUPOBAHHOTO CO-
CTOSIHMSI, OLIEHKU CTaTUYECKOU, IUKIMYECKON, CEICMUYECKON U TMHAMHUYECKON MPOYHOCTH TPY-
OOIPOBOIHBIX CUCTEM U 3JIEMEHTOB-JIETAJICH.
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OcHnosnble pazimmuns Bepcuu ACTPA-AIC 6.1, arrecroBanHoii B 1995 r.,
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 OrpaHuvYCHUusL

[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 CyNepaJIeMEHTBI

+

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

+

Bpesku “Tpyb6a-ob60pynoBaHue” ¢ y4eTOM IOJATIIH-
BOCTH

[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 HEPaBHOMEPHOIO Ha-
IrpeBa 1o BeICOTE TPYOBI

MaccoBbsIe MOMEHTEI HHCPUIUHN

Onopsl, HAarpy3Ku ¥ Maccel B y3iax CO-monenu

o R B o B S S

MaTpuyHble CyNepd IeMEHTHI ISl CTATHYECKUX U JIU-
Hamuuecknx 3anau (Kpeiira-bemnrona, dopmupona-

HUE U YYEeT)

+
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Bo3moxkHOCTH/XapaKTepUCTHKHA 6.1 2009

AJITOPUTMBI U IPOTPAMMHAasi peajiu3anus

BrinonHeHNEe «KPUTHYECKUX)» BBIYMCICHUN U XpaHe-
HIi€ MACCUBOB C JIBOMHOUW TOYHOCTBIO

I/ITepaI_II/IOHHHﬁ — YYCT BO3MOXKHOI'O OTpbIBa OT OJ-
HOCTOPOHHHUX NMACAIBHBIX OIIOP W OIIOP TPCHUA

Mrepanuii MOAIIPOCTPAHCTBA — PELICHHE YACTHOU
Mpo0JIeMbl COOCTBEHHBIX 3HAYCHHI

Yyer “noTepsHHOI” Macchl 10 BBICIIMM (popMaM Ko-
leGaHnil pHU CEMCMHYECKOM pacyeTe

“HHXeHepHBIH” y4eT TpeHUs B ONOpax B AMHAMUYE-
CKUX pacyeTax

Y TOYHEHHBIH pacdeT TEMIIEPaTypHOro II0Js, CTATH-
ueckoro u cericmuueckoro HJIC Ha ocHoOBe mpo-
CTPaHCTBEHHO-000JOYEUHbIX U TPEXMEPHBIX CXEM
IMKD, omenka craTHYeCKOM, IMUKINYECKOH M CEHC-
MUYECKOW MPOYHOCTH JeTaield TpyOOIpOBOIOB:
TPOIHHUKOB, TMOOB-OTBOJOB, IMEPEXOJIOB U JIMH30-
BBIX/CHITB()OHHBIX KOMIIEHCAaTOPOB (ACTPA-
CTAINO)

Pe3yabTarsl pacyeToB

JlomycTUMOCTh IepeMeneHu
(oTCyTCTBHE KacaHHWil M mepeceueHuid TpyO)

[lepemenieHus: B MECTHON CUCTEME KOOpAUHAT —

JlonyCTUMOCTh Harpy30K Ha OIOpPBI —

["epMETUIHOCTH ()IAHIIEBBIX COCTMHEHUH (METOIUKA
PTM 38.001-94)

+ |+|+] +

HarpspkeHnst B JTMH30BBIX/CHIIB(OHHBIX KOMIIEHCA-
ropax (Meronuka PTM 38.001-94)

AHMMaITMsl COOCTBEHHBIX (popM KoyeOaHM W JTUHA-
MHYECKON pEaKIuU

CelicMHUYeCKHe YCKOPEHHUS — +

Busyannzanus TUHAMUYECKUX MEPEMEIICHUN U Ha-
MPSHKEHUN

Pacripenienenne temmneparyp, KOMIIOHEHT W TIpHBE-
NICHHBIX HANpsHKEHUH B JAETANAX TPyOONpPOBOJOB:
TPOMHUKAaX, TI'M0ax-OTBOAAX, MEPEXOAax M JIMH30- - +
BBIX/CHUITB(OHHBIX KOMIIEHCAaTOpax (ACTPA-
CTAJINO)
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3. Onucanue I1C

3.1 B xommiexkce ACTPA-ADC’2009 peanu3oBaH €IUHBIN aITOPUTM pacyeTa Mpou3-
BOJIBHBIX Pa3BETBJICHHBIX U MPOTSHKEHHBIX TPYOOIIPOBOAHBIX CUCTEM (OMpeesieHne mepeMertie-
HUH, HArpy30K Ha OMOPbI U YCWJIMH B CEUEHUAX) KaK MPOCTPAHCTBEHHBIX MHOI'OKPAaTHO CTaTUYe-
CKM HEONPEJIEIUMBIX CTEPKHEBBIX cucTeM, u3noxeHHblii B PTM 108.020.01-75 [6] u monepHuU-
3UPOBAHHBIN JIJIA:

1) MOBBIIIEHUSI TOYHOCTH U BBIYUCIUTENHHON 3(H(PEKTUBHOCTHU ISl CUIIBHO Pa3BETBIICH-
HBIX, IPOTSDKEHHBIX U (MJIM) KOHTPACTHBIX T10 KECTKOCTH CHUCTEM;

2) ydera Harpy30K U OIMOp HE TOJIBKO B CEUEHHUSX CYyNEepITEMEHTOB (Y4acTKOB), HO U B
y37aX COEIMHEHUS CYIEepP3JIEMEHTOB;

3) y4yeTa MOBBIIIEHHON 000J0YEYHOM MOAATIMBOCTA TPOMHUKOBBIX COCTMHEHUN U Bpe-
30K TpyOOIPOBOIOB B 00OPYIOBAHHUE;

4) ydera CTEpHEBBIX 3JIEMEHTOB MPOU3BOJILHOTO (HEKOJBIIEBOTO) CEUCHUS ISl MOJe-
JUPOBAHUS CIIOKHBIX OMOPHBIX KOHCTPYKLMH M OOOpYyHOBaHUS B COCTaBe TPyOOIPOBOIHBIX
CHUCTEM,;

5) yuera TpeHHUs CKOJBKEHUS U KaU€HHS B OMOPHBIX KOHCTPYKLMSAX, BO3MOKHOIO OT-
pBIBa TPyOONPOBOOB OT HUX (71 OMHOCTOPOHHUX IO BEPTUKAIH OIOP);

6) pacueTa Ha CeHCMUYECKHE, BHOPAIIMOHHBIC U ITMHAMUYCCKUE BO3ICHCTBHS,

7) dopmupoBaHUS U yueTa T.H. MAaTPUUHBIX CyNEepITEMEHTOB (’KECTKOCTH, Macc M Ha-
rpy30kK, nporeaypa Kpeiira-bemnrona).

AJITOPUTM COYETaeT CyNepINIEMEHTHBIN MOAX0 METOa TIepeMEIeHH ¢ MeToJaMH Ha-
YaJIbHbIX MTapaMeTPOB M MPOTOHKH (IS KaXKJI0TO HEPa3BETBIECHHOIO CYNEPAJIEMEHTA), pealu3y-
€T CHEeKTPaJbHBIA MOAXO0 (Pa3lokKEeHHE MO 3HAYUMBIM COOCTBEHHBIM (opMaM KojeOaHUH, Orl-
penensieMbIM U3 PelIeHHsI YaCTHYHOU MPOOIIeMBbI COOCTBEHHBIX 3HAUYCHUI) TMHAMHYECKOTO aHa-
au3a, UCHoib3yeT 3((eKTHUBHBIC MIArOBO-UTEPAIMOHHBIC MPOLEAYPHl PEIICHUS HETHMHEWHBIX
3azad.

3HayMTeNbHAs YacTh PEAIM30BAHHBIX YMCIEHHBIX METOJIOB, CXEM M MPOIrpamMM IOJIHO-
CTBIO MJIM ¢ HEOOXOJMMBIMU MOJU(PHUKANMAMU 3aUMCTBOBAHA M3 “‘MaTEPUHCKOTO” YHUBEPCAIb-
HOTO KOHEYHO- M cynepaaeMeHTHOro komruiekca nporpaMm CTAJIAO [23], ¢ momMoLIpl0 KOTO-
poro perieHsl pa3HooOpa3HbIe, B TOM YHCJIE TI0XO0 00YCIIOBJIEHHBIE CTATUUYECKUE U AMHAMUYE-
CKHe 33/1auu “‘CBepX’0O0NBIION pa3MEPHOCTH JJIsl MPOCTPAHCTBEHHBIX CHCTEM, CYIIECTBEHHO 00-
Jee CIOXKHBIX (IUIMTHO-000JI0UEYHO-CTEPKHEBBIX, TPEXMEPHBIX U KOMOMHHUPOBAHHBIX), YEM
TpyOONpPOBOHBIE (CTEPIKHEBBIE).

3.2 IIpenycMoTpeH pexuM cratuueckoro pacuera (3tan 3 pacuera 1, ACTPA-CTAL]) ¢
ABTOMATUYECKUM BBIOOPOM XapaKTEPUCTUK MPY>KUHHBIX IMOJIBECOK, MPOBOAMMBIM HTEPALMOH-
HBIM IyTEM B COOTBETCTBUHU ¢ pekoMeHaauuamMu PTM 24.038.12-72 [8]. CxogumocTs npouecca
(kak mpaBuIIO, 3aaeTcsl KpuTepuil He Oosee yem 25-35%-ro oTiMuusl Harpy30K Ha MPY>KUHBI B
“paboueM” U “XOJIOTHOM” COCTOSIHHSIX) TIOCTHTAeTCs 3a 2—4 UTepalluu.

[Ipu onpenenennn xapakTepucTuk “‘cnenuanbHbiX” npyxkuH BHUIINOT yuuteiBatoTcs
TaKXKe yIJIMHEHUS TAT U U3MEHEHHE TePMOMEXaHUYECKUX XapaKTePUCTUK MPY>KUH IPH Harpese.

[IpenycmoTpeHa BO3MOXKHOCTh Y4Ye€Ta HAKJIOHA TAT MPYKUHHBIX IMOABECOK (YNPYyrux
OTI0p) U JKECTKHX IOJIBECOK, BO3HUKAIOILETO MPH TeMIIEPATypHBIX MEPEMEIIEHUSIX TPYyOOIpoBo-
J1a; 7151 3TOTO JAOJKHBI 33/1aBaThesl pabovre JUIMHBI TST TOJIBECOK.

3.3 Tpenue cxonbxeHus U (WIN) KaYEHHUs B OMOPHBIX KOHCTPYKLHUSAX HHU3KOTEMIIEpa-
TYPHBIX TPyOOIIPOBOJOB YUUTHIBAETCSl B paMKax mojenu Kynona no AByM anbTepHATUBHBIM Me-
tonukaM (ACTPA-CTAL]).

ITo meroguke HITO LIKTU [29] TpeHune yuuThIBaeTCS MpU MEPexoje U3 padoyero co-
CTOsiHUS B XosoaHoe (3tan 3). B pabouem coctosHum TpyOompoBoaa (3tanm 2) K IeHCTBYIOLUIMM
KBa3UCTAllMOHAPHBIM Harpys3kaM (Bec, JaBlIEHUE, TeMIiepaTypa U Jp.) 100aBISIOTCS CUIIBI Tpe-
HUS, OIIpE/ICIICHHbIE Ha dTane 3.

3A0 HULL CtaluO (www.stadyo.ru  stadyo@stadyo.ru), 2009 30




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Omnucanue [1C

[lo meroauke mHcTUTyTa “T'Mnpokaydyk” [32] TpeHHE yUUTHIBaeTCs NMpU JEHCTBUU Ha
TpyOOIPOBO/I BCEX HArpyKaromux (GakTOpoB OTAEIBHO B paboyeM (3Tam 2) U XoJIogHoM (31ar 4)
cocrosHusx. Ilepexon n3 paboyero cocTosiHUS B XOJNOAHOE (pa3Maxy MEpPEMEIICHUN 1 HalpsiKe-
HU, 9Tan 3) onpenenseTcs Kak pa3HUIa MEX1y OJHOMMEHHBIMU (pakTopaMu 3TanoB 2 u 4.

B o0enx mMeToankax TpeHHWE MOAETHPYETCS SKBHUBAJICHTHBIMH YIIPYTHMHU CBSI3IMH, XKe-
CTKOCTh KOTOPBIX BBIYUCIISICTCS B UTEPALIMOHHOM Ipolecce. KpurepreM cXoAMMOCTH MPUHATO
PaBEHCTBO (C OTHOCUTENBbHON TOYHOCTHIO 110 0,1%) mpousBeneHMs] YIIOMSHYTOH KECTKOCTH Ha
COOTBETCTBYIOLIYI0O KOMIIOHEHTY ME€pPEMEIIEHUI CUiie TPEHHUS, T.€. IPOU3BEACHUIO BBIUUCIIIEMON
HOPMAJTBHOUN peaKIMK Ha 3aJJaHHBIA KOIPPUITUCHT TPCHHUS f,.

JU1sl yCKOpEHUs! CXOJIMMOCTH MPETyCMOTPEH Pl BBIYMCIUTENbHBIX NPOLETYp, B YacT-
HOCTH, aJJallTUBHAsI UTEPALlMOHHAsI CXeMa (YUCIIO UTepalnii KojaedaeTcs, Kak IpaBUiIo, B UHTEP-
Baje 10+20 mns “mpocThix” TpyOOMpPOBOIOB C MallbIM YHCIOM Takux omop Ao 50+200 mns
CJIO’KHBIX CHCTEM C OOJIBIINM YHCIOM OTIOpP TPEHHUS).

[To aHanOrn4YHOM UTEPAIMOHHON MPOIEAYPE YUUTHIBACTCS BO3MOXKHBIA 0mpbig TPyOO-
POBOJA OT OJHOCTOPOHHUX OMOP (Ha COOTBETCTBYIOIIUX ATalax BEepTUKAIbHAs )KECTKOCTh Ta-
KHX OTIOp TPOTrPaMMHO OOHYJISIETCS).

CoueraHue ABYX UTEPALMOHHBIX MPOLIECCOB AJIS OJAHOCTOPOHHUX ONOP TPEHUS MOXKET
CYILIECTBEHHO YBEIMYHUTh YUCIIO UTEPALii, a 151 HEKOTOPBIX HEPALMOHAIBHBIX PACCTAHOBOK (C
VMH)XCHEPHOU TOUKH 3pEHUs) IaXe cliejaTb HEBO3MOXKHON CXOAUMOCTD C 3a/1aHHON TOYHOCTBIO.

3.4 “YcnoBHBIE” KECTKOCTH TPYKUHHBIX TOJBECOK (Ha »Tame 1 pacdera ¢ BEIOOPOM
NPY>KHH), )KECTKOCTH ““@0COIOTHO” KECTKHX OMOPHBIX KOHCTPYKLUH M KECTKUX MOJIBECOK (TST)
BBIUHUCIISAIOTCS] aBTOMATUYECKH, UCXOJIS U3 2-X KPUTEPHUEB:

1) oGecnieyeHne ucye3aromie MaJlbIX MePEeMELICHU 110 HapaBJICHUSM YCTaHOBKH OIOP;

2) mpenoTBpAIICHHE YPE3MEPHBIX “KOHTPACTOB” B JKECTKOCTAX, BEAYIIMX K YXYJIIe-
HUIO BBIYUCIUTEIBHON 00YCIIOBIEHHOCTH CUCTEMBI.

B cooTBeTcTBUM € 3TUMM KPUTEPHUSIMH U C BBIYMCIUTEIbHBIMHU YKCIIEPUMEHTAMH BEJIH-
YMHA JKECTKOCTH ONPEAEIIAETCSA B IPOrpaMMax Kak:

3
10* max (?j sE,?sE

rae:

E —Mopnyns ynpyrocru,

D —HapyxHbIll AaMeTp TpyOBI,

§ — TOJIILIMHA CTEHKH TPYOBHI,

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

li.1, I; — ITVHBI IPOJIETOB (PACCTOSIHUS 10 COCETHUX OTOP) C OAHON U C APYTOil CTOPOHBI
OT JIaHHOM OTIOPBHI.

3.5 Pemenue pe3ynbTupytoleil anredpandyeckoil CucTeMbl ypaBHEHH paBHOBECHS CY-
HepIEMEHTHON MoienH (OIpeesieHle BEKTOpa MepeMELICHUH B y31ax {U })

[KI{U={F}

npoBoauTes uid cratuueckux 3anad (ACTPA-CTAL]) v npu onpeneneHuyd MaTpUll OJaTINBO-
ctiu (ACTPA-®@OPM) no cxeme KBaApaTHOrO KOpHs (XOJEUKOro) ¢ Y4eTOM MOJIOKUTEIbHON
OTpEeIEIEHHOCTH, CAMMETPUYHOCTH, OJIOYHOCTHU M pa3peKEHHOCTH MATPUILIbI KECTKOCTU [K ]:

[&]=[e][L],
L] {Z}=1F}
L=z},
rae {F } — BEKTOp Harpy3ok cucteMbl. KorpuuneHnTs! MaTpuIist [K ] U TPEyroJabHOU

MaTpHIlbl-hakTopa [L] BBIUUCIIIOTCS € JBOWHOW TOYHOCTBIO. [IpemycMoTpen pexum aHain3za
TOYHOCTH NNOJTYUYCHHOT'O PCHICHUA U €0 UTCPALIMOHHOI'O YTOUHCHHMA.
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3.6 3HaunMble COOCTBEHHBIC YAaCTOTHI @; (B 3a/laBa€MOM JHAIa30HE ITUHAMHYECKOTO
Bo3aehcTBU Q, <@w <, WIK 3aJaHHOE Kolu4decTBO K/ HU3IIMX) U COOTBETCTBYIOIIME UM

dbopmbl {¢}i KOJIeOaHUI pacyeTHOW JTMHAMHYECKOW MOJENN ONPEACNISIIOTCS U3 PEIICHHS YacT-
HOM (YaCTUYHOW) TUHEHHOM alreOpandecKoil 3a1a4u 0 COOCTBEHHBIX 3HAYCHUSX:
[@]=[w? - 6* ]I ]o]
riae [CD] = [{go} /.,{(o}‘ el o} KT J— Matpuna K/ 3Ha4MMbIX COOCTBEHHBIX (hOPM,

6* = (Qf +QJ )/2 — 3a/aBaeMBIH CIBHI CTIeKTpa, [A]= [K -0*M ]71 — MaTpUIA MoJaT-
JINBOCTH IJIS JUHAMHUYECKHX CTEIEHEH CBOOOIEI, [M ] — MaTpuIla Macc (IMHAMHYECKUX CTere-
HEel CBOOO/IBI).

Pemenne gactHO# npoOiaeMbl COOCTBEHHBIX 3HaYEHHH MpoBoAuTcs B mporpamme ACT-
PA-®OPM (pe3ynbTaThl ucnonb3yiorcs nporpammamu ACTPA-CEUCM, ACTPA-BUBP n AC-
TPA-JIHH) >ddextuBHbIM 05109HBIM MeToioM JlaHmoma [45], MO3BOMNSIONIUM OMPEIeNiTh BCe
4acTOThl U ()OPMBI KOJIeOaHUN MPOU3BOJIBHBIX PAa3BETBICHHBIX M MPOTSHKEHHBIX CUCTEM (B 4acT-
HOCTHU, KPaTHBIE U OJM3KHE K KPATHBIM).

Marpuria KeCTKOCTH CUCTEMBbI [K ]MO)KCT YYUTHIBATh XapaKTEPUCTUKU OTIOp B 2-X Ba-
pHUaHTax:

1) s)xecTKOCTH 08ycmoponHux 6e3 mperus (GOpMaNIbHO CTPOTUN TOIXOJ, OTBEUAIOIINN
OTPAaHUYECHUSIM CIIEKTPATLHON JUHAMUYECKON METOIUKH);

2) KECTKOCTU 0OHOCMOPOHHUX ONOp C mpeHuem, OTpeeIeHHbIe U3 CTAaTUYECKOro pac-

yeta (ACTPA-CTAL]).

3.7 Pacuer nMHENHHO-YNIpyroro TpyoomnpoBoja Ha celicMUYecKue BO3JEHCTBUS, 3alaH-
HbIC TPEXKOMITOHEHTHBIMH CIIEKTpaMU OTBeTa (YCKOpPEHHUI) {a(a))}l,m, IIPOBOJUTCSA MO “THHEN-

HO-criekTpansHoMy Metony” (JICM) peammsoBannHomy B mporpamme ACTPA-CEHCM B cre-
JYIOLIeH Mocae10BaTeIbHOCTH.
3.7.1 Jlns ka0 i-i yduThIBaeMOU cOOCTBEHHOU (HOPMBI KOJIeOaHMIA {Q} (=12, ...,

KI) onipenensercst MakCUMallbHasi CEMCMUYECKasi Harpy3Ka Ha TpyOOmpoBO

o ol Dleost@s)
{S}i - [M]{¢}l {(P},T [M]{(D}l ( i)

rIe cos(c?, X ) - BEKTOP HAMPAaBJISIONINX KOCHHYCOB CEHCMHUUYECKOTO BO3ICHCTBUA,

a(a)i) - BeJIMYMHA (OpJIMHATa) CIIEKTPa OTBETA JJIs1 COOCTBEHHOM YaCTOTHI (), .
B o6lem ciyuae 3ajaHus Tpex creKTpoB oTBeta a,(w), a,(@), a; (a)) 10 TPEM B3aHM-

HO HepHeHI[I/IKyJB[pHLIM HaHpaBJIeHI/IﬂM
3
ol M ]Z {COS(‘_?/ X )} a; (@)

{s}, =M1}, {wl}r Mo}

3.7.2 1ns Kaxa0M i-i y4uThIBaeMOU ?)OpMBI ONPEAEISAIOTCS CEHCMUYECKUE TepeMeLLe-

/
HUS {U s },. ¥ BHYTPEHHHE CHJIOBbIE (hakTOpbl \/V, [, BO BCEX PACUETHBIX CEUYEHUAX, HATPY3KH Ha

OTIOPBI U 000PYIOBaHUE {PS }i OT CTaTHYECKOT0 MPUJIOKEHUS CEIICMUUECKUX Harpy30k {S },- .

3.7.3 OnpenensitoTcsi pacyeTHHIE BEJIMYMHBI CEHCMUUECKHUX HEepEeMEIeHUH {U }, BHYT-

s

s

PEHHUX yCHJIUi {N / } 1 Harpy30K Ha OIopkl i 0GopynoBanue (P, }
- KI 1/2
o= w. ]
iml
KI

i=l1
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i=l1

a 4€pe€3 BHYTPCHHUC YCHUIINA {Nq} — IPUBCACHHBIC celicMHUUYeCKHe HAIPS’KCHU A {GS} BO BCEX

3JIeMeHTax (Ce4eHHsIx) TpyOompoBoia.

3.7.4 CeiicMu4ecKre yCKOPEHUs Il BCEX CEUCHUM PACIIOJIOKEHUSI TUHAMHYECKUX CTe-
neHel cBoOObI (B TOM YHCIIE, U Ul CEYCHUN apMaTypbl) ONPEIEIISIOTCS B paMKaX JTMHEWHO-
CIEKTPAILHOTO pacyeTa Mo CIACAYIONICH BRIYHCIUTEIBHON TPOTIeIype.

a) AN KaXII0M i-il yunTeiBaeMoi coOCTBEHHOU (hopmbl KonebaHui {(p}i (i=1,2, ..., KI)
OTpeNeNsIeTcs] MaKCUMallbHasl CEHCMUYECKHE YCKOPCHHUS B CEUCHUSX C IMHAMHUYECKUMH CTETIe-
HsMH cBOOO B! [12-20].

(o T feosa, ()
S )

rac COS(@, f) - BCKTOP HalpaBJIAIOMIUX KOCUHYCOB celcMHUYEeCKOro BOBIIGfICTBHSI,

a(®,) - BenmunHa (op/MHaTa) CrieKTpa OTBETA /I COGCTBEHHOI YaCTOTHI (), .

0) ompeaensoTcs “UTOrOBbIE” PaCUETHBIC BETMUYMHBI CEHCMUYECKIX YCKOPEHUI {AS }

1

Kl 1/2

i=1
3.7.5 JlonoaHUTENbHBIE, PETJIAMEHTUPOBAHHbBIE HOBOW peJaKLiell HOPMAaTUBHBIX JOKY-
MEHTOB BO3MOKHOCTH CEMCMUYECKOI0 pacueTa — y4eT «IIOTEPSIHHOID Macchl 1O BBICIIUM COO-
CTBEHHBIM (hopMaM, COOTBETCTBYIOIINM YacToTaMm BbIe 33 1.
AJITOPHTM, PeaTH30BaHHbII B aKTyaabHOM mporpammuom Momyne ACTPA-CEMCM,

CBOJUTCS K OINPEACIICHUIO JOMOIHUTEIBHON KBAa3UCTAaTUYECKON HArpy3Ku {S }, YYUTBIBAXOLIECH
o *
BKJIa/1 BCEX HEYUYTEHHBIX BBICIIUX COOCTBEHHBIX (popM Kojiebanwuii (fi > @ = 33I'n):

s} = M Jae"),

rac:

ey o o leoat)
{77 }_{I} ;{77}1‘9 {77}1‘ {(/7}1' {(D}lT[M]{gp}[ ) {1} { (, )}

U BBI3BAHHBIX €10 MEpeMELIeHNH, Harpy30K Ha OINOpbl, YCUIMH U HaNpsDKEHUH B cede-
HUsX TpyOomnposoja [23].
3.8 Jlunamuueckuii pacuer TpybonpoBoJa 1o “riargopMeHHON cxeme” Ha ceiicMuye-

CKHE€ BO3JEHCTBUS, 3aJJaHHbIE OTBETHBIMU aKCEJIEPOrpaMMaMHU {a (t)}123, BBITOJIHAETCS CIEK-
TPaJbHBIM METOJIOM C Pa3lIoKEHHEM N0 coOCTBeHHBIM (hopmam kosebanuii (ACTPA-CEUCM).
ITo cxeme [roamens uHTerpupyercst no BpeMeHu K/ ypaBHEHHH JABUKEHUS B “HOPMAaJIbHBIX KO-

opauHatax’” Z(t):

Z()+280,Z,(t)+ o] Z,(t)=

rne =1,2,...,KI,
{a(t)} — BEKTOp 3aJIaHHBIX (B 00ILIEM CiIydae - TpeX) KOMIIOHEHT aKCeJIeporpamm,
&, — kK03 UIHMEHT NeMI(pUPOBAHUS B AOJISIX OT KPUTUYECKOTO (IIPU OTCYTCTBUHU
9KCHEPUMEHTAIbHBIX AAHHBIX NpuHUMaeTcs &, =0.02 [1]).

B pesynbrare pacuera (MHTErpUpOBaHHUS MO BPEMEHHU) OINPEAETSIOTCS CEHCMHYECKHe
nepeMeNnieHUs] U HaNpsHKeHUs B 33JJaHHBIX CEYCHHSIX, MAKCUMAaJIbHBIE 32 BCE BPEeMsI HHTETPUPO-
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BaHMs. Tarxke ONpeneNsroTcs MaKCUMaJIbHbIE Harpy3KH Ha MPYKHUHHBIC TIOJIBECKH H MIPOMEXKY-
TOYHBIE OINOPBI, 000OPYJOBaHUE U CTPOMUTENbHbIE KOHCTPYKIMHU. Tlo 3ampocy mosb3oBarenst Mo-
TYT TaKXX€ BBIJJABATHCS BPEMEHHbIC 3aBUCIMOCTH MCKOMBIX MapaMeTpoB (B TaOIMYHO-YHACIOBOM
u rpadudeckux popmax).
Bennuuna mara uHTerppoBanus At BHIOUpAETCs U3 YCIOBUS
At =min{T,, At /n}
rae  Af, —mar nuppoBKU aKCeIeporpamm,
T, =2r/w,, —nepuon (c) KI-it coocTBeHHON (HOPMBI;
n =1 — npu ManoM mare UdpoBkH (6oee 6 TOUEK HA XapaKTEPHBIA MEPUOJ aK-
ceneporpamm), n =2 +6 — npu “rpy0oit” mudpoBke.
3.9 CnexTpayibHbIi pacdyeT HapaMeTpoB YCTAaHOBMBILUXCS BBIHY)KJICHHBIX BUOpaunui
(mepemelieHni, HaNpsHDKEHUH M Harpy30K Ha “ornopbl”’) TpyOONpPOBOAOB C JUHEHHO-YIIPYTUMU
CBSI3IMU NPU JETEPMHUHUPOBAHHOM CHJIOBOM HArpy>kKe€HHH, 3aJlaHHOM JJIsl TPOM3BOJIBHBIX cede-

HUH CTEP)KHEBOW MOJETH (C 00s3aTEIHHBIM PACIIONOKEHHEM MPUBEICHHON MAcChl B 3TOM ceye-
HHUM) B TIOJIMTAPMOHUYECKOM BUJIE:

J
{F(t)}= Z ({F}q. cosdt+ {F}S]— sin Hjt)
j=1
MIPOBOJIUTCS 110 AITOPUTMY (CM. HUXKE) peannzoBaHHoMY B iporpamme ACTPA-BUFP.
3.9.1 AMmuuTy 161 BUOpOnepeMeieHUi {U } ; AL K&KJIOH BO30YXKAAIOIIEH 4acToThl 6,

BO BCCX CCUCHUAX PACIIOJIOKCHHA MAaCC ONPCACTIAIOTCA 1O CICAYIOIUM 3aBUCUMOCTAM!

= (o +oh)”

KI Fu( 9 ) ":Za)e
Ul =~
{ }(/c ; (a)l?_ j) +4Ew!0?

KI F ( 09 )+2F é:‘a)ie'

cij

)2 +4E 0] 0;
F, {co},r{ /M
F, =l {F}, /M

M, = {(p}zT [M]{¢}z
3.9.2 PacueTHbIC aMILTMTYIbI BUOpPOIIEpEMEIIICHHIA {U } ; BO BCEX MM 33/IaHHBIX CEde-

sij

{(9 }i

HUSIX CYINEPAJIEMEHTHON MOJEIH ONPECSIOTCA PEUICHUEM CTaTUYECKOM 3aJadd OT JECUCTBHS
MPUJIOKEHHBIX WHEPLUOHHBIX HArpy30K (B MeCTaX pacHoJIOKEHHUs IMHAMHYECKUX CTeleHen

ceobombl) {F}, =0 [M]U},.

J
3.9.3 Jlanee mo 3HauennsM BuGponepemeneruii {U | ; OTPEJIEISIOTCS AMILIUTYIbl CH-

JIOBBIX (paKTOPOB {N '} ;» @ 3aTeM - aMILTUTY/Ibl IPUBEJICHHBIX BAOPOHATIPSIKECHHUH {aaF }j .

3.9.4 M3noxxeHHass METOAMKA TO3BOJISIET YY€CTh U KMUHEMAaTHYECKOEe UM BUOpPALMOHHOE
BO3/ICUCTBHS HA Psijl ceUeHuil (omop, maTpyOKOB M CTPOUTENBHBIX KOHCTPYKIIHIA) TpyOompoBoaa,
3aIaHHBIE B BUJIC NTOJIMTAPMOHUYECKUX TIEPEMEILICHUN:

J
U)= z ({U}Cj cosd, + {U}Sj sin@,, )
Jj=1
JIsl 3TOro B yKa3aHHBIX CEUEHHAX PAacUETHOW CTEp)KHEBOM MOJIENU yCTaHABIMBAIOTCA
(UKTHBHBIE CBA3M OOJIBIIOHN KECTKOCTH k —> 00 I10 HANPABJIECHUAM KHHEMATHYECKOTO BO3JIEHCT-

BUS U 33J1a€TCS YKBUBAJICHTHOE CHJIOBOE BO3ACHCTBUE C nmapaMeTpamMu:

{F}cj :k{U}cj 1 {F}y =k{U}Sj
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3.10 CniekTpasibHBI TUHAMWYECKHA pacueT HEYCTAaHOBUBIIHMXCS KoJieOaHuil TpyOompo-
BOJIHBIX CHUCTEM C JIMHEHHO-YIPYI'MMHU CBS3SIMM IPU NPOU3BOJIBHOM JIMHAMHUYECKOM Harpyxe-
HUU {F (t)} MPOU3BOAUTCSA MO aJrOPUTMY, peainn3oBaHHOMY B nporpamme ACTPA-/[MH. Anro-
putm cnexyer cxeme ACTPA-CEHMCM ¢ TOYHOCTBIO O 3aMeHBI CeiiCMHYECKOH HArpys3Ku
[M ]{a(t)} Ha CWJIOBYIO IMNHAMUYECKYIO {F (t)}
ITpu 3TOM XKECTKOCTHBIE XapaKTEPUCTUKU MPUBEACHHON JTMHEHHO-YIPYTOi CUCTEMBI COOT-
BETCTBYIOT 331aHHBIM CTaTUYECKOMY JABIICHUIO U TEMIIEpaType.
3.11 B axryansHoil Bepcun ACTPA-ADC meton cynepaniemenToB (MCD), U3BeCTHBIN
U KaK METOJ MOJKOHCTPYKLHH, peain30BaH TakKe Ul MOCTPOEHUS PelylUpOBAaHHBIX MaTpPHULL
BJIMSIHUSL CUCTEMBI MJIM Y4eTa 3TUX MAaTpHIl IIpU cymnepaiieMeHTHoH cOopke. KiroueBoit mporie-
nyport MCD siBnsiercs cratuueckasi KoHAeHcanus [63] — UCKIIOYEHUE BHYTPEHHUX CTETICHEH
CBOOO/IBI OAKOHCTPYKIUMH {U; | , — IPUBOZSIIAS HCXOAHYIO OJIOUHYIO CHCTEMY yPaBHEHHUI paB-

HOBECHUA:
K K, ||lu F
ii ib i i
Kbi Kbb u F;
K peﬂyquOBaHHOI?'I CUCTEMC OTHOCHUTCIIBHO KOMIIOHCHT BeKTOpa FpaHI/IIIHLIX HEU3BECT-
HBIX {Mb} .

b

[K1iu,} = {F},
rie [K]=[K,,]1-[K,1[K,]'[K,].
{F}={F}-[K, K] {F}.
PenyuupoBanHble MaTPHUIIBI [[? ] u {F } UMIIOPTUPYIOTCA-IKCIIOPTUPYIOTCS Yepe3 TeK-

cTOBbIE (ailsibl, (OpPMAT KOTOPHIX YUUTHIBAET OJOYHO-AHATOHAIBHYIO CTPYKTYPY [K ], a TaKkxe

yepe3 Ounapublie Qaitnibl crpykTypsl [IK CTA/ITUO u ACTPA-ADC’2009.

3.12 Peanu3oBaH Takke aJrOPUTM METOJA NMHAMUYECKOTO CHHTE3a IOAKOHCTPYKIIMH.
MeToapl TUHAMUYECKOTO CHHTE3a IMOJKOHCTPYKIMH MOXXHO KIAaCcCH(HUIIUPOBATH MO CIOCOOY
BbIOOpa Ga3MCHBIX BEKTOpPOB MeTona Penes-PuTa nas noakoHCTpyKUUH U 10 coco0y UX CThI-
KOBKM. Yaiie Bcero B kauecTBe Oaszuca Jjs MOAKOHCTPYKLMH HCHOJB3YIOTCS €€ COOCTBEHHbBIE
dbopMbl KONeOaHUN TIPU OMPECIIEHHBIX TPAHUYHBIX YCIOBUSX: [64, 65] — Ans 3aKkperuieHHON
rpa”uilpl, [66] — mist cBOOOHONM TpaHuUllbl, [67] - [T YaCTUYHO 3aKPEIJIEHHON TpaHUIIbI MO-
KOHCTPYKLUHU. M3 Tpex pacCMOTPEHHBIX BapHaHTOB METOAa Haubolsiee MPEeANOUTHTEIbHBIM, C
BBIYUCIUTEIFHON U pean3alliOHHON TOYEK 3PEHHUS, SBISIETCS TEPBBIA, HCIOIB3YIOMUI (HOPMBI
KOJIeOAaHUH OCHOBHOW CHUCTeMbI MeToAa mepemeinieHuid. [Ipu 3ToMm, JUIsl yIpOIIEeHUs! CTHIKOBKU
MNOJKOHCTPYKUUN U JUIsl IPAaBUJIBHOTO Y4YeTa MX JKECTKUX CMEILEHUH U MepeMeleHUl TpaHuy-
HBIX TOuYeK 0asuc u3 ¢hopM KojedaHui 1eaecoodpa3Ho AOMOIHUTE HAOOPOM CTaTUYECKUX (PYHK-
Ui OPMBI CYTIEpAIIEMEHTOB, KaX/1asi U3 KOTOPBIX MPEACTABIACT COO0I BEKTOP yNPYTUX Tepe-
MEIICHUH Y3JI0B TIOJKOHCTPYKLMH, BbI3BAHHBIX €JUHUYHBIM CMEIEHUEM IO HANPABICHUIO CO-
OTBETCTBYIOIICH (DMKTUBHOU CBSI3U JIJISI OCHOBHOM CHCTEMBI METO/Ia TTEPEMEIICHUH.

Haubonee momynsipeH peann3oBaHHBIA B yHUBepcalbHBIX ‘“‘Kommepueckux’ [TK (NA-
STRAN, ANSYS, ADAMS,...) ynomsanyteiii noaxon Kpeiira-bemnrona [64], cBoasmuiics K
IIOCTPOCHHUIO PEAYLUPOBAHHBIX MaTPULL )KECTKOCTH U MaCC

T _ch 0 .
-l iefol-| " |
)-loT ol e |

rac:
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1 0
Ic IN

b

() ,c— TIEpEMEIIEHNs BHYTPEHHUX cTeneHel cBoOoabl CO i 3aaHHBIX €IMHUYHBIX

NepeMeNeHHl TPaHMYHBIX (CTHIKOBOYHBIX) y310B, P — mepemenieHns BHyTPEHHHUX CTEIEHEH

CBOOO/IBI, COOTBETCTBYIOIIME COOCTBEHHBIM (hopMaM KoJeOaHUil MpU OrpaHUUYEHUH CTENeHEH
CBOOO/IBI (3a/I€JIKE) TPAHUYHBIX Y3JI0B.

[IporpamMMHas peanu3anusi MaTpUUHBIX onepauuil npu GopMHUpPOBaAHUU [K ] u [M ] (u
PEayLIMPOBAHHBIX BEKTOPOB HArpy30K {F }) B OCHOBHOM IIOCTPOE€HA Ha CTaHAAPTHBIX MPOLEAY-
pax, conepxamuecst B moayisix I1IK. He BcTtpewaer kakux-nmbo TpyJHOCTEH, ciieayss KaHOHUYe-
CKOM KOHEYHO(Cymep)3JeMeHTHON cOOpKe, U y4eT [K ], [M ] " {F } B 001Ieil cynepaaeMeHTHON

MO/IEJIH.

HMnopT-3KCOpT MaTpuI] OpraHU30BaH 4Yepe3 TEKCTOBBIC (ailibl, GopMaTr KOTOPHIX
YUUTBIBAET OJIOYHO-AMArOHAIBHYIO CTPYKTYPY [K ] U 3aM0JIHEHHYIO CTPYKTYpPY [M ] B uactHo-
ctu, noanepxkubaetcs popmat [IK NASTRAN u ANSYS.

Taxxe (GOPMUPYIOTCS, XPAHATCA M IOCTYIHBI OMHApPHBIE (ailiIbl C [K ], [M ] u {F } ,
cTpykrypa koTopsix coorBeTcTByeT IIK CTAZIIO u ACTPA-HOBA.

3.13 “UccnenoBarenbckas’” MOACUCTEMA MPOTPAMMHOI0 KOMITJIEKCAa TPOYHOCTHBIX pac-
4yeToB TpyoOonpoBoaHbix cucteM — ACTPA-CTA/HO — nonaHoctbio coBMectumas ¢ ACTPA-
ADC’2009 (3KCHOPT TEOMETPUUECKUX XAPAKTEPUCTUK, (PU3NKO-MEXAHUYECKUX CBOWCTB U Ha-
I'py30K, UMIIOPT YTOYHEHHBIX HANpPsKEHUH U MaTpHIl )KECTKOCTH/MOAATIAMBOCTH), OOECIIeUMBaeT
YTOYHEHHBIH pacyeT 1o MPOCTPAHCTBEHHO-000I0UYEYHBIM U 00BEMHBIM CX€MaM METO/1a KOHEU-
HbIX AneMeHToB (MKD) HanpshxenHo-nedopmuposanHoro coctosnus (HC) u npounoctu cie-
JOYIOIMX TSDKEJIO HAarpyKEHHBIX DJIEMEHTOB TPYOOIPOBOJIOB TP JCHCTBUH IOJHOW CHUCTEMBI
KBa3MCTAaTMUECKUX HArpy30K (BHyTpEHHEE JaBJeHHE, BEC U TeMIepaTypHble JedopMalnu, oce-
Basl ¥ MOTIEPEYHBIE CHJIBI, H3TUOAIOIINE U KPYTAIINKA MOMEHTHI Ha TPAaHHUIIAX-TOPIIax):

1) mpoiinukoé OpTOrOHAIBHBIX PaAMaIbHBIX (CBapHBIX, C HAKJIaJKaMH, C IUIAKUPYIO-
IIAM CJIOEM, IITAMIIOCBAPHBIX M IITAMIIOBAHHBIX );

2) om60006 (THOOB, KOJIEH) THYTHIX, KDYTOU30THYTHIX, IITAMIIOBAHHBIX U CEKTOPHBIX C
YUETOM JJUTUITUYHOCTH, Pa3HOCTEHHOCTH (TIEPEMEHHOM TOJIIMHBI CEYCHHS) U MPUMBIKAIOIINX
OpsSMBIX TPYO, KOCBIX CMbIKOG;

3) KOHMUYECKHUX nepexo008(HuK08) KOHIEHTPUUECKUX U C IKCIEHTPUCUTETOM;

4) NUH30BBIX U CUIb(MOHHBIX KOMNEHCAMOPOE OCEBBIX, YITIOBBIX U CABUIOBBIX (MHOTO-
BOJTHOBBIX C YYE€TOM MPHUMBIKAIOIINX MPSIMBIX TPYO);

[Toncucrema akkyMyaupyeT MUPOBOW U COOCTBEHHBIN 33-1€THUI ONBIT pa3pabOTYNKOB
10 aHAJIM3Y CIIOYKHOTO MPOCTPAHCTBEHHOTO PACIIpEeNIeHHs epeMenieHni, neopmanmii 1 Ha-
OpsOKEHUH B J€TaNSIX, ONpPENeNsIOIUX MIPOYHOCTh BCEl TPyOOIPOBOJHOM CUCTEMBI, B 000pY10-
BaHUH, CTPOUTEIBHBIX KOHCTPYKIMSIX M COOPYKCHHUSX.

IToncucrema 061a1aeT IUATOTOBBIM IIPe- M MOCTIPOLIECCOPOM, MOXKET OBbITh CBSI3aHa C
0a30if JaHHBIX THITOBBIX 3JIEMEHTOB, TPEOYEeT JIMIIb HEOOXOAMMOTO MHHHMYMa WH(pOpMAIHUu
JUIl aBTOMAaTUYECKON I'eHepaluu ONTUMANbHBIX [0 TOYHOCTH MPOCTPAHCTBEHHO-000I0UYEYHBIX
(711 TOHKO- U “CPETHECTEHHBIX 3JIEMEHTOB) U 0OBEMHBIX (/711 TOJICTOCTEHHBIX JI€Talel) pac-
YETHBIX KOHEUYHO3JIEMEHTHBIX MoJesiel. BbuncinTenbHpIM “sipoM”™ CIIy>KUT MOILIHBIA Bepugu-
IIMPOBAHHBI KOHEYHO/CyTiepaneMeHTHbIH komruiekc CTAJHMO [23], umeronmii OoraTelii mmo-
CJIy>KHOM CIIMCOK MCCIIEIOBaHHBIX CIO0XHBIX OOBEKTOB aTOMHOM, TETIJIOBOM M THAPOIHEPTETUKH,
pa3IMYHBIX OTPACIeil CTPOUTEIHCTBA U MAITHHOCTPOCHHUSI.

[IpenycMOTpeHs! cielyromue BUIbl pacyeToB:

— CTalMoOHapHas JIMHEHHAs 3a7a4a TeTUIONPOBOTHOCTH;

— pacuetr H/IC u npounocTy;

— KOMOWHHMPOBAHHBINA pacueT (OmpeAeseHHe TEMIIEPaTypHOTO TOJISI U HCIOIh30BAHUE
€ro B KauecTBe TeMrepaTypHoil Harpy3ku uist onpeaenenus HJC);

— (OopMHUPOBAHNE MATPHULIbI JKECTKOCTH JeTalU (3JIEMEHTA).
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OCHOBHBIE pealn30BaHHBIC THIOTE3bl: M30TPONUS U JIMHEHHAsT YIIPyrocTh MeTaiuia ((u-
3U4ecKasi IMHEWHOCTh) U MaJoCTh JedopManuii-nepeMenieHnii (reoMmerpudeckas JMHEHHOCTB).
B uwactHOCTH, MpU 3TOM HE YyUWTHIBAETCS BAXKHBIM ISl TOHKOCTEHHBIX KPYTOU30THYTBHIX OTBO-
JIOB-TUOOB (B MEHBIIEH CTENEHU — /7151 TOHKOCTEHHBIX PaBHOIPOXOAHBIX TPOHHUKOB) HEJHUHEH-
HBI (paKTOp BIMSHUS JAABJICHUS HA )KECTKOCTh CUCTEMBI, peaIu3yeMblii B aHAIUTUYECKUX 3aBU-
CUMOCTSAX 11 cTepkHeBor mozenu TC.

3.13.1. @opmuposanue mampuy KIM

, Marpuust [K] u {F} cTposiTcsi Ha OCHOBE MATpPHI[ COCPEIOTOYCHHEIX (axTopos [K],
{F}" w marpuIl KOHEUHbIX d51eMenToB [k]%, {f}°[6, 7].

[x]=[] + X[t
Fi=FY S

rjie X 3HaK O3HA4YaeT CYMMHPOBAHHUE IO JIEMEHTaM C PAaCCTAHOBKOW KOA()(OHUIIMEHTOB MaTpPHIL
K3 B matpuisi KOM Ha no3unmu, COOTBETCTBYIONTHE TIIOOATBHBIM CTEIICHSIM CBOOO/IBI.

Bananuem [K]* u {F}* MOXHO HMUTHPOBATH XapaKTEPHbIC CBOMCTBA CHCTEM, BHCLIHUX K
ucciaeayeMon (mim e€ MmoACUCTEM), a TaKKe peajbHbIe COCPEAOTOYCHHBIC YIIPYTHE CBS3U C JIH-
HEWHBIMU XapaKTEPUCTUKAMU U HATPY3KHU.

Koo puuuenTsl MoaHbIX cuMMeTprdueckuXx Marpull [k]° u Bekropa {f} BEIUMCIISIOTCS 1O
KBaJpaTypHBIM cxemaM ['aycca “onTHMaibHOTO” mopsiaka TOUHOCTH [6], [9] ans 06onouedHbIX
u TpéxmepHbix KO (cm.1.3.4):

KF=11] (8] [p]BNv,
e =1 [N plejav
b = INT v
=] I [NT [eos(x', x)l{p'}as + [ [NT [eos(x', x)[{p'}aL ,

Lp

{oF = (VY s + [ VT {pha.,
o - BT 0 Yezav

v

Uy =ty +bf + i) +lpy + 07,

rae V— 00bEM DJIEMEHTA;

S, — TOBEPXHOCTh NMPHUIO0KEHHUS JABJIECHHS, OPUCHTUPOBAHHOTO 10 MECTHBIM OCSIM dJIe-
MeHTa X’;, X7, X3 (X7, y’, 2°) — {p’} ¥ 10 TII00ATBHBIM OCSIM X1, X2, X3 (X, ¥, 2) — {P};

L, — nunaun (péobpa) KO, no xoTopsIM JEHCTBYIOT pacHpenenéHuble cuibl {p’} u — {p’} B MecT-
HOW WM 001Iel CUCTeMe KOOPIUHAT, COOTBETCTBEHHO;

[cos(x', x)] maTpHIIa HANIPABIISIIOIIUX KOCUHYCOB MECTHOM CUCTEMBI KOOPAUHAT;

P — IIOTHOCTb;

[D'] maTpuiia ynpyrux NOCTOSIHHBIX MaTepHalla B JIOKaJbHBIX KOOpAUHATaX X', y’, 2” [6];

[B'] — marpuna “nedbopmanuii”;

[By] — maTpuLia NpOU3BOIHBIX:

S PAUTAKTAEE
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au' [} e .
=B le), =123
{gf . v {0 - Bexropa BecoBoit Harpysku, IPOH3BONBLHO PACIPECIEHHOH 0GBEMHOIM Ha-
IPY3KH U TEMIIEPATYPBHL.
o e
BeKTOpbI pU3MUECKUX COCTABIAIOIIMX TEH30pa MANBIX AedopMarmii {6‘ } ¥ YIIPYTUX Ha-
MPSKEHUI {o"} onpeaensoTes Gopmynamu:

) =lBlef, {o) =lfey .

Ooveounenue zpynn y3noe K9 6 scécmkoe meno.

O6wenunenne rpynm y3noB K9 B omun y3en KOM — npouenypa hopMupoBaHus KECT-
KOTo Tena, — HeoOxoauma Juist 3(pPEKTUBHOTO MOCTPOCHUSI YCEUEHHBIX (PEAYIIMPOBAHHBIX) pac-
4ETHBIX MOJIeTIeH (Harpumep, 00beIUHEHUS B )KECTKHIM TUCK).

~ ~ / 113
Martpuna npeoOpa3oBaHUS [T]3 neiictByer coBmecTHo ¢ Mmatpuueit |Tf, (‘““xectkue
BCTaBKU):

7] =[r[7];

Tak npu o0weauaeHNA 1-r0 1 N-T0 y31m0B K9 MaTpuia [T ] ; MMeeT pasmepHocTh (NX(N-N1)) n
XapaKTEePHBIA BUJ:

[E]y, [0]
[T]3 = [0]1\12 [E]N2
[E]NI [0]NI eoe

B gactHOM ciydae oObenuaeHue Beex y3moB K B oquH y3en marpuis [k]* He popmupyercs, T.K.
[k]*=0.

Yuém epanuunvix ycnosuii

Y4€Tr 0gHOPOHBIX (HYJIEBBIX) U HEOJHOPOAHBIX KHHEMATHUECKUX T'PAHUYHBIX yCIOBUHN
— 3aJJaHHBIX TMEePEMEIICHUI TPYIbl y3JI0B — MPOBOAUTCSA MyTEM OOHYJIECHUS BHEIUArOHAIbHBIX
K02(pPULIMEHTOB COOTBETCTBYIOIIMX CTPOK U CTOJIOIOB MaTpullbl [K] ¥ BUAOM3MEHEHUsT MAaTPH-
ubl Harpy30K [F| = [{F}1.. . {F}nvrF].

ANTOpPUTM OmNEpUpyeT JUIIh HEHYJIEBBIMU Onokamu Matpuilsl [K|, yMeHbIIaeT 4ucio
cTerneHel cBOOOIbI CUCTEMbI, MUHIMHU3UPYET YHCIIO0 OOPAIICHUH K BHEITHEH TTaMSITH.

Y4ér ycnoBUi NUKINYECKOM CUMMETPUM U aHTUCHUMMETPHUU OCYIIECTBIISAETCS YCTaHOB-
KOit IpyXuH 60nbLIoi skéctrocTH (K = 10° Kji — muaroHanbHbIi K03 UIHEHT MaTPHIIBI KECT-
KOCTH JJIs1 { -i CTEeTEeHU CBOOO/IbI) B COOTBETCTBYIOIIUX Y3JIaX MO COOTBETCTBYIOIIMM HaIlpaBlie-
HUSIM.
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3.13.2. YpaBHEeHHE CTALlMOHAPHOH «IMHEHHOI» TEIIONPOBOIHOCTH B MATPUYHOHN (opme
MKD umeer Buz:

[k Jo}=1e},

rac [Iq — MaTpulia TCIJIOMPOBOAHOCTH, AHAJIOT MATPHILIbI JIMHEHHOM KCCTKOCTH,
[k]=Zlkf =2 [][[BT [k]B]av

[B] — marpuia, onpeensomas TeMnepaTypHele rpagueHTsl B KO uepes y3imoBble TeMIIEpaTyphbl

{6,

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

ky, ky, k; — K03(bGHULNEHTHI TEIONPOBOAHOCTH MO TPEM IIPOU3BOIBHBIM, B3aUMHO OPTOTOHAJIb-
HBIM HaIlpaBJICHUSM (IIOCTOSIHHBIE JJIs1 3aJaHHOU TEMIIEPaTyphl);
{0} — BeKTOp MOABOAMMOTrO K y3JaM TeIa,

{o}=10}, +i0}, +{0),

L= tak=>[[[IN"tq},av,
0}=Xta¥;=> [ [IN1"{q},as,

{0}, — BeKTOp MOABOJIA TEILIA, PACHIPEICTICHHOTO 110 00BeEMY,
{0} s — TO k€, HO IO MOBEPXHOCTH,
{Q} L — KOHIIEHTPUPOBAHHBIN MOJIBOJ] TETJIA B Y3JIOBBIX TOUKAX.

3ajaun TEIUIONPOBOJIHOCTH PEIIAIOTCS B TMHEMHON MOCTAHOBKE JIJISl CUCTEM, AMIMPOKCH-
MUpPYEMBIX TpeXMEpHbIMHM H3omnapamerpuueckumu KO. AnroputMm ¢opMupoBaHus MaTpull U
peIlleHUs] CUCTEMBbl YPaBHEHUU HE OTIMYAETCA OT alfOPUTMa, PEAM30BAHHOTO AJIs PEIleHUs
JMHEMHBIX CTATUYECKUX 3a]ad.

Y4YUTHIBAIOTCS BCE MPAKTHUECKU 3HAYUMBIC TPAaHUYHbBIE YCIIOBHSL.

['pannyHBIE YCIOBUS MEPBOTO pojaa €= @, MOIECTUPYIOTCS 10 aHAIOTUH C 3aJaHHBIMH TIe-
peMeIeHUsMH B 3a7a4ax cTaTuk (11.3.4).

¥YcnoBust BTOpoOro pona

00

on b

COOTBETCTBYET Harpy>K€HHOM MOBEPXHOCTHBIMU CHJIAMU S TPaHUIIE B 3a/1a4ax CTaTUKH (qs= 0
— cBOOOIHASI TOBEPXHOCTD, YCIOBUE HEITPOHUIIAEMOCTH ).
VYcnoBust TpeThero poaa (KOHBEKITHS)

qs=h(91'0))
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rae h — mocTosHHas KOHBEKIUH, &) — TeMriepaTypa (3amanHas) cpeabl. [Iponenypa cBoautcs K
N00aBICHUIO MATPUIl- AaHAJIOTa MATPHUIIBI TPUCOSAMHEHHOH KECTKOCTH:

(K1 (VT v las

K MaTpHIE TEIIONPOBOAHOCTH [K], a BeKTOpa

fo}=SJjwNT asio,y

— K BEKTOPY TEIUIOBOIO MOTOKA. 31ech [N] — pyHKIms (BekTop-cTpoka) Gpopmsel, {&° — BekTop
Y3JIOBBIX 3HAUCHHI TEMIIEPAaTyphbl BHEIIIHEH CPEJIbI.

Memoouxa MK3J-pacuema ynpyzozo H/]C oemaneit mpyoonpoeooos

OtcyterBue, 10 1980 r., JOCTOBEPHBIX M CUCTEMATU3UPOBAHHBIX JAHHBIX O PEAJbHOM
IIPOCTPAHCTBEHHOM pPaCIpEEIICHNN YIPYTUX HaNpsyKEHUH B TPOMHUKOBBIX COCOUHEHMSIX IPHU
JIECTBUHU BCEX 3HAYMMBIX CTATHYECKHX HArpy30K He TO3BOJISLIO 0OOCHOBAaHHO OIIEHWBATH MPOY-
HOCTb M PECypC 3THUX y3JI0B, KaK IPaBUJIO CaMbIX HANPSKEHHBIX B TPyOONPOBOAAX, U CEPKHUBA-
JI0 IpUMEHEHHE Hanbosiee MePCIEeKTUBHBIX UX THUIIOB: HITAMIIOBAHHBIX C TSIHYTOW TOpPJIOBUHOM,
npopUINpOBaHHbBIX U Jpyrux. Bemmonnennsle aBTopoM IIK pacueTHo-TeopeTHueckue uccieno-
BaHusi HZIC oproronaneHeix (“IpsMbIX”) CBapHBIX, C HAKJIaJKaMH U IITAMIIOBAHHBIX TPOWHUKOB
TPyOOIPOBOJOB SHEPreTUYECKUX YCTAaHOBOK B PEAIbHOM JMAaNa3oHe M3MEHEHUS UX I'eOMETpH-
YECKUX MapaMeTpOB MPH pa3/IeIbHOM U COBMECTHOM JEMCTBUM BHYTPEHHETO JIaBJICHUS U TOPIIe-
BBIX HAarpy30K IO3BOJIMJIM BOCIIOJIHUTH YKa3aHHBIN MpoOert.

Paccmotpensr T-00pa3zHble TPOWHHKOBBIE COSAMHEHUS, OOpa30BaHHbBIC OPTOTOHAIHHBIM
nepeceyeHreM (“‘CBapHOI” TPOWHUK C 3aUUIICHHBIM WU "TPEyrojbHbIM" IIBOM) WK COMpPSDKE-
HUEM [0 3aJaHHBIM IMOBEPXHOCTAM (“‘IITAMIOBAaHHBIN’, C MpUIMBAMU U MPO(UIUPOBAHHBIN)
JBYX KPYTIJIOLWIMHIPUYECKUX 000J0YeK: IITyLepa (AUuaMeTp CpeAMHHON MOBEPXHOCTH d, TOJI-
IIMHA CTEHKH /1) U TpyObI (D,H), BO3MOXKHO, YCHJICHHBIX Hakiagakamu. HapyskHas mOBEepXHOCTh
COIPSDKEHMs IITyLEepa U TpyObl “IITaMINOBAHHBIX TPOWHUKOB XapaKTEpU3yeTCs IByMs paany-
caMU: B IUIOCKOCTH M U3 IUIOCKOCTH TpOiHMKA. ['1agKas BHYTPEHHSISI HOBEPXHOCTh CONPSIKEHUS
o0ecreyrBaeT MOHOTOHHOE U3MEHEHHE TOJIIHUHBI B 30HE TOPJIOBHUHBI.

KOppekTHBI 1 SKOHOMUYHBIM MOAXOJ, NMPEUIOKEHHBIM aBTOPOM, CBOJIUT HCXOAHYIO YII-
pYIyIo 3a7ady K CyNEpIO3ULUN PELIEHUH U1 YeTBEPTH TPOMHUKA C UCIOJIb30BAaHUEM CBOWCTB
LUKINYECKOH CUMMETPUU U aHTUCUMMETPUU JIaBJI€HUS p U § TPy 3HAYMMBIX CaMOypaBHOBE-
LICHHBIX TOPLEBBIX HArpy30K OTHOCUTEJIBHO ABYX IIJIOCKOCTEH I'€OMETPHUUYECKON CUMMETPHHU.
Hanpsoxenust ot 1elicTBUS HCXOTHOW CUCTEMBI HArpy30K OMPEAENAIOTCS KakK

3 6 g
(@), =0+ 30 4 (1" PV + (DY o ()Y o,
k=1 — =

3 6 8
(T)m _ (_1)m+1 P 4 ZT(/() + (_1)(m—l)/22_(4) + (—l)m/ZZT(k) + zz.(k)
k=1 k=5 k=7

Irac (G) — paCdCTHbIC CYMMApPHbIC HOPMAJIbHBIC HAITPAKCHUA (HpOI[OJ'ILHBIe O, U IIOIICPCYHbIC
m

g, ) (Z‘) - KacaTelbHbIE HAIlPSHDKEHUS B TOUKE m-H 4yeTBepTU TpoiHuka (m=1, 2, 3, 4 - coot-
m

k k
2(9) 5 T( - TC K€ COCTaBJIAIO-

> -~ -~ > k
BETCTBYET pacueTHOM, 2-i, 3-ii u 4-il ueTBepTIM); c" =0
IIMe JUIS COOTBETCTBYIOLICH TOUKH 1-i yeTBepTH (pacueTHOro (parmMeHTa) TPOWHUKA OT JACUCT-
BUSI IPYIIIBI HATPY30K X, (k = p,l,.. .8) ; 3HaK /" 03HayaeT JAeJICHUE HaleJo.

AHAJIOTUYHbIE METOAMKHU CYNEepPHO3HMLIMU YHPYTUX pelieHuil pa3paboTaHbl Ijasi THOOB-
OTBO/IOB (2 IUIOCKOCTH CHUMMETPHU-aHTUCUMMETPHH), MEPEXOA0B (2 IIOCKOCTH CUMMETPHUH-
AQHTUCUMMETPHH) U JIMH30BBIX-CUJIB(OHHBIX KOMIIEHCATOPHOB (4 IUIOCKOCTH CHUMMETPHH-
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AHTUCUMMETPHN).

Jlnana3oH pacyeTHBIX 3HAYEHUI TPEX ONpPENEISIIOIINX OTHOCUTEIbHBIX T€OMETPUUECKUX
napametpos (h/d; D/d; hD/Hd) oxBaTbIBajl NPaKTHUYECKH BCE TPOMHUKMU TEXHOJOTHMUECKUX TPY-
6ompoBoaoB. [ “mramMnoBaHHBIX” TPOMHHKOB, KPOME 3TOr0, BapbHpPOBAjach BEJIWYMHA pPa-
JIyca CONpsDKEHUs ITyliepa U TpyObl HApY>KHON MOBEPXHOCTH, a JUI TPOMHMUKOB C HaKJIaJKaMH
Y IIPUIMBAMU — TEOMETPUUYECKUE TapaMeTpbl ITUX 3JIEMEHTOB.

[TapameTppl KOHEYHORIEMEHTHBIX MOJIEIE pacueTHOro (pparmMeHTa BBIOMPATHCH, UCXOMS
u3 TpeOOBaHMI TOYHOCTH ONpPENEICHHUS] MECTHBIX HANpsSKEHUN B 30HE CThIKA (TOPJIOBMHBI) U
a/IeKBaTHOTO CETOYHOTO MPEACTABJICHUS ‘‘CTEPKHEBBIX~ TOPLEBBIX HArpy30K: JUIMHBI INTYLIEpa
() m TpyO®I (L) - [>2d, L>2D, uncno clioeB KPUBOJIMHEHHBIX KBaJpaTHUHBIX KD 1Mo dyerBepTH
OKPYXHOCTH IITyIepa - oT 5+6 ans D/d>2 no 8+12 nns D/d=1, B IpoAONbHBIX HAMPaBICHUIX
HITyIepa U TpyObI - OT 5+6 U1 TOJICTOCTEHHBIX 10 8+10 Is1 TOHKOCTEHHBIX TPOMHUKOB, pa3Mep

CIIOS JIEMEHTOB Y JIMHUM CThIKa (TOPJIOBMHEI) B HampapjieHuH momnepek Hee — ot 0,1/74 B
mryuepe u 0,1V RH B tpybe mns TonkocteHHsix 10 0,4Nrh u 0,4~ RH nns toncrocren-

HBIX TPOWHHKOB .
Jl0CTOBEPHOCTD YMCIEHHOW METOAUKH MOATBEPKACHA XOPOIIUM COOTBETCTBUEM PE3YJlb-

TaTOB, MOJTYYEHHBIX JJIS Psiia TOHKO- M TOJICTOCTEHHBIX CBAPHBIX U IITAMIOBAHHBIX TPOMHUKOB,
¢ OnyOJMKOBAaHHBIMHM YHUCIECHHBIMH U HKCIEPUMEHTANbHBIMU JaHHBIMU. B dacTHOCTH, coroc-
TaBJICHUE C MOJEIbHBIMU SKCIIEPUMEHTAMU U pacueTaMH IITaMIOBaHHBIX TpoHHKOoB MKD mo
TPEXMEPHON TEOPUM YHPYTrOCTU CBUAETENBCTBYET O JOCTaTOYHOM TOYHOCTH OAHOCIOMHOM (110
TOJILIMHE) aNMpOKCUMAalMKM C UCIOJIb30BaHUEM cyneprnapamerpuueckux KO nmaxe ans toscro-
CTCHHBIX TPOWHUKOB.

BrisiBieHbI clieytone OCHOBHbBIE 3aKOHOMEPHOCTU PACIIPEAETICHUSI PAaCUETHBIX YIPYTIHX
HaIpsKEHUH B OPTOrOHAJIBHBIX “‘CBapHbIX M “IITAMIIOBAHHBIX  TPOHWHHUKAX:
* Pa3mep 30HBI BO3MYILIEHHOIO MOMEHTHOI'O HAIPSHKEHHOIO COCTOSIHUSL COCTAaBIISET

~2\/E no wrynepy u ~2v DH 1o Tpy6Ge OT TMHMI HX TEpeCceueHH s, CONPSHKEHNUS MU MPH-
BapKH HAKJIAJOK, YTO COOTBETCTBYET pa3Mepy 30HbI KPaeBOro 3QeKTa Mo TEOPUH TOHKUX 000-
JOYEK.
* B paBHOIIPOXOAHBIX U OJM3KHUX K HUM TpoitHUKax (D/d<l.1+1.3) HanpsKeHus pacrpe-
JIeTICHbI HEMOHOTOHHO HE TOJIFKO B HAIIPABJICHUSX IMOTEPEK (KaK y BCeX TPOMHUKOB), HO U BIOJb
JIMHUAN CTHIKA U COTIPSDKEHUS YETBEPTH TPOMHHKA JUISl BCEX TPYII Harpy3oK. B HepaBHONPOXO-
HBIX TPOMHUKAX TOYKH C MaKCHMMAJIbHBIMH KOMITOHCHTAMH JIC)KAT Ha HApy>KHOH WM BHYTPEH-
HEW TMOBEPXHOCTIX B OJHOM M3 IJIOCKOCTEM IeOMETPUYECKON CUMMETPHH, 3a MCKIIFOYEHHUEM
NeHCTBUSL KPYTAIUX MOMEHTOB (rpynnbl X7 u Xg), a npu D/d<2+4, h/d~H/D - n MOMeHTa B
HITyIIepe B TUIOCKOCTH TpOWHUKA (X,). [ TaBHBIE HANPsHKEHUS! COBMAAIOT C MPOOIBHBIMHU U OK-
PYXHBIMH COCTABJISIIONUME O; U Oy BIIMSHUE KacaTCIbHBIX HANPSHKCHUH 7 CYIIECTBEHHO TOJb-
KO JU1s rpynn X7, X.
* B Hanbosnee HaNpsHDKEHHBIX CEUCHHSIX MPE0OIIaIatoT:

- [POJOJbHBIC M3THOHBIC HANMPSDKCHHS O, [UI1 TOHKO- M CPEJHECTCHHBIX TPOMHHKOB

(h/d<0.1) npu neiicTBUM HArpy30K Ha mTynep X;, Xy, Xs5, IpudeM MakCUMaIbHbIC HANPSDKCHUS B
mTyIepe u Tpyde cootHocATCs Kak H/h’;

0
- TONEpEeYHbIe MEMOPAHHBIC HANIPKEHUS O, (Ipu A<H Takxke ¥ IPOJOILHBIE H3THOHBIC

HAMPsHKCHUsE O, ) IPU AHCTBHU HArpy30k Ha TpyOy X, Xz u Xg;

- T€ U Jpyrue HOpMajbHble HAPSDKEHUS IPU JEHCTBUM JABICHUS p.
* Jl11 HepaBHONPOXOIHBIX TOHKOCTEHHBIX CBAPHBIX TPOMHUKOB KOA(PPHUIIMEHTHl HHTEH-

cupUKalMKM MPUHUMAIOT BecbMa Oojbllue 3HaueHus: npu h/d=H/D=0.01 ()/Z(l)) ~45 n

(7,2(5>)z40 mpu D/d=13+2, ( g)z)mxz( g?)=45+50 upu D / d=1. C poc-

TOM CTeneHn paBHonpoxoxHoctd kosbummentsr ¥, ¥ u ¥® ysemmunsaiorcs u npu D/d=1
CTaHOBSITCS CPaBHUMBIMU ¢ K03 (PUIIMEeHTaMu OT ACWCTBUS Harpy3okK Ha mrynep. B paBHompo-
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XOIHBIX TPOMHHMKAX BBIPABHUBAIOTCS KO3(D(UIMEHTHI OT OCEBBIX CHII U KPYTSIIUX MOMEHTOB B
wTynepe i TpyGe (. Ty f 7).

st “cBapHBIX” TPOMHUKOB C HAKJIaJKaMH Ha IITyLep U (Win) Ha TpyOy HampspKeHUs
OIIPENENAIOTCA TEMH K€ KOA(PPHUUHUEHTaMM, YTO U AJS TPOMHMKOB C 3aYMILEHHBIM CBapHBIM
mIBOM TIpH 3P PEKTUBHBIX TONMMMHAX: h'=h-+h,, H=H+Hy, tne h, H, - TOMIIHHBI HaKIaI0K. B

caydae [' < 3Jdh' unu L'< 3/ DH’ (', L' - “mupuna” HakmamoK) B pacrpeeleHun Ha-
NPSOKCHUH CKa3bIBACTCs B3aMMHOE BIIMSHHUE 2-X KpaeBbIX 3()(EeKToB: CThIKa TpyOa - mTyuep u
30HBI IPUBAPKH HAKJIAJKH.

* B “mrramMnoBaHHBIX” TPOWHUKAX W3THOHBIC HANPSIKEHUS, & ¢ HUMH U KO3(PPHUIIUEHTHI

1 4 5 7 9
}/Z( ', }/Z( ', 7/2( ), 7/2( ) CHMKAKOTCS MO CPABHEHHMIO C CONOCTABMMBIMH “CBAPHBIMU” TPOMHUKAMH,
IpUYeM TEM CYILECTBEHHEE, YeM OOJIble HapyKHbIE pasuychl conpsbkeHus. Ilonepednsie mem-
0
OpaHHbIE HANIPSHKEHUA O, MOTYT HE3HAYMTEIBHO BO3PACTAaTh 3a CYET YBEIUUYCHUS d(PPEKTUBHO-

ro JuaMeTpa OTBEPCTHsI B TpyOe U, BO3MOXKHO, OCIa0JeHUS MOJKPEIUIAIONIEH pOIM IITyLEpa.

* MaxkcuMasbHble CyMMapHbIe HAaNpsOKEHUS MPU OJHOBPEMEHHOM JEHCTBHH p U X;+Xy
BO3HHMKAIOT B 30HE MEPECCUCHHS] WM COMNPSDHKEHUS HAPYKHOW WM BHYTPEHHEH MOBEPXHOCTHU
HmITynepa u TpyObl B TOUKE, MMOJIOKEHHE KOTOPOI 3aBUCUT OT T€OMETPUU TPOHHUKA U COOTHOIIIE-
HUSl Harpy3ok. /[ paBHOMPOXOJHBIX TPOMHUKOB 3Ta TOYKA MOXET CMEIIaThCsl BBEPX MO ILITY-
nepy.

BbIBIIEHHOE CII0KHOE IPOCTPAHCTBEHHOE PACIIPEACIICHUE HAIPSKEHUN B TPOMHUKAX
KayeCTBEHHO U KOJMYECTBEHHO OTIMYAETCS OT MPOCTHIX aHAIUTUYECKUX 3aBUCUMOCTEH, paHee
NPUHATHIX B HOPMATUBHBIX METOJMKAX pacyeTa sl SHEProMalllMHOCTPOCHUS U APYTUX OTpac-
nel. B yactHOCTH, paHee mmpoko ucnoib3dyemas metoanka PTM 108.020.01-75, Hopm ITHAD
I'-7-002-86 u ee Mogudukauu onepupyroT Kod3(hGHULIUEHTOM MECTHBIX HANpsKeHUH Kisa),
YYHUTHIBAIOIINM ‘‘BBIBOpauMBaroiiee” ACHCTBUE MITyIepa Ha TPyOy, KOTOPHIi MoJIaraeTcst 00ImuM
JUTSL U3TUOAOIIEr0 MOMEHTA M OCEBOW CHIIBI B IITyIlepe. He paccMaTpuBaiuch MECTHBIE HaIpsi-
JKEHUS OT KPyTAIIMX MOMEHTOB Ha TpyOy M Ha mITyIep, a KodPPUIIUESHT OT HArPy30K Ha TPyOy
3a/1aeTCsl paBHBIM 3, KaK JUIsl TPyObl C OTBEpPCTHEM. YKa3aHHOE HECOOTBETCTBHE MPUBOAMIO K
TOMY, YTO JJISl pAJia TPOUHUKOB (OCOOEHHO JIi TOHKOCTEHHBIX PaBHOIMPOXOHBIX) U COYETAHUN
HArpy30K METOVKH JaBalld 3aBHIIICHHBIC 3HAUCHUSI PACUCTHBIX HAMPSIKEHHH, a B MHBIX CITydasx
— paboTanu He “B 3amac MpoYHOCTH .

Pa3paborana ycTpaHsiomas OTMEYeHHbIE HEAOCTATKH OPUTHHAIbHASI WHXCHEPHAS METO-
JIMKa pacyera MPOYHOCTU TPOMHUKOBBIX COECTUHEHHH, B OCHOBY KOTOPOW MOJIOKEHBI YCTaHOB-
JIEHHBbIE 3aKOHOMEPHOCTH IPOCTPAHCTBEHHOI'O paCIpeAesieHUs YNPYTUX HaNpsHKEHUW. 3HauM-
MbI€ KOMIIOHEHTBI CyMMAapHbIX HaNpsuKeHUd O, , 0, T, ONPENENAIOTCS B BEBIOOPOYHBIX pacyeT-
HBIX CEYEHUAX 30HBI TOPIOBHUHBI, XapaKTEPU3YIOIUX MPOYHOCTh TPOHHUKOBOTO COEAMHEHUS:, C
HCITOJIb30BaHUEM HOMOTpamMM K03 (UIIMEHTOB WHTEHCU(PUKAITUN 7/? Y Z(k) N4 ézk) U B KOHCEpBa-
TUBHOM  TPEANOJNONKEHUH JEHCTBUS BCEX MAaKCHUMAaJIbHBIX KOMIIOHEHT  HampsKe-
HI/II/IO'(k) Gz(k) R T;Zk) Ha OJIHOM MOBEPXHOCTU. MeToArKa BOIJIa B HOBYIO JICMCTBYIONIYIO pElaK-

o “Hopm pacuera Ha mpodHocTh oOopymoBaHus U TpyoOompoBogoB ADY. [THAD I'-7-002-
86[1] (11.2.9 ITpunoxenus 5).
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Ouyenka npounocmu

[IpoBomuTCs C ydyeToM Harpy3oK, 3aJlaHHBIX SIBHO WM uUMIOpTHpoBaHHbIX U3 ACTPA-
ADC (CTAILL, CEMICM), 110 cieyiomuM rpynaM IPUBEISHHBIX HAPSKEHHIL:

(0) — pacueTHbIe PUBEJCHHbIE HANPsDKEHUS (Tpymmna 2), onpeaenseMble 0 CyMMaM COCTaB-
JSOIMUX OOITUX WJIM MECTHBIX MEMOpaHHBIX W OOIIMX M3THOHBIX HANPSDKCHHH, OT JCH-
CTBHs BECOBOW Harpysku u nasieHus, Mlla;

(0)rk — MaKCUMAaNbHBIN pa3Max NpPUBEIEHHBIX HaMpsDKeHUH (rpynmna 3), ompenenseMbIX Mo
CyMMaM COCTAaBIISIOIIUX paHee YHMOMSHYTBIX HAIPsHKCHUN, OOIIMX TeMIlepaTypHbBIX, Me-
CTHBIX W3THOHBIX WM CJBHIOBBIX HANPSOKCHUH, OT NEHCTBHSA IaBIICHUS, KOMIICHCAITUH
TEMIIEPATyPHBIX PACIIMPEHUI U cMelleHus onop (koH1oB), Mlla;

(Car)xk — aMILTUTYJIa IPUBEACHHBIX ‘‘HU3KOUYACTOTHBIX  HaIpsDKeHUH (rpynna 4), onpeaensemMas
OT AeHcTBUS TeX ke (PAKTOPOB, YTO U (G)rk C YUETOM KOHIICHTpAIMM HAMpPsLDKEHUN U
OBaJIbHOCTH CEUCHUM (1S KOJICH U THOOB);

(0s)2 — pacueTHbIEe PUBEJICHHBIE HANPSYKEHUS, ONpeeIsieMble KaKk HApsHKEHUs! TPYMIbI (G))
OT JACHCTBUS IABJICHHS, BECOBOM HArpy3KH M CEHCMHMUYECKHUX Bo3aercTBuil ypoBHs 113
nmm MP3, MIla.

1) Onenka cTaTUYECKONW MPOYHOCTH M CEHCMOMPOYHOCTH BBIMOJIHACTCS MO MaKCHUMalb-
HBIM TPUBEACHHBIM HANPSHKEHUSAM, (G)2 U (Os)2 COOTBETCTBEHHO, HA CPEIUHHOW MOBEPXHOCTHU
KBOM (nns o6bemubix KD-moeneit TOJICTOCTEHHBIX AeTaneit — s "cinoa" ToYek MHTErpupoBa-
HUS, OJDKaNUIIero K CpeUHHON MOBEPXHOCTH);

2) OueHka MPOYHOCTH MO "MPHUCTIOCOOIAEMOCTH" (G)rk TAKXKE MPOBOTUTCS 10 MaKCH-
MaJbHBIM pa3MaxaM TPHUBEACHHBIX HAMPsHKEHUNW Ha CpeAMHHONW moBepXHOCTH KOM (st 00b-
emHbIX KD-Mozeneii ToJICcToCTeHHBIX eTaneil — A "cios" ToueKk MHTerpupoBaHusl, OinxKaiiiie-
T'0 K CPEIMHHON TTOBEPXHOCTH);

3) OueHka UKIMYECKON MPOYHOCTHU BBIIOJIHAETCS 110 MaKCHUMAJIbHBIM aMIUIUTY1aM NpU-
BEJICHHBIX YIIPYTUX HANPSOKEHUM (O,r) HA HAPYKHOM M BHYTPEHHEH oBepxHocTIX KOM.

3HaueHUs] KOMIIOHEHT, TJIaBHBIX U MPUBEICHHBIX HAMPSHKCHUN BBIUUCISIIOTCS HE B y3JaX

K3M, a tak, yToOBI JOCTHUTAJIaCh HAWTyYIllas BO3MOXKHAsI TOYHOCTh — B TOUKaX WHTEIPUPOBAHUS

K3 (kBagpatypHas cxema ['aycca). 3HaueHus1 B TOUKaX WHTETPUPOBAHUS MOTYT OBITh NMPUBEC-

HBI K y3J1aM MpU IOMOIIM Pa3INyYHbIX, HO PAaBHO HECTPOTUX CXEM YCPEAHECHHUS.

OTH CXEMBI CTPOATCSA TaKUM 00pa3oM, YTOOBI HE MPOIMYCTUTh SKCTPEMAalIbHbIC 3HAUYCHUS
HaNpsOKEHUH B TOYKAaX MHTEIPUPOBAHUS U JaTh JOCTOBEPHYIO KapTUHY paclpeiesieHusl Hamps-
KEHUI B paccMaTpuBaeMoil 00sacTu (Mmpexk/e BCero, B 30HaX C BBICOKUM TPAJMEHTOM H3MEHe-
HUS HapsDKEHUI ).

B IIK ACTPA-CTA/IMO peanu3oBaHbl CIEAYIOINE CXEMbI IPUBEACHUS HANPSKEHUH B
TOUYKAaX UHTETPUPOBAHUS K y3J1aM:

Cxema 1. CymMHupOBaHHE C BecaMH MO TOYKaM UHTerpupoBanus. OcpeHeHNEe 3HAUCHU N
B y3JlaX Ha BEpXHEH M HUKHEH MOBEPXHOCTSAX OOPATHO-NMPONOPLHMOHAIBHO KBaJApaTy paccTos-
HUS OT TOYEK MHTETPUPOBAHUS 0 BEIOPAHHON TOYKHU.

Cxema 2. Bb1OOp MakCUMyMa Ha BEpXHEW U HUKHEHN MOBEPXHOCTSX. i1 TOUEK UHTETpU-
pPOBaHUS Ha BEepXHEH U HIDKHEN moBepxHOCTIX KO BbIOUpaeTcss MakcuManbHOE MO0 MOJIYJIO 3Ha-
yeHue. HaliieHHbIe 3HaYeHUs NMPUCBAMBAIOTCS BCEM TOYKAaM HA BEPXHEW M HM)KHEW IMOBEPXHO-
CTSIX COOTBETCTBEHHO.

Cxema 3. Beibop makcumyma Bo BceM KD. Bbi00op MakcHMaIbHOTO 110 MOIYJTIO 3HAUCHHS
JUIst Becex Touek uHTerpupoBanus KO. [lomydenHnoe 3HaueHue mprcBanBaeTcs BceM Toukam KO.

Bo3mosken pacueT u moka3 HarnpsikeHu# Bo Becex KD wiu 3a uckmouenueM K3 ToprieBbix
30H. B TOpI1IeBBIX 30HaX BO3MOKHO MOSBIEHUS “TIAPA3UTUYECKUX ~ BBHICOKMX HANPSDKEHUH M3-32
3aKpeICHU HEKOTOPBIX y3J10B Ha Topiie (Hanpumep, B KO-monenu otona).

JI7is mOBBIIIIEHHS] HATJIATHOCTU TPEJCTABICHUS HANpsHKEHUI pealn30BaHa BO3MOXKHOCTD
0TOOpaXeHUsI U30JUMHUI Ha 1e(OPMUPOBAHHOM cXeMe.

Co3nanne KpaTKOTO UTOTOBOTO OT4YeTa (ITPOTOKOJIa) IO YTOYHEHHOW HOPMATHUBHOM OIIEHKE
CTaTHYECKOH, IIMKINYECKON U ceiicmuueckoi mpounoctu (Puc. 3.1).
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5

F CraTHYBCHaA 4 YHEAHYECEEA NPAYHOCTE
[ CoRCHONPAUHOETS

[# Fir OupiSaraTs NPOUMOCT b TOPLBBO0 S0

Puc. 3.1 ACTPA-CTAJJUO. quanor ajis HACTPONKHK BHUJIa TPOTOKOJIA

BBIBOISTCS MakCUMallbHBIC pAcCUCTHBIC HAIMPSDKEHUS, JOMyCKaeMble HANpSKCHUS U
uacHTU(UKAIVS TPEBINICHUs TTepBBIMUA BTOPHIX (ECTB) s BceX 3HAYMMBIX JTAlloOB pacyera
(rpynn Hanpspkenuit) (Puc. 3.2).

_io/x]
OIeHKka OpouHocTH ([IHA3 I-7-00Z-86).
e Fom - B il o +
| Bung pacueTa | Max(MIa) | Hom. (MIa) | Mpee |
e tomm - tomm - Fomm - +
| AIran 1. I'pymma 2 | 182.15 | 176.50 | EaTe |
e tomm - tomm - Fomm - +
| Aran 3. I'pymma 2 | 179.44 | 407.83 | |
B T T Fom - Fom - o +
| dran 3. I'pyrma 4 | 144.88 | 180.00 | |
e o Fom - Fom - o +
| | CEHCH | 7E5.19 | | EcTe +
| CelcMOEOSOEHCTERE t-—————————- o= + e +
| ConerTp W1 {(yrom KRl) | CTAI+CEMRCH | 808.81 | 217.23 | EcTe |
| o m e e + e +
| | CTAI-CERCM | GT8.79 | | Eare +
e o Fom - Fom - o +
| | CEMCM | T26.33 | | Ecre +
| CeHCMOEOSOEeHCTERE I e A S S S + S +
| CnerTp Wl {(yrom R2) | CTAIN+CERCH | g810.06 | 217.23 | EcTe |
| o Fom - + o +
| | CTAL-CEACHM | 630.06 | | Eere +
Bt et e T P Fomm tomm - tomm - Fomm - +
| | CEICM | TEE.33 |  EBEore o+
| CefcMOBOSOeHCTERE to—m - t-—m—— - + t-—————- +
| CrnerTp W1 (yrom W3} | CTAI+CERCM | 810.0e | 217.23 | EoTh |
| o Fom - + o +
| | CTal-CENCM | 650.07 | | Ecte +
e o Fom - Fom - o +
| | CEHCM | 175.50 | | +
| CelcMOEOSOEHCTERE t-—————————- o= + e +
| Arceneporpammua W2 (yrom Nel) | CTAI+CEMRCH | 253.19 | 217.23 | EcTe |
| Fomm tomm - + Fomm - +
| | CTAI-CERCM | ZE3.34 | | Eore o+
e o Fom - Fom - o +

Puc. 3.2 ACTPA-CTAIMO. ITpumep npoTOKOsa 1O OLIEHKE IPOYHOCTH
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4. Onucanue PACYETHBIX CXEM U T€COMETPHYECCKUX Moaeaen

4.1 IIpou3BoabHBIA pa3BETBICHHBIH TPyOONMPOBOJ, COAEpKAaIIMi, B 00IIEeM ciydae,
TPONHMKOBBIE Y3JIbl, 3aMKHYThIE TIETIIH, 3alllEMJICHHbIE U KOHCOJIbHBIE KOHIIbI, pacCMaTpUBACTCS
KaK IPOCTPAaHCTBEHHAsl CTEP)KHEBAs CHCTEMA, KECTKOCTb HEKOTOPBIX 3JIEMEHTOB KOTOPOH (OT-
BOJIbI-THOBI-KOJIEHA, TPOWHUKOBBIC COEJMHEHUS, JIMH30BbIe KOMIICHCATOPHI U JIp.) ONpeAesseTcs
U obonoueyHsMH ¢ dexkramu. CrcTeMa COCTOUT M3 MPOCTPAHCTBEHHBIX HEPA3BETBICHHBIX CY-
nepasieMeHToB (CD) — “y4acTKOB”, KaX/Iblii U3 KOTOPBIX HAOUpaeTcs, B CBOIO o4yepesb, U3 Mpsi-
MO- U KPHUBOJIMHEWHBIX CTEP’KHEBBIX 3JIEMEHTOB — “0Tpe3koB”. CynepajeMeHThI-y4acTKH CO-
eIMHSAIOTCS B y37ax cymnepaieMeHTHOH Mozaenu (COM); yznamu COM sBISIOTCS TPOMHUKOBBIE
y371bl, KOHCOJIbHBIE KOHIIBI M CEUEHHUSI Ha MPSIMOJMHENHBIX YacTAX TPyOONpoBOja, MPUYpPOUYEH-
Hble K MU3MEHEHHIO (PU3UKO-MEXaHUYECKUX XapaKTEPUCTUK W/WIM HArpy3oK (IJaBlieHHE, TeMIIe-
parypa).

4.2 OcHoBHbIe 31eMeHThl pacueTHO ACTPA-moznenu tpydonposoaHoii cucrems! (TC)
IpeJICTaBJICHbI HIKE B Tabaune 4.1.

KonkpeTHblid BUI OOPHI
3aBUCUT OT 3aJaHHbBIX Xa-
PaKTEPUCTUK OMOPHI

Omopa o61ero
BUJIA

Tabmuua 4.1
OnemenTsl (netanu) pacuetHo ACTPA-monenu
M3o0paxenune
No P ocenan MO DnemMeHT Onucanue/
0 Basi MO-
3D Mmozenn ACTPA-monenn NpUMEYaHue
Jeb
amemistomast | OrpaHuueHUe BCEX JIMHEN-
1. oropa (MepT- HBIX U YTJIOBBIX ITEpeEMe-
Bast) 11 (1505051
. HenonsmxHas
) 5 onopa (Henon- | OrpaHuyeHue BCeX JIMHEH-
' BIDKHBIN 11ap- HBIX TIEPEMEILCHHI
HUD)
Omnopa cKoJib-
OrpaHudeHne BEpTHKAIb-
3. : KEHWUs / Kade- .
HBIX [IepeMELICHUI
HUS
OrpaHuyeHNE BEpTUKAIb-
Hanpasnsromas
4. HBIX 1 OOKOBBIX TIepeMe-
ornopa .
HICHU I
5 : Kectkast mon- OrpanuueHue nepemenie-
' BECKa HUI BEpTHKAJILHO BHU3
[IpyxunnHas
noJBECKa IlonBecka Ha oHOI TITE
(OCT, MBH,
6. CIELIPYKUHBI,
MIOCTOSIHHOTO [TonBecka, uMeromas ase
YCWIIHS, TI0JIb- i OoJee TsIT.
30BaTes)
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Omnncanue pacyeTHBIX CXE€M U TEOMETPHIECKHX MOeneit

No

N3o0pakenne
oceBasi Mo-
3D monens
IeTb

DjIeMeHT
ACTPA-Monenun

Onucauue/
pUMEYaHne

Bocnpunumaet TosbKO Au-

AmopTtuzarop
HaMHMYECKHE Harpy3Ku
3D-mopens oTpaxaer pe-
[Tpsimas TpyOa o P P
QIIbHBINA AUAMETP TPYyOBI
Beinensiercst ot ceueHus
Hayajia BCTaBKU OTBOJA J10
OTtBOJ ceueHus ero KoHua. Mmeer

(Tub, KoneHo)

CeueHHe CepeHbI rubda
(BcTaBisieTcs MporpaMMoit
ABTOMaTHYECKH)

Tpoitnuk (cBap-
HOM, ¢ HaKIaI-
KaMH, IITaMIIO-

Brinensercs uBeTom oT y3-
J1a 10 CepeANHbBI OrKaii-
LIEro OTpe3Ka.

BaHHBIN,..)
Komniencatop
(JIMH30BBIH, KomnmuaectBo rogpos Ha
cuiIb(hOH- M300paKeHUH — YCIOBHOE
HBIH,...)
[Mepexon(Huk)
(koHmenTpuue- | Pasmep (mymna) nzobpaxe-
CKUH, HUSL COOTBETCTBYET (haKTU-
JKCLIEHTpUYe- YEeCKOM JITHE mepexoa
CKHI)
“Apmarypa”

(xnamaH, BeH-
THWJIb, 33/IBFIK-
Ka,...)

Pasmep (nmuHa) nzodpaxe-
HUS COOTBETCTBYET (paKTu-
YECKOU JUIMHE apMaTypbl

15.

“Apmatypa”
C TIPUBOJIOM
(xnamaH, BeH-
THWJIb, 33/IBFIK-
Ka,...)

Pa3meps! n3obpakeHus co-

OTBCTCTBYIOT JIMHC apMa-

TYPBI ¥ IGHTPY MaccC MpH-
BOJIA

16.

DJIeMEHT He-
KOJIBIIEBOTO
(mpou3BOJIbHO-
r0) CeUeHUs

3a)1aeTC;1 MNPpUBCACHHBIMHA
KCCTKOCTHBIMH XapaKTCPU-
CTHKaMH CCUYCHUA

17.

4/ 4

dnanenn

B nro6oM cedeHun npsiMoit
TPYOBI.
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H300paxenue
No P DJIeMeHT Omnucanue/
0 oceBas MO-
3D monens ACTPA-monenn NpUMeYaHue
b
MO>KHO yCTaHOBHUTH TOJIBKO
18. - | JHume/kpeImika
B KOHCOJIBHBIX Y3JIax
lf’ “ . ObecrieunBaeT aGCOIIOTHO
KecTkuii sme-
19. ” KECTKYIO HEBECOMYIO CBSI3b
MeHT” (BCTaBKa)
. MEXTy CCUCHUSIMU

4.3 I[IpyXHHHBIE TIOJIBECKH M PACTSIKKH, KECTKHUE TATH, ONOPHI CKOJIbKEHUSI, KATKOBBIE
U HaMpaBISIONINE OMOPHI, CEHCMO- U BUOPOAMOPTU3ATOPHI MOJCIUPYIOTCS TUHEHHO-YTIPYyTUMU
CBSI3SMH, NMPUIOKEHHBIMU B COOTBETCTBYIOIIMX Y3JIaX M CEUEHHUAX CYNEPIIEMEHTOB, JEHUCT-
BYIOIINX B TpeOyeMbIX HampaBieHUAX (TIo0anbHbIX X|, Xz, X3 WIA JTOKAIBHBIX X1, X5, x3)
00Jaaomux 3a1aHHBIMHA U/UJTU BBIYUCIIEHHBIMH KECTKOCTSMH.

PaccmatpuBaroTcst 3¢(eKThl TpeHHs B OMOPHBIX KOHCTPYKIUSAX (TPEHUE CKOJBKEHUS U
TpeHue KadeHus no Moaenu KynoHa) nmpu cTaTH4ecKuX M TEMIIEPATypPHBIX NepeMENIeHUsIX Tpy-
OompoBoaa.

4.4 JlunzoBble, cUIL(OHHBIC U CATPHUKOBBIE KOMIICHCATOPBI, apMaTypa U 000pyI0Ba-
HUE, a TAaKXKe CIIOKHBIC OMIOPHBIE KOHCTPYKIIMHU, BKIIFOYa€MbIE B PACUETHYIO MOJIENh TPYyOOIpo-
BOJHOU CHCTEMBI, UACAITU3UPYIOTCS:

1) crep>KHEBBIMHU 3JIEMEHTAMH, UMEIOIIMMU 33JaHHBIE JKECTKOCTHBIE XapaKTEPUCTUKHU
pacTsDKEHUS-CKATHSL, U3rnda, KpyUYeHUs U CABUra, MHEPLMOHHbBIE (MACCOBBIEC) XapaKTEPUCTUKH U
Harpy3Ku;

2) cynepaneMeHTaMu ¢ MaTpULlaMU KECTKOCTH, Macc M Harpy3oK, ONpeAeIEHHbIMU U3
pacyeToB yHIOMSHYTHIX MOJCUCTEM METOJOM KOHEUHBIX 3J€MEHTOB 10 MPOCTPAHCTBEHHBIM 000-
JIOUYEYHBIM, TPEXMEPHBIM U KOMOUHUPOBAHHBIM CXEMaM.

4.5 TloBbllieHHAs] CTEPXKHEBAsI MOJATIUBOCTh KPUBOJIMHEHHBIX TPYO (‘“addext Kapma-
Ha”) aBTOMAaTHYECKH OMpPEAEIsAeTCS MO aCUMITOTHYECKON MeToauKke [6, 8] ¢ y4eToM BIUSHUSA
MPUCOEAUHEHHBIX MPSIMBIX TpyO, BHYTPEHHETO NaBJieHHs U ApYrux ¢axtopos. [Ipu sToM Kax-
JbIA THYTBIA WJIM CEKTOPHBINA OTBOJ 3aMeHseTCs 4-Ms NPSIMOJIMHEWHBIMH 3JIEMEHTAMU C IIpHUBe-
J€HHBIMU KECTKOCTHBIMH XapaKTEPUCTUKAMH.

[ToBbllIeHHAasT MOAATIMBOCTh CBAapPHBIX TPOMHUKOBBIX COCIWHEHUN OMPEAEISIETCA CO-
riacHo meroanke PTM 38.001-94 [3] u ASME [7], koo duiiueHTs! NoaTIMBOCTH (3KECTKOCTH)
BpE30K TPyO B 00OpYZOBaHHE SIBHO 33Jal0TCS MOJB30BATEIEM HAa OCHOBE M3BECTHBIX aHAJIOTOB
WIM TIPEIBAPUTEILHOTO TPEXMEPHOTO KOHEYHOZJIEMEHTHOTO aHaiu3a (PparMeHToB “HITyIEp-
oOeyaiika”.

4.6 IloronHas macca TUHAMHYECKON CYyMEep3JIeMEHTHON MOJeNnu (C y4eTOM MaccChl Tel-
JIOU30JISIUH U paboueil cpesibl) COCPeN0TaunBaETCs BO BCEX y3JIaX U B A€ CEUEHUN cynepase-
MEHTOB, BBHIOMPAEMBIX U3 YCIIOBHUS MPEICTABUTEIBHON alMpOKCUMAIMN HEOOXOAMMOIO YHCIia
¢opM coOCTBEHHBIX U (MJIM) BBIHYXKJIEHHBIX KosneOaHui Tpyoborposoaa. Kpome toro, cocpeno-
TOYEHHBIE MACChI PACIIONAralOTCsl B MECTaX YCTaHOBKHU (LIEHTPAaX MAcc) MacCCUBHOT'O 000pyI0Ba-
HUS ¥ apMaTyphbl, a TAKXKE B MECTaX ACHCTBUSA JUHAMUYECKUX KMHEMATHUYECKUX W CUJIOBBIX Ha-
TPY30K, BO30YXAAIOIINUX BUOpaAIUK (CpelHUE CEUYEHHUs OTBOJOB, KOCBIE CTBIKH, MEPEXOJHUKH,
TPONHHUKH U BPE3KH, OTIOPHI C HETIATPOPMEHHBIM KHHEMATUIECKUM BO30YKICHHEM U JIp. ).

4.7 CucteMa NeHCTBYIOIINUX U YUYUTHIBAEMbBIX HArpy30K M BO3ICHCTBHI Ha TPyOOIPOBO-
JIbl BKJIFOYAET:

— KBa3HCTaTU4YeCKOe paBHOMepHoe (B mpeaenax CD) BHyTpeHHEE WU BHEIIHEE JlaBje-
HUE p;
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— KBa3UCTATUYECKYI0 KYCOYHO-IIOCTOSIHHYIO IMOTOHHYIO BECOBYIO HArpy3ky ¢; (mpo-
OYKT-+TpyOa+u3051us U, BO3SMOXHO, CHETOBasl M TOJIOJIeIHAs) U OTOHHBIE HATPY3KH IO JABYM
TOPU30HTAIBLHBIM OCSIM ¢, ¢2 (BeTep, CTATUYECKHUI SKBUBAICHT HHEPIIMOHHOW HATPY3KH);

— KBa3UCTAaTUYECKUN KyCOYHO-TIOCTOSIHHBIM MOTOHHBIA TEMIIEPATYPHBIA MOMEHT, AC-
CTBYIOIIMI Ha TOPU30HTAIBHBIX yYacTKax TpyO ¢ HEpaBHOMEPHBIM HArpeBOM IO BHICOTE cede-
HUS (HalpuMep, YYacTKU CO CTPAaTU(ULUPOBAHHBIM TEYEHUEM );

— KBa3UCTAaTHMUYECKHUE COCPEIOTOUYCHHBIC B y371aX M CEYCHHSIX CHJIBI 1 MOMEHTHI (MMH
MOKHO MOJETUPOBATh CTATUYECKOE BIHSIHHE O00OpYJAOBaHUS, apMaTyphl, OMOP, OTOPOIIEHHBIX
BETBEH TpyOOIIpoBOIa U IP.).

— KBa3WCTAllMOHAPHBIN TIEperaj CpeIHel TeMIiepaTypbl CTEHKH TPyOOIpoBoaa MpH Tie-
pexoze u3 “XOJIOHOTO” COCTOSIHMS B “pabodee”;

— 3aJlaHHBIC BBIHY KJICHHBIC JIMHEWHBIE U YTIIOBBIE TIEPEMEIIECHHS 3alIeMIICHHBIX KOHIIOB
(Y370B) U cedyeHHid (KaK MPaBUJIO, TAK UMUTHUPYIOTCSI TEMIIEPATyPHBIE IMePEMEIEHHUS PUCOE U~
HEHHOTO 00O0pY/IOBaHUS, KECTKUX KOJUIEKTOPOB M APYTUX CHUCTEM, HE BKIIIOUYEHHBIX B pacyeT-
HYIO MOJIEJIb), @ TAKXKE€ MPOMEKYTOUHBIX OMOP U TOUEK MOJIBECOK MPYHKUH U KECTKUX THT;

— MOHTa)KHas pacTsKKa B 3aJJaHHBIX CEUCHUSX;

— celicMuYecKue BO3JCHCTBUS, 3a/1aBa€MbIe B BHJIE JTMO0 TPEXKOMIIOHEHTHBIX CIIEKTPOB
YCKOpPEHUH, MO0 TPEXKOMIOHEHTHBIX aKCeJIeporpamMM Jjisi OTMETOK KperuieHusl TpyOoorpoBoaa
(“rmatdopmenHas” cxema Bo36yxaenus) — ACTPA-CEUCM;

— BO30YXJa0IIMe YCTAaHOBHBIIMECS BUOpAIMU — TMOJUTAPMOHHYECKHE CHIIOBBIE Ha-
Tpy3KH, 3aJ]aBacMble B IPOU3BOJIBHBIX CEUCHUSX B BUAEC HAOOpa aMIUIUTY1 (CHJI WM JIaBIICHUS),
yacToT u casura a3 Bo3aeiicteuii — ACTPA-BUBP;

— BO30yXJalmue NTMHAMUYECKHe HATPY3KHU JJIS MPOU3BOJBHBIX ceueHul — ACT-
PA-JIUH.

4.8 PacueTHas mpOCTPaHCTBEHHAs] CTEP>KHEBAsI MOJENb CTPOUTCS UCXOHSl M3 YCIOBHUSA
IPEJICTaBUTENILHON aNlpOKCUMAIMU peabHOM reomerpuu, Harpy3ok u HJIC tpyOomnpoBogHoit
CUCTEMBI, 10 BO3MOKHOCTH, MUHUMHU3AIIMH YUCIIAa y3JI0B, CYIEpPAIEMEHTOB, 3JIEMEHTOB U ceue-
HUU IIPUBEJECHUS MaccC.

PacueTHble cedeHUs CynepaeMEeHTOB IOJDKHBI OTCIEKHUBATh €r0 MPOCTPAHCTBEHHYIO
KOH(QUTYpanuio (Ha4aJlbHbIE U KOHEYHBIE CCUCHUS] KPUBOJIMHEHHBIX 2JIEMEHTOB, CEUCHUS Tepe-
ruOOB), U3MEHEHUS T€OMETPUUYCCKUX XapaKTEPUCTUK CEUEHUS (TMaMeTpOB, TOJIIINH, TPHOaBOK),
(U3UKO-MEXaHUYECKUX CBOWCTB W MapaMeTPOB PaCHpEEICHHBIX Harpy3oK (NOTOHHAs Macca,
TEeMIepaTypa, AaBJI€HUE), ObITH MPUYPOUECHBI K MECTaM MPHJIOKEHUS CBsA3eH (IpyKUHHBIE MO-
BECKH M PACTSIKKH, OMOPHI CKOJIBKEHUS, HAITPABIISAIOIINE U KaTKOBBIE OIMOPHI, CEHCMO- U BUOPO-
OTOPBI) M COCPEIOTOYCHHBIX HArpy30K, K CEUEHHSIM, JJISi KOTOPBIX BBIMNOJHAETCS MOHTa)KHAs
pacTshKKa W/WIK 3aJJaHbl BEIHYKICHHBIC TIEPEMEIICHHUS.

4.9 BriOop ceueHuli MPUBEICHUS MacC JJIsl CyHEepIJIEMEHTHON Moienu (TOMUMO “‘00s-
3aTeNIbHBIX — Y3JIOB MOJEIN U CEUCHHUM JEUCTBUS TUHAMUYECKHX HArpy30K) OMpENENsieTCs U3
MPUOJIMIKEHHOTO aHalM3a “‘NapIiHabHBIX COOCTBEHHBIX YaCTOT BETBEH TPyOONPOBOIHON CHC-
TEMBI: KOJTMYECTBO TAKUX CEYCHHI B i-M CYIMIEPIIEMEHTE JTOKHO OBITH PABHO

31
2.

.

m=1 Wy,

I 3 1

2D

k=1 m=1 Wy,

n, :( —3N)

1

rae:

L, — MaKCUMaJIbHO JIOIYCTUMOE YHCIIO JMHAMHUYECKUX cTerieHei cB00o 151 COM (B maHHO# Bep-
cuu, L, = 60000),

N — obmree gncio y3no COM,

I — 4uciio cynepaieMeHTOB,

@ im — npHUOIKEeHHAs HU3IIAas COOCTBEHHAs YACTOTA i-TO CyMepaIeMeHTa NP MPEUMYIIIECTBEH-
HOM TIepeMelleHnH 1o ocu X, (m=1,2,3), koTopas onpenensiercs Kak:
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Omnncanue pacyeTHBIX CXE€M U TEOMETPHIECKHX MOeneit

lim — “mipuBeneHHas’ U3rUOHAS AJTUHA CyNEepIJIeMEHTa,

m — TIOTOHHAs Macca TpyOBHl,
M), — cocpenoToueHHas Macca.

Ecnu n; << 1, To Mmacca He pa3Melaercs Ha JaHHOM cyniepaieMente. Eciu n; €(0,5; 1),
TO BBOJUTCS OJTHO CEYCHHE C MAcCOM (3a CUeT CyNepaIeMeHTOB, rae n; >> 1).

4.10 B mnoacucreMe yTOYHEHHOro pacyeTa jeraneit Tpyo6ompoBogoB (ACTPA-
CTAIMO) peanu3oBaHa aBTOMaTUYeCKasl T€HEpalMsl ONTUMANIbHBIX 110 TOYHOCTU MPOCTPAHCT-
BEHHO-000JI0YEYHBIX (ISl TOHKO- U “‘CPEAHECTCHHBIX 3JIEMEHTOB, KPHBOJIMHCHHbBIE 6-U U 8-U
y3noBbeie KD nepemMeHHoi ToNIuHEI cynepnapameTpudeckoro cemerictBa, CITIKD) n o0beMHBIX
(1S cpeiHe- M TOJICTOCTEHHBIX Aetaneit, 12-u, 15-u, 16-u u 20-u y3nossie KO uzomnapamerpu-
yeckoro cemeiictsa, MIIKD, MHOrocaoiHbple cXeMbl IO TOJIIIMHE JETali) PaCU€THBIX KOHEUHO-

3JIEMEHTHBIX MoJiesel — cM. Tabimna 4.2.

Tabmuua 4.2

Jletansb (a1emenT, y3en)

Tuner KO3, Bung cetkn

Buns! pacuera

e C(CIIKD8, CIIKD6 (mepeceuenue
MITylepa U MarucTpaiy Mo BEPXHEH H
HW)KHEH MOBEPXHOCTH);

. . e C(IIKD8, CIIKD6 (mepeceueHue @)
Tpoiinux ceapHoli
C 3AUMIICHEBIM LIBOM WITyLepa W MArucTpainu o CpeauH-
HOM MOBEPXHOCTHU)
e UIIKD-16, UTIKD-12
e UIIKD-20, UTIKD-15 (1-4)
MHorocnoitHas cxema.
Tpoiinux ceapnou e UIIK316, UTIKD12
C 3a4MIIEHHBIM IIIBOM o UIIKD20, UTIKD15 (1-4)
Y IJIAKUPYIOLIUM CJIOEM MHorocnoitHas cxema.
. . e (IIKD8, CIIKD6 2)
Tpoiinux wmamnosaHHbwlil
U WmMamnoceapHou e UIIKDI16, UTTKD12
(¢ TAHYTO# TOPIOBUHOI) e MIIKD20, UTIKD15 (1-4)
MHorocnoitHas cxema.
Tpotinuk wmamno8aHHwll e UIIK316, UTIKD12
U WMamMnoceéapHol e MIIKD20, UTIKD15 (1-4)
C IJIAKUPYIOLIUM CIIOEM MHorocoitHas cxema.
e C(CIIKD8, CIIKD6 (mepeceuenue
ITyIlepa U MaruCTPaid Mo BEpXHEH U
Tpotinuk ceapnou HIDKHEH MTOBEPXHOCTH); 2)
C 3a4MIIECHHBIM IIBOM W Haknaakod |e CIIKD8, CIIKD6 (mepeceuyenue
MTyIepa W MarucTpaid IO CpeauH-
HOM MOBEPXHOCTHU)
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Jletansb (a7emMeHT, y3en)

Tuner KO3, Bung ceTkn

Buns! pacuera

e MUIIKDI16, UIIKD12

e UIIK320, UTIKD15 (1-4)
MHorocnoitHas cxema.
Tpoiinux ceapnou e UIIKDI16, UITKD12
C 3aUHIICHHBIM IIBOM, e UIIKD20, UTIKD15 (1-4)
HAaKJIaJKOW U IUTAKUPYIOLUM CJIOEM | MHOrocJIOMHAas cxeMa.
Tpotinux ceapnou e UIIKD16, UTIKD12
co mBoM (“TpeyronbHUK”) e UIIKD20, UTIKD15 (1-3)
“mrynep-MarucTpais”’ MHorocioiiHas cxema.
Tpoiinux ceapnou
C HaKJIQIKOHN U e MHIIKD16, UIIKD12
IIBAMH “IUTYyLEP-MarkuCTPalb- e UIIKD20, UTIKD15 (1-3)
Haknagka” v ‘“MarucTpaib- MpHorocioiHas cxema.
HaKJaaKa”
e CIIK3S8 (1-4)
Omeo0 2nympwiii (¢ IpUMBIKaOIMMKE | ¢ UTTKD16,
TpyOammu) e UIIKD20 (1-3)
MHorocnoitHas cxema.
Ome00 eHymulil C TUNIAKUPYIOIIUM o UIIKDI6,
ci0eM (C MPUMBIKAIOIUMHU TpyOa- e UIIKD20 (1-3)
MH) Muorocioiinas cxema.
e (CIIKD8 —mepeceueHue 1mo Bepx-
HEW Y HUKHEU MOBEPXHOCTHU 2)
. e (CIIKD8 —mnepeceueHue Mo cpe-
Ome00 cekmopHuiti (C TPUMBIKAIO- o
uMH TpyGamn) JUHHOMN OBEPXHOCTH
o MUIIKDI6,
o UIIKD20 (1-3)
MHorocnoitHas cxema.
Ome00 cekmopHbwlli o UIIKDI16,
C IUTAKUPYIOLINM CIIOEM e MIIKD20 (1-3)
(C MPUMBIKAIOIIIMMH TPYOaMHM ) MHorocoiiHas cxema.
e C(CIIKD8 —mepeceueHue mo Bepx-
HEW Y HUKHEU MOBEPXHOCTHU 2)
e (CIIKD8 —mnepeceueHue Mo cpe-
Kocoii ek JMHHOW IMOBEPXHOCTH
o MUIIKDI6,
o UIIKD20 (1-3)
MHorocnoitHas cxema.
Kocoii cmuix * MIK3I6,
e MUIIKD20 (1-3)
C IUTAKUPYIOIIUM CIIOEM o
MHorocnoiiHas cxema.
Kocoii cmuix e UIIKD20, UTIKD15 (1-3)
CO CBApHBIM LIBOM MHorocnoiiHas cxema.
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Jletanp (31€MeHT, y3en) Tunst KO, Bun cetku Bunel pacuera
Ipsamas mpyba e UIIKD20, UTIKD15 (1-3)
C KOJIBLICBBIM CBAapHBIM IIIBOM MHorocioiiHas cxema.

e (CIIKD8 — mepeceuenue 1o Bepx-
HEW W HUKHEW TOBEPXHOCTH

11, 0 2

pexo e C(CIIKD8 -mepeceuenue mno cpe- @
JMHHOW TMOBEPXHOCTH

Komnencamop e CIIKDY )

(crutb(pOHHBIN, TUH3OBBIN)

(1) — cranonapHast TUHEHasI 3a/1a4a TETJIONPOBOJHOCTH;

(2) — nunelino-ynpyruii pacuer HIC u npounocru;

(3) — xoMOUHMPOBaHHBIN pacueT (onpeaeneHre TeMIepaTypHOro MOJIsl U UCIIOJIb30BAHUE
€ro B KauecTBe TeMIlepaTypHoi Harpysku ais onpezaenenus HIC);

(4) — popMupoBaHUEe MaTPHI] )KECTKOCTH M Harpy30K ACTaIN (DJIEMEHTA).

CIIKD8 — 4eThlpexyroibHbIA B IJIaHE 8-y3JI0BOM O0O0JIOYEUHBIH KOHEYHBIM IJIEMEHT C
MIPOMEKYTOUYHBIMU y3JIaMU CyNeprapaMeTpuuecKoro ceMencTBa.

CIIKD6 — TpeyroapHbIi B TUTaHE 6-y3JIOBBI 000JOYEUHBIN KOHEUYHBIM AJIEMEHT C MpO-
MEXYTOUYHBIMH Y3JIaMH CyIleprapaMeTpUueCcKoro CeMeicTBa.

HIIKD16 — TpexmMepHBbIil, IECTUTPAHHBIA YETHIPEXYTOIbHBIN B «IUIaHE», TUHEUHBIA 1O
TosuHe 16-y310B0i KO ¢ npoMeXyTOUHBIMU y31aMH.

HIIKD20 — TpexMepHbIii, IeCTUTPAHHBIM YETHIPEXYTOIbHBIN B «IU1aHe», 20-TH y3710BOM
K3 ¢ mpomexxyTOUHBIMU y3TaMHU.

HIIKD12 — TpexMepHbId, NATUTPAHHBINA TPEYTOJbHBIN B «IUIaHE», TUHEUHBIA 1O TOJIIIH-
He 12-y3n0Boi KO ¢ npoMexyToUHbIMU y3JIaMHU.

UIIKD15 — TpexmepHblil, NATUTPAHHBIA TPEYTOJbHBIA B «IiaHe», 15-y3noBoil KO ¢
MIPOMEKYTOUHBIMU y3JIaMHU.

Cemeiicmeo npocmpancmeeHHblX 000104eUHbIX, NAACMUHYAmMbIX U Memopannvix K3
cynepnapamempuueckozo muna (CITKJ)

J7ig anmpoKCUMAaIUH MIacTU4a0-000I0YeUHbIX MOACUCTEM MaJIOl U CpeAHEH TOJIIHUHEI,
MOCTOSTHHOW WJIM TIepeMeHHO#, Hauboisee 3¢ dekTuBHb 00osmoueunbie KD cynepmnapamerpude-
ckoro tumna (CIIKD) (Tabnuisr).

[Tone nepememenwnii BHyTpr CIIKD 110 ocsim X, y, 7 —u, v, W COOTBETCTBEHHO, — OJTHO3HAYHO
OIIPE/IENSAETCS aHAJIOTUYHBIMU KOMIIOHEHTaMH Y3JIOBBIX IIEpeMELLeHu (u;, v, W;) U IBYMS yIIIaMH
noBopoTa (a4, ) y3710BOTO BeKTopa HOpMaiu = {3} OTHOCUTENBHO ABYX B3aUMHO MEPIICH/IN-
KYJSIPHBIX K HEMY HallpaBJiIeHUN y 'u x*

,U~ - {q}‘; N ’U,-\
: v,

W=Vl L =l
. a,‘

\WJ k{q}jvpLJ (/i )

rae marpuna Gopmsr [V] umeer Bun [N] = [[V]] ... [VnpeLl]-
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(10 01 05cn(7,). | —05ch(Py),

VI=N{ 0 101 o5cnl7), | -05cn(F),

00 1] 0,5;}:,.(171,-)z | _0’5;hi(l_/2i)z_

(V1;) — IpOeKIuU eAMHUYHOTO BEKTOPA, M0 HAMPABJICHUIO COBMAAAIONIETO C HA OCHU X, ), %5
(V2i) — 1o xe qnd y; & — xoopaunara no toimuue § € [-1,I] — Tonmumuaa CIIKD no i-oit HOp-
MaJH.

B 6ubnmorexy koMruiekca BkitoueHsl TpeyroiabHbie (A) CITKD mepBoro u BToporo nopsiika
(A3 u A6, 3, 6 — yucio y3noB), ueTbipéxyroabubie (1) CIIKD nepBoro, cMemanHoOro u BTOpOro
nopsiaka (14, [15. — [17 u [18) TounocTH.

Jlist Beraucienus ko3¢ huinneHToB MaTpuiibl [B'], cBsI3bIBatomIel y3I0BbIe IEPEMEIICHHS
{¢°} c xommoHeHnTamMu nedopmarius {£% B JOKAIBHOM CHCTEME KOOPAMHAT X} y; 2%

ar_|ou' ov' ou' ov' ow' oU' ow' oV’
{8}{ PR e el el i T ,},
ox' oy oy ox' ox' 07 oy 0z

MIpUMEHSIETCS TpoIe/lypa, ONucaHHas B [6].

Martpuna ynpyrux noctosiHubix [D'] nns oOmero ciyuas oprorponHoro CIIKI crpo-
UTCS Ha OCHOBe TpE€xMepHOro 3akoHa ['yka B mpeanosioxenuu o, = 0.

E} EZVIZ 0 0 0
I-viy 1-vip
L 0 0 0
1-vi7
[D]= G, 0 0
CUMM GK23 0
Gy
- K —

rne E;, E; — MOAynH yIpyrocTy B HalpaBJIEHUU OCell CUMMETpUU (OPTOTPOMNHUN), vz — K03 hu-
muent [lyaccona, Gy, Gz, G23, — mogynu casura, K = 1,2 — koadduuuent “Gpopmsr”’, yiayd-
HIAIOIIMK anmpoKCUMAIMIo cIBUrOBbIX Aedopmanuii no tonumHe CIIKJ. B uwactHOM ciydae
nzorponHoro Marepuana E, = E, = E; vi; = v; G = Gp3 = Gy =E/2(1+v). B ciiyuae, korna ocu
cummeTpun 1 U 2 He COBMAJAlOT ¢ JOKAJIbHBIMU OCAMHU X 5 y“Marpuua [D'] npeobpasyeTcs K BU-

ay:
[o] =[r]o]r]

rae i ]
cos’ B sin’ B -2sinBcosf 0 0
sin’ B cos’B  2sinfBcosf 0 0
[7]= sin’ Bcos’ B -sinfcosf  cos’ B - sin’ B 0 0
0 0 0 cosfp sinf
i 0 0 0 -sinf3  cosf |

P — yroa Mexnmy ocbio 1 ux”.
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Jljis BecbMa TOHKOCTEHHBIX TUIACTUH U 000JI0YEK C LEJIbI0 YIIydIlIeHUs! 00yCIOBIEHHOCTH
MaTpHIbI )KECTKOCTU [K’] TPOBOIUTCS KOPPEKIIUS CABUTOBBIX KO PuImeHToB MaTpuilsl [D']::

vy _ oGz, sy _Gos
Dy=p —5 Dss= s

K K

KOPPEKTUPYIOLINI MHOXKUTENb f* npuHumMaeTcs paBHbiM [12], [13]:
B’ =minlL,(20mL) }

rae h, L — xapakrtepHble (cpeqnue no KO) Tommuuna u pasmep B riane CITIKD.
Bexkrop {g} B hopmysie Ay BECOBOI Harpy3Ku ONpenesseTcs Kak:

[ cos( g, x))

{g}=g1 cos(g, y )},

cosg, 7 )

\ J

I7ie € YCKOPEHUE CUIIBI TSDKECTH, a €0S(g,X) — KOCUHYCHI YTJIOB MEX]ly HAalpPaBICHUSIMH JEHCT-
BUSI BECa U OCAMHU X, ), T

BekTop TemrepaTypHbIX (Ha4albHBIX) nedopmanuii {gg hopMupyercs B CIeIyIOIeM
BUJIE!

{80 }T = [alg’ azey 0’ 0’ 0]:

rae a, & —Kod(hGUIMEHTHI TEMIIEpaTypPHOTO PACIIMPEHHs MaTepualia B HallpaBJIEHUU OCEil Op-
toTpornuu 1 u 2,

0=(0"+0")/2+¢6"-67)/2

— TeMIieparypa, JMHEHHO pacIpeesieHHas Mo ToamuHe. /s u30TponHoro matepuana g, = Q-
a B o0m1em citydae oprorponHoro matepuaina {&g = [T] {&€g}.

Koaddurmumenter marpun CITKD Beruucnsrorcs o ¢popmynam(3.3) ¢ UCIONb30BaHUEM
kBagpatyp ['aycca B kpuBonuHenHbIX koopaunatax (& n, § e [-1,1] ms [, Ly Ly, Lz € [0,1] n
s A):

[k]=j2:IWj ([k(é:j’ ;- ;1)]+[k(§j’ 771'"41)])

rae j = 1,2,.....,J Touku unterpuposanus, &, 7; (L, Ly, L3) — KpuBOJIMHEHHBIE KOOPJUHATHI TO-
4yeK MHTerpupoBaHusi, W; — BecoBble ko duimentsl, &7 = 0,5773503 (cm.3.4).

Ycranosneno uro mis CITKD HaumydmmM siBIsIETCS paBHOMEPHOE U yMepeHHoe (Ha 1+2
€MHUILIBI) TIOHM)KEHUE TOYHOCTH KBAApaTyp IpH BbIYMCIEHUU MaTpull (3.3) 10 CpaBHEHHUIO CO
CXEeMOH, KoTopasi obecreyrBaeT TOYHOE BBIYUCIIEHHE 0O0beMa (IIOL[aJAu MOBEPXHOCTH) U BOC-
IIPOM3BOJUT B OCHOBHOM XapaKTep U3MEHEHHs IOJBIHTErpajbHbIX MaTpHULl B 3nemeHTte. Mexons
W3 MOJIOKEHUs, MOPSAOK MHTErPUPOBAHUS I MaTpuibl {p}° pekomenmyercs Oparh Ha 1+2
€IMHUIIBI OO0JIbIIIE, YeM IS IPYTHX MaTpPHIL.

C uenbro PKOHOMUU MAIIMHHOIO BPEMEHHM M MaMATH MPH BBIYUCIEHUSAX YUYUTHIBAETCS
CUMMETPUYHOCTE Matpull [k]¢ He3aBucuMocCTh Kodbduuuenta Matpull [N], [B] u ap. ot xoop-
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IHATHL & .

Cemeiicmeo mpexmepuwix uzonapamempuueckux K3 (HIIK3) meépooco mena

Tpexmepubie nzonapamerpuueckue K9 (MITKJ) cnemyeT ucnonb30BaTh JUIIL TaM, T
ajziekBaTHas anmnpokcumanus ¢parmenToB ¢ nmomoinpio CITKD HeBo3MOXHAa — B MACCHBHBIX Y3-
JaX, TOJICTOCTEHHBIX MHOTOCJIOWHBIX MOACHCTEMAX, 30HaX MepPECceueHus: TOJICTOCTEHHBIX 000J10-
YeK U T.J. (CM. TaOJIHIIbI).

B kxauecTBe 0a30BBIX HCIIOJB3YIOTCA:

1) UIIK?J, spustomuecs ananoramu cootBetcTByromux CIIKD ¢ tem otinunem, 4To
y3JIbl PACIIOJIOKEHBI MOMAPHO Ha “HWKHEW W “BepXxHeu’ moBepxHOCTAX (ux yucio NPL =
2*NPL), a 4iCIIO CTETIEHEeW CBOOOJIbI B KaXKJIOM U3 HUX paBHO 3 (u;, v, w; 10 X, Y. Z). lIpu aTOM
reHepupyeTcsi 10cTaTo4Ho 3KoHOMUYHble KOM, noanaromieiicss pacyety Ha JOCTYIHBIX COBpe-
meHHbIX IBM, ucnons3yror UKD — npu He0OOXOAMMOCTH MOXET OBITh pean30BaHa SKBUBA-
JICHTHAs 110 TOYHOCTH cxeMma ¢ HeckoibkuMu cinosimu MITKI B aTom HampaBieHuu.

2) UIIKD c npomexxyTouHbIMU y31amu — 20-y3n0Bble mecturpaniuku MITKD20 (M-
Thle KUpIU4u), 15-y3moBeie TpeyrosnbHble npusmbl MIIKD15 (Mareie nsrturpanauku) u 10-
y310Bble ueTblpexrpanHuku MITIKD10 (msaTeie TeTpasapsl)

[Tpu yuére Bcex KOMIOHEHT HampspKeHui u nedopmanuii marpuna [B'] ompenensiercs
TaK)Ke JUIsl JIOKaJIbHOW CHCTEMBbl KOOPAMHAT X Y% Z,4TO MPU U3BECTHOM YJIOPOKaHUU MPOLIETY-
PBI TIO3BOJISIET TOJTY4aTh HANpPsDKEHUS B Oojiee MHPOPMATHUBHOM, IO CPAaBHEHMIO C II100abHOH,
cucreMe koopaunat. Marpuna [D'] st NCOM = 6 umeet cnenyromuii Buf [6]:

] 0
1|
0 diag(G,)
- -1
1 v s
G 0 0 E, E, E,
1 v
dlag(Gt): 0 G 0 ) D' i = I _i
' " [ ]J E, E,
0 0 G 1
CUMM. —
L E -

B cnydae necoBmanenust oceii cuMMeTpuu 1 u 2 ¢ JIOKaJIbHBIMU OCsiMU X', Y. (TIpeamnoa-
raeTcsl, 9TO OCh 3 COBMAJAET C Z ) MaTpuIa [D'] npeobpasyercs K BUAY:

o] =[r][p][r]"

rIe

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 54




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

coszﬂ sinzﬂ 0 -ZSinﬂCOSﬂ 0 0
sin 8 cosfp 0 2sinfcospf 0 0
0 0 1 0 0 0
[r]=
sinfBcosfB sinficosf 0 cos B-sin’ B 0 0
0 0 0 0 cosf sinf
| 0 0 0 0 -sinf cosp|

BeKTOp TEMIIEPATYPHBIX I[e(bopMaHI/Iﬁ (bOpMI/IpyeTCH B BHUJIC:
{gé }: [T][a10: 0!20, 0!30,0,0,0].

Y UIIKD HexenatenpHO MOHMWKEHUE KBAJIPaTyp MO CPaBHEHHUIO C 00ECIICUYHBAIOIIMMHI
TOYHOE BBIYUCIICHHE 00BEMOB /71 00BEMHBIX MHTETPAJIOB M TUIOIIAAEH 711 TOBEPXHOCTHBIX MH-
terpaios [2, 3, 13].
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ACTPA-ADC’2009. Bepudukarmonnsiii otaet. Tom 1

“bundanoTexka” KOHEYHbIX 3JIeMeHTOB nporpaMmMHoro moayiss ACTPA-CTAAUO. HIIK316 (mennonposoonocms)

Omnncanue pacyeTHBIX CXeM U TEOMETPHIECKHX Mofeneit

Kon Crenenn 1 p
rue €3yJbTaThI
16841 AnnpokcuMupyembie H3o6paskenne CBOGOIBI Harpy3ku Py i
. ¢parmentrl K9M, HJIC daxTopb1 pacuéra
(““TenJIoNnpoBOAHBIN") n y3nax {q }°
KpuBonmHeinbIii 16-u | TomcTocTeHHBIE M MaCCHB- ?; 1. Torox  uepes ®;

Y3JI0BOM YETBIPEX-
yTOJIbHBIN (B IJIaHE) Iie-
pPEMEHHOU TOJILIMHBI
MAaCCUBHBIM TpPEXMEPHBIN
M30M1apaMeTPUUYECKOTO
CEeMENCTBa

HIIKD (8,

HIIKJ16

Hble TpEXMepHble (par-
MEHTBl C MPOU3BOJBHBIM
rpajiueHToOM Mo (Temie-
patypbl, JaBJIEHUS U T.I1.).

3aJaHHbIe  IIOB-TH
KO (ycmoBus 1I
poxa).

2. Kompexuus c
TEIUIOBBIICIICHUEM
(ycnosus 111 pona).

(2
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ACTPA-ADC’2009. Bepudukarmonnsiii otaet. Tom 1

Omnncanue pacyeTHBIX CXeM U TEOMETPHIECKHX Mofeneit

“budauorexka” KOHeYHbIX 3jIeMeHTOB nporpamMmuoro moayiass ACTPA-CTAIUO. CITK98

Kon Crenenu I P
pyrue €3yJIbTAThI
8845 AnnpokcumMmupyembie H300pakenne CBOGOIBI Harpy3sku .
¢parmentsr KOM, HIC . dakTopn pacuera
n ysJjiax {q}
KpuBonuneinbrit 8-u | IIpom3BoNbHBIE M30TPOIHBIC TOH- 1.CranpaprHas 1.BecoBast (MHEpLIIOHHAS) 1. }Kecgclfl&;cralam MI?QMMB 1.
y3€IbHbII YeTBIpEX- | KO-, CpPEAHE- U TOJICTOCTCHHbIC u,v, w B 33/IaHHOM HAIABICHUH. | ) > oMd 1 ynamu ar
yTOJNIBHBIE B IDIaHE Hepe- | IUIMTHBIE M 000J04YedHble (IBOH- 2.HopmainbHoe naBiieHue (noaviem. sajanie). 1
N N " pr 2. VYnopyrue, WIapHUpHBIE U | 2
MEHHOH TONIIMHBI IUIMTHO- | HOM KpuBU3HBI) (parMeHTH 06€3 o, B (C=const). :
o CKOJIB3SIIIME CBsA3U  (IIODJIEM. 1
obosoueyHblii  (rumoressl | orpannuenust Ha rpaxuent HJIC. 3.IIpou3BoOJILHO  OpUECHTH- saammC) Nx
. HHE).
TumomeHko) cynep- | Pexomennyercs kak 0a30BbIH UL 2.ANBTEpHAT. pOBaHHOE JaBJCHHE B 00- A
NapaMeTPUYECKOTO  CEMEH- | BHYTPEHHHUX 30H. [ el WM MECTHOH cucreme Ny
cTBa Y Ha 3aJaHHBIE TIOBEPXHOCTHU
g U JIMHAA Nxy
CIIKD (18, ’ ) .
4.Ilpon3sBonbHas 00bEMHAS Q
CIIKD 8 Harpy3ka (B T.4. IIEHTpO- e_ X
3.I'noGanbHas py s p {N}¢=
o OexHast). Q
u y
5.IIpousBosbHas — Temime-
1,2,3 (-1,0,1-m1s1  naBieHHs )-TIOBEPXHOCTH v paTypHas Harpyska. M,
¢=-1,0,1 6.3amaHHble  “HayaibHbIE”
10,20,30,40-topueBbie Tpanu n=1, &=-1, ) w | HAIIPSDKEHHSL. My
n=-1,&=1 a
11,12,13,... 41, 42,43-pébpa Ha mepeceue- My
Huu C=const 4 u&, n=const B 3.
L7 ox-
+
4 MectHas Oy~
u')
€ = +_
vl {G} 9 ’ny
w' ng
a' 0
Tyzl
ﬂl
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ACTPA-ADC’2009. Bepudukarmonnsiii otaet. Tom 1

Omnncanue pacyeTHBIX CXeM U TEOMETPHIECKHX Mofeneit

“budauorexka” KOHeYHbIX 3j1eMeHTOB nporpaMmMuoro moayiass ACTPA-CTAIUO. CITK96

Kon
6635

ArnmnpokcumMupyemMble
dparmentsr KOM, HIC

HN3o0pakenne

Crenenn

CB000ObI
n y3aax {q }*

Harpy3ku

Apyrue
(daxTopnl

PesyabTatsl
pacuéra

KpuBonuuelHbIii 6-u1 y3emnb-
HBI TpPEYroJbHBIH B IUIaHE

ITpom3BoIEHBIE H30TPOIHBIE TOHKO-,
CpelHe- W TOJICTOCTCHHBIC IIUTHBIC

1.CtannapTtHast

1.BecoBast (MHEpIMOHHAS)
B 33[1aHHOM HAaIpPaBJICHUH.

1. XK&ctkue BCTaBKU MEXIY
yznamu HUIIKD u y3namu

e
. ) wv,w KDOM (nosnem. 3aaHue). {q}
MIEPEeMEHHON TONIIMHBI IUTHT- | ¥ 000J0YeUHbIe (QparMeHThI; PEKO- 2.HopmanbHoe napieHme P
o " g 2. VYmpyrue, IapHUpHBIC M :
HO-000JIOYCYHBI  (THIIOTE3bI | MEHIyeTCs JUIS 30H CrylneHus (pas- a',p (E=const).
CKOJIB3SIIIME CBS3M (T1O3JIEM. Ny
THMOIIIEHKO) cymeprapaMer- | psOKCHHS) CETKU 4-X yroybHbIXx KD, 3.IIpou3BOIBHO OpPUEHTH- sanamHe)
Z HHE).
pHUecKoro cemeiicTBa B BepIIMHAX (TI0JII0CaX) 000I0YeK U 2.AJbTepHaT. POBaHHOE JaBJICHUEC B A N
CIIKD A6 IUTAT BPAIICHUS M TPCLIMH, HEPEry- o01Iell Wik MECTHOM CHC- Y
CIIKD6 JISIPHBIX [IPUTPAHUYHBIX 30HAX. wvw TeMe Ha 3aJaHHble II0- N
7 BEPXHOCTH 1 JINHUH. i
Ba 4 IlpousBonbHas  00BEM- 0
Has Harpys3ka (B T.4. LEH- N }e .y X
3.I'nobabHbIe TPOOEIKHAS). 0
o) 5.IIpousBoinpHas TemIepa- ¥
TypHasi Harpy3Ka.
v 6.3aganHble ‘‘HaYaNIbHEIC” M«
HANpPsHKCHUS
w P M,
a
(M xy
B 3.
4 3
+
Ve Ox
+
4. MectHas oy
e _
u' { o } YTy s
v’ R
, Txz
w
’ o
a Tyzl
ﬂl
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ACTPA-ADC’2009. Bepudukarmonnsiii otaet. Tom 1

Omnncanue pacyeTHBIX CXeM U TEOMETPHIECKHX Mofeneit

“bndanorexka” KOHEYHbIX 3JIeMeHTOB nporpaMmMHoro moayJiss ACTPA-CTAANO. HTIK316

Crenenn 1 p
pyrue €3yJIbTaThI
Koz ANNpoKcHMHUpYeMble H300paskenne CBOGO/IDI Harpysku .
16846 ¢parmentsr KM, HJIC . (hakropni pacuéra
nysjaax {q}

KpuBonuneiinslit 16-u | M30TpomnHBIE TOJCTOCTEHHBIE U 1.CranpaptHas 1.BecoBas (mHepiMoHHas1) B 1'3 zKeCTKIP/II%I]zCaTaBKH l\ie)::ﬂy 1.

. - N y3IaMu U y3mamu
3€NIbHBIH YeThIpEX- | MacCHBHbIE TpEXMEpHbIE (par- 3a/]aHHOM HarpaBJICHUN. u, v, w
Y . p pexmep $pa (rnobanbHbre) P KDM (nossem. 3aj1anue). fu, v, w}
YroJbHBIN (B TUIaHE) Te- | MEHTHI AeOpMHPYEeMOro TBEp- 2.Hopmansroe JTaBJICHUE

i u 2. Vopyrue, LIapHUpHbIE H
pPEMEHHOH TONIIMHBI Mac- | JOTO Tela C MpPOU3BOIBHBIM (E=const).

o o CKOIB3SIIINE CBA3H (II0DJIEM. v
CUBHBII TpExMepHblil u3o- | rpaguentom HIC. v 3. TIpou3BOIBHO OpUEHTH- saamme) fu,v,w'}
IapaMeTpHIECcKOro ce- POBaHHOE JaBJICHUE B 00mIei e '

MEHCTBa, w WIA MECTHOM CHCTEME Ha 2.
HIIKD U8 33[aHHbIE ITIOBEPXHOCTU H
MIIKD 16 2. MecTHas JTUHUH, Nx'sNysNxy
u' 4 IlponsBonpHas 00BEMHAs 0..0
- X2y
iy Harpyska (B T.4. LIEHTPOOEX
Has).
) My s M y’;M 7z
w S5.IIpousBonbHas  Temmepa-
TypHasi Harpys3Ka.
3.
6.3amaHHBle  “HAavaNbHBIC” S
HaIpsHKEHUs Oy
X-TOYKU MHTETPUPOBAHUS U BBIXOJIA N
HanpspKeHUH (10 yMOTYaHHUIO). oy
+
oy
< ™
+
Tty
+
fxlzv
+
T y:zv
4.2) u 3) B 00-

el cucreme
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ACTPA-ADC’2009. Bepudukarmonnsiii otaet. Tom 1

Omnncanue pacyeTHBIX CXeM U TEOMETPHIECKHX Mofeneit

“budanoTexka” KOHEYHBbIX 2JIeMeHTOB nmporpaMmMHoro moayJiss ACTPA-CTA/IUO. HIIK312

Kon AnnpokcumMupyembie Crenenu
12635,12636 dparventsr KM, HJIC Msobpaskene eboGomst Harpysin Apyrue Pesyapratst
(axTopbI pacuéra
n yanax fg J*
KpuBonuueitnpiii  12-u | U30TpomHble  TONCTO- 1.Cranmapr. | 1.Becopas (umep- | |- 7KECTKHE BCTaBKH | |
Y3JI0BOW TPEYTOJbHBIA | CTEHHBIE W MAaCCHB- (robabH.) IMOHHas) B 3a- | MOKAY Y3J1311ZI§MHHK9 {fu,v,wj
(B TIAHE) TIEPEMEHHON | HbIE TpEXMEPHEBIE " JaHHOM Hampap- | 1 Y37TaMH (mo-
TOJIIMHEI TPEXMEPHBIH | (parmenTsl  medop- ) JICHUH. DJIEM. 33/IaHKe). {u',v\w'}
M30MapPaMETPHUECKOTO | MUPYEMOTO TBEPAOTO 2.HopmansHoe 2. Ynpyrue, mapHup-
cemeiicTBa TeNla C MPOU3BOIBHBIM ¥ JNABJIEHNE HBIC M CKOJB3ALINE |
WK A6 IpaTHEHTOM HJIC; (C=const). cBs3u (TTORJIEM. 3aj1a- Nats Ny Ny
HIIKI12 pEeKOMeHyeTcst  Juls 2.Mectrbie | 3. [IpomspombHO HHC).
30H cryuieHust (pas- u' OpHeHTH- 0.0y
pSOKEHHS) CEeTKH 4-X . N V' pOBaHHOE JaBiie- My s My>Mz
yroisHbix UIIKD, B 9,10 i HHEe B OOmIel min
BepIIMHAX (ITOJIFOCAX) MECTHOM CHCTEME 3.
TeJI BpalleHUsA U Tpe- .8 0 Ha 3aJIaHHBIE II10- a;r‘
IMH, HEPEryISPHBIX BEPXHOCTH U JIU-
[PUTPAHUYHBIX 30H. HUM. oy
4.IIpoun3BosibHAS .
00bEMHAsI Harpys- oy
ka (B T.4. LIEHTPO- .
OexHast). ey
5.IIpousBosbHas e
TEMIIEpaTypHast
Harpyska. Ty

13

6.3amanHple  “‘Ha-
qajpHble” Hamps-
JKEHUS.

4.2) u 3) B obuweit

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

Toounuku ceanHvie Tnoiinuku ¢ naknaoxkamu Tnounuku wumamnogauunie

ITenexoont
.. Komnoucamaonn

e -
s

Omenonlr 2nvmnie Omeoonl cekmonmnlie Kocvie cmouiku

Puc.4.1. Ilporpammusiit Moayis (noacucrema) ACTPA-CTAINO.
OcHoBHble THIIBI AeTajnel (anemenToB) TC
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 OnucaHne pacueTHBIX CXEM U TeOMETPUIECKUX MOJeTIeH

Obonoueunasn mooenw Tpexmepuas mooens

Puc. 4.2 ACTPA-CTAIMO. KoHeuHO03JIeMEHTHBIE MOJIETIN OPTOTOHAIBHBIX paIHAIbHBIX
TPOMHMKOBBIX COEAMHEHH. a) CBAPHOM € 3aUMIICHHBIM [IBOM; 0) CBApHON C HAKJIAIKOM;
B) IITAMIIOBAaHHBIN C TAHYTON TOPJIOBUHOM.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 OnucaHne pacueTHBIX CXEM U TeOMETPUIECKUX MOJeTIeH

lstoonsuuy (HacknaS 1001
Haspumansus parwopee uz ACTPA-HUBA (Fnan 3)
Hameim f wsguepe um naccuocmn wperig | A-C)

o

BrBUBAASHIHDS HAnpAweHue SeKE (BEDHHAT U HUKHAR NOBESPEHOCIU) e

Hazpysawnue gaxnops us ACTPA-HOBA (oman 3)

Homeun & wngueps us niockocnu npoumura (A-C) e
112.8

1026
92
az
72
62.

@

e

@
Y
o oo e

41

31,
21.
11,
1.416

!

«

NpuBegenrsie Hanpsxswus. [pynna 4 M=
211
193
176
159
141
124
107
89
72
55
EH
20
3.155

WMomow oo owow

I
@

o

=
gt

«
=

Puc. 4.3 ACTPA-CTAIUNO. lepopmupoBanHoe (a) u HanpspKeHHOE (0) COCTOSHUS TIPU 33]1aH-
HBIX COYETAHUSIX HArpy30K, pacueTHas rpyIina HanpspKeHul (B, aTan 3, rpyma (Gur)k)
TPOWHUKOBOTO COEMHECHHUS
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 OnucaHne pacueTHBIX CXEM U TeOMETPUIECKUX MOJeTIeH

Ome00, 2ub, KoeHo (¢ INTUNMUYHOCINBIO U PA3HOCMEHHOCHbIO)

. Tl cannmon Wanpavewon (Tpecea) Sand (Aepaices 4 Wusas noAegEMOCE: )
i THaspursmnue SpaHHG SaRAH
=

CexmopHuiti omeoo

Ompopmasers |Bacesal § OFILD

BN e RN BRI
annfamgen sonwws By & sacceocks oefops (DD

arZOa & TE mE
CE B B

& it ———

— o

.

Begogsanes | Bacunsl B BAEL|
[T =

Kocoii cmuix

Dau "o

Puc. 4.4 ACTPA-CTAJIMO. KoHeduHO3IeMEHTHBIC 000JI09CYHBIE MOJICIIH,
pacdeTHbIC HAMPSHKCHUS U OIICHKH MPOYHOCTH JeTallel TpyOOonpoBOI0B
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 OnucaHne pacueTHBIX CXEM U TeOMETPUIECKUX MOJeTIeH

Jlun3086vlii U CUNLGHOHHBIIL KOMNEHCAOD

A. Tpymna 4.

Ilepexo0 KoHuuecKkull KOHYeHmpuuecKull

Puc. 4.5 ACTPA-CTAJIMO. KoHeuHO31€MEHTHBIE 000JI0YCUHBIC MOJICIIH,
pacyeTHBIC HANPSDKEHUS U OIIEHKH MPOYHOCTH JeTaJIe TpyOOIIpOBOIOB
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1

srrerus (Tpecka) Sokb
i uz ACTP4-CEMCH

so4 ML), drcetsposparna. Touka N22 (2.1 cex)
1 Hlla)

1 (0 =2pag)

Spuy umyuspa (C-C) (—5.468 xH)

Spuy Masucmpatu [C-C) (—4.653 xH)

# B M3ZUCMpAAL B NASCKOCMU MpouHuxs (C—G
# B Umyyspe B nADCKOCTU mpouduxa (C-3)
U3 nASCKOCMU mpousuxa (A-C) (31.045 xH
# B M3ZUCMPAAL U3 NAOCKOCHU MPOUHUKA (A
3 umyusps (A-A) (46.639 xHxn)
3 mazucmpasu (A-A) [—3.9245 kHew)

wpaxerue (Tpecka) Sene

opb uz ACTPA-CEHCH

j201 M1). Akceaspozpamsa. Touka N25 (2.4 cew)

10 MIa)

Sy (0 zpag)

1opuy umyyspas (C-C) (4.897 kH)

1opuy Mazucmpaau (C-C) (4.3135 xH)

i B MAZUCTPAU B NADCKOCMU Mpoumuka (C-C) (41189 xHeu)
i B unyueps B naockocmu mpoumuka (C—3) (2041 xHen)

> us naockocmu mpounuxa (A-C) (—38.928 xH*n)

i B Mazucmpaau us naockoomu mpodxuka (A-C) (1339 kHen)
& umguepe (A-3) (—67.98 xH#n)

e mazucmpasau (A-4) (5. 167 wxHen)

Omnncanue pacyeTHBIX CXE€M U TEOMETPHIECKHX MOeneit

t=2,10 c (mar 22)

t=2,40 c (mar 25)

Puc. 4.6 ACTPA-CTAAMO. Kanps! Buneoponuka auaamuku HJIC tpoiinuka
OT CEHCMUYECKOTr0 BO3JIEHCTBUS, 3aJaHHOT0 aKCeleporpaMmMon
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 O00cHOBaHUE PACUETHON METOAUKH

5. O6ocHoBaHUE pacuyeTHOH MEeTOAMKHN

5.1 Meronuka, peanuzoBaHHas 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 CEUEHUSX CYyNEepITEMEHTOB (y4acTKOB), HO U B
y3J71aX COEIMHEHUS CYIIEPIJIEMEHTOB;

3) y4yeTa NOBBILIEHHON 000J0YEYHOH MMOAATIMBOCTH TPOMHUKOBBIX COEIMHEHUN U Bpe-
30K TpyOOMpOBOIOB B 000PYI0BaHHUE;

4) ydera CTEpHEBBIX 3JIEMEHTOB IPOMU3BOJIBHOTO (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 TpyOOTIPOBOJOB 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 TeMIIEPaTypHOro U HAINPSKEHHO-AE(POPMUPOBAHHOTO COCTOSIHUM
netaneir TpyoornpoBoaoB (ACTPA-CTAIMO) ocHOBaH Ha MPOCTPAHCTBEHHO-O00OJOYEUHBIX U
TPEXMEPHBIX CXeMaX “‘TpPaJULIMOHHOTO0” METOJla KOHEUHBIX 3JIEMEHTOB B IEPEMEUICHHUSIX B
MPENONI0KEHNUN YIIPYToi paboThl MaTepuasa U MajJocTu AeopMaluii-nepeMenieHui.

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 TPEHUS U T.I.) U AeTajiel (TpyObl, OTBOBI, TPOHHHUKH, TIEPEXO0.Ibl, KOMIEHCATO-
PBI, THUIA-KPBIIKHA U T.11.) TC;

— CTENEeHb JUCKPETU3ALMM CTATUYECKOW M JUHAMUYECKOW CyIEPIJIEMEHTHOM MOJEIU
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 3a1a4ax (cM. pazzaen 6, [Ipunoxenus 1, 2 u, otyac-
TH, 3). 371€Ch XKe MOBTOPUM U3BECTHBIE MTOJIOKEHHS 110 TOCTPOSHHUIO PACUETHON MOJAEIH.

5.4.1. PacueTHas mpOCTPAHCTBEHHAS! CTEP>KHEBASI MOJIETb CTPOUTCS UCXOJS U3 YCIOBUS
NpeJCTaBUTENILHON alNpOKCUMAaLMU peanbHOil reomerpun, Harpy3ok U HJIC tpy6omnpoBogHOH
CUCTEMBI MpH, 10 BO3MOKHOCTH, MUHUMM3AIMN YUCIA Y3JIOB, CYNEP3JIEMEHTOB, 3JIEMEHTOB U
ceueHUil mpuBeneHuss Macc. PacdueTHble ceueHHs (M DJIEMEHTBI) CYNEpIJIEMEHTOB JIOJIKHBI OT-
CJIEKMBATh €0 MPOCTPAHCTBEHHYIO KOH(UIypaluio (HauyajbHble U KOHEUHbIE CEUEHUS KPHUBO-
JUHENHHBIX 3JEMEHTOB, MEPEXO0B, JIMH30BBIX KOMIIEHCATOPOB, apMaTyphl U Ap.), U3MEHEHHS
FEOMETPUUECKUX XapaKTePUCTHK CEYEeHUs (IuaMeTpoB, TOJIIMH, MpUOABOK), (pu3mKo-
MEXaHMYECKUX CBOMCTB M MapaMeTpOB pacHpeesIeHHbIX Harpy3ok (IOroHHasi Macca, TemIepa-
Typa, JaBjIeHUE), OBbITh MPUYPOUEHBI K MECTaM IPHIOKEHUS CBsi3el (IIPYKUHHBIE MOJABECKU U
PACTSKKH, KECTKUE TOJBECKH, OTMOPHI CKOJIBKEHHS, HApaBIAIOLe U KaTKOBbIE ONOPHI, Cec-
MO- U BHOpOONOpPBI) U COCPENOTOUYECHHBIX HArpy30K, K CEYEHMSIM, I KOTOPBIX BBIIOJIHAETCS
MOHT@)XHasi PacTsHKKa M/MIIM 3a/1aHbl BBIHYXK/IEHHbIE IepemelieHus. Boibop ceueHuil npusese-
HUS Macc Ui IMHaMu4eckol cynepanemMeHTHoN Mozaenu TC (moMumo “o0s3aTeNbHBIX — y3JI0B
CYNEp3JIeMEHTHON MOJEeNIM U CEYCHUH IEeWCTBUS JUHAMUYECKHUX HArpy3oK) OIpelessercss u3
aHaJIM3a “NaplUaIbHBIX” COOCTBEHHBIX YacTOT BETBEH TPyOONpPOBOJHOW CUCTEMBI, UCXOIS U3
TpeOOBaHUS peanu3aly BceX COOCTBEHHBIX (OpM KoleOaHUH B SHEPreTHUecKu (CeHCMHUYECKH,
BUOpPALIMOHHO, IMHAMUYECKH ) 3HAYUMOM YaCTOTHOM JIMaIla30He.

5.4.2. TlapameTpsl KOHEYHOIJIEMEHTHBIX MOJIEJIell pacdyeTHOro (parMeHToB JeTaneit
(TpoitHMKOB, THO0OB-OTBOAOB, EPEX00B, JMH30BbIX KoMIleHcaTopoB — ACTPA-CTAJINO) BeI-
OuparoTcs, UCX01s U3 TPeOOBAaHUI TOUHOCTHU OIPEIEIEHUSI MECTHBIX HAINPSDKEHUH B 30HE X UH-
TeHCU(UKALUU U aJ€KBaTHOTO CETOYHOI'O MPEICTaBICHUS “‘CTEPKHEBBIX TOPLIEBBIX HArpy3o0K.
Taxk, ans TpoWHUKOB: IHHBI mtyuepa (/) u tpyost (L) — [>2d, L>2D, 4ucio cioeB KpUBOJIU-
HeltHbIx kBagpatuyHbix CITIKD unu UITKD no yerBepTH okpykHOCTH wmTynepa — ot 8+10 ans
D/d>2 no 12+16 nns D/d=1, B Ipoa0JbHBIX HANpaBICHUAX IITylepa U Tpyosl — oT 8+10 mis
TOJICTOCTEHHBIX 10 12+16 Ui TOHKOCTEHHBIX TPOWHHUKOB, pa3Mep CJIOSl 3JIEMEHTOB y JIMHUU

CTBhIKa (TOPJIOBMHBI) B HAIpaBjIeHUH morepek Hee — ot 0,1 Jrh B mrynepe u 0,1 VRH B TpyOe

JJI. TOHKOCTEHHBIX J10 0,4@ n 04 \/ﬁ JUISL TOJICTOCTEHHBIX. [{JI1 TOJICTOCTEHHBIX TPOWHU-
KOB PEKOMEHJYETCsl MCIOJIb30BaTh MHOTOCJIOMWHBIE MO TOJIIMHE CXEMbl M30MapaMeTPUUYECKUX
K3 (ot 3-x no 5-7-u cnoes). [1o "ymon4anuio" CHCTEMON BBICTABIICHBI 3HAYEHHUS B YKa3aHHOM
JMarna3oHe.

5.4.3. Ilpu pemeHun OOOOIIEHHOW YAaCTUYHOW MPOOJIEMBbl COOCTBEHHBIX 3HAUYCHUM
JOJKHBI OTPEAENSTHCS IS NadbHENIIEro yyeTa B IMHAMUYECKUX pacueTax COOCTBEHHBIE Yac-
TOTBI U (hopmbl Kojiebanuit TC B sHEpPreTMUECKH 3HAYMMOM 4YacTOTHOM auaraszone (ot 0 go 33
' — mas celicMUYEeCKUX pacueToB, B XapaKTEPHBIX ISl pacCCMATPUBAEMbIX BHOPAIMOHHBIX U
JTUHAMHYECKUX MPOIECCOB AHAra3oHe 4acToT).

5.4.4. BennunHa miara MHTETpupoBaHus Af TIpU PElIeHUU TUHAMUYECKHX 3a7ad CIeK-

TpaJIbHBIM METOJ/IOM BBIOMpPAETCS U3 YCIOBUS
At= mm{TK, /6, At, /n}
rae  Af, —mar uuppoBKU aKceleporpaMM WM CHIIOBBIX Harpys3oK,
T,, =2r/w,, —nepuon (c) BeIcLIeH yUUTbIBAEMO cOOCTBEHHON (OopMbI Kosleha-
HUI;
n=1 — npu MajoM mare MUPPOBKU HArpy30K-BO3JeHCTBU (Oosiee 6 TOUYeKk Ha
XapaKTepHBIN Tiepro), n =2 + 6 — npu “rpy0oit” nudpopke.
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6. MaTpunsbl BepupuKanum

PaccuntnsiBaeMble napamMeTphbl: TeMIepaTypbl (mms  nmeraneit), cTatude-
CKHe/TeMIIepaTypHble M JUHAMHYECKHE IepEeMEeIleHUs, YCKOPEeHHs, COOCTBEHHBIE YacTOThI U
dbopmbl KOJEOAHMI, CTaTUYECKHWE W JTUHAMUYECKHE HArpy3Kd Ha OTOPHBIE KOHCTPYK-
1uu/000pyA0BaHUE, CTATHUECKHUE U TMHAMUYECKIE BHYTPEHHUE YCHIIUS (3HAYUMBIC CUIIBI U MO-
MEHTHI), IPUBEJICHHBIE U JIOMyCKaeMble W HANPSHKCHUS HOPMATUBHBIX TPYII C OLICHKOW CTaTH-
YECKOH, ITUKINICCKON, CEHCMUYECKON U BUOPAIIMOHHON ITPOYHOCTH.

MeTtoauka pacyera:

1) mpybonpoeoonsie cucmemsl — cynepd1eMEHTHBIN TOIX0]] METOIa TIEpEMEIICHHA, Me-
TOJIbl HAYaJbHBIX MApPaMETPOB U MPOTOHKH (M1l Ka)KJOrO0 HEPa3BETBIEHHOTO CYNEpAJIEMEHTA),
MeTo[1 "(UKTUBHBIX TeMIiepatyp" [UIsl yueTa MOJM3y4eCcTH U pelaKcallii BEICOKOTEMIIePaTyPHBIX
TpyOOIIpOBOIOB, OJI0UYHBIA MeTOA JIaHIoma i pereHus] YaCTHIHON TPOOIEMbI COOCTBEHHBIX
3HAUEHUH, JTUHEHHO-CIEeKTPaIbHBIH METOJ CEMCMHUYECKOTO pacdera, METOJ TUHAMHYECKOTO
aHaJIM3a C Pa3JIO’KEHUEM [0 3HAYUMBIM COOCTBEHHBIM (popmam KosieOaHu# (JUHAMHUYECKOIO
aHaJK3), I1aroBO-UTEPAIIMOHHBIE MPOLEAYPhl PEIICHUS HETMHEHHBIX CTAaTHUECKUX 3a1ay (Tpe-
HUE-OTPBIB OT OIOP).

2) demanu (mpoitnuku, omeoowl, nepexoosl, JUH308ble KOMNEHCAMOPbL) — METO]l KO-
HEUHBIX JJIEMEHTOB B IMEPEMEIIEHUSIX, MPOCTPAHCTBEHHO-000I0ueuHble M 00BbeMHble KO-
MOJIeNH, ...

Jlnana3zoH u3MeHeHUs1 MapaMeTpoB: yrpyras oosacth (puznyueckas JMHEHHOCTD), Ma-
abie nedopManuu-nepeMenieHns (reoMeTpuieckasi TMHEWHOCTh), HeJTMHEeHAst paboTa OmopHO-
MIOJIBECHOM CHUCTEMBI (TPEHHE CKOJIBKCHUS/KaueHUsI U OTPBIBBI) MPH CTATHYECKHUX, TEMIIEpATyp-
HBIX, CCICMUYECKUX, BUOPAIIMOHHBIX ¥ TUHAMUYECKHUX BO3JICHCTBHSIX.

“ITorpemHocTn” (pacxoxkaeHus) moiaydeHHbIX pe3yiapTaToB 1o ACTPA-ADC’2009 c
“ITaIOHHBIMU PEUICHUSIMH OIpeensTcs Kak (0,%)
0=|(A-B)/B]|- 100,
rae A — pacuetnsiii ACTPA-ADC’2009-napamerp, B — BenuuuHa “3TanoHHOro” perie-
HUSL.
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IIK ACTPA-AD2C’2009. MaTpuua Bepuduxannu Nel

MaxkcumaibHoe
Tun npo- A
HaumenoBanne CoueTanue HArpy- OunennBaemble pacxoxiaenue, %
Ne TecTa 30K/Bo31elicTBUI Bepru pe- JaemenTeI napamMerpsbl
3yJbTATOB P P 3 ACTPA-
TAJIOH
AIC 6.1
Pacyer KOHCONBHOTO
MOJIYKOJIbIIA rud
Y . (ruo, [Tepemerenus 0.64 0.00
KOJIeHO  TpyOorpo- OtBog (Tuo,
BOZIa) HA COCPENOTO- 1 KOJIEHO), Ipsi-
na) et CocpenoroueHHast (), ), 1p
1 | "eHHyIO Harpys3Ky B (2-ANSYS), Mast TpyOa,
cTaTHyecKas Harpyska
mrockoctu.  Cormoc- @) MepTBas OIo-
TaBJIeHUE C aHaJH- pa (3azmenka) OmOpHBIE DEaAK-
i PHEIC P 0.00 0.00
€CKHM W 4HCIICH- MH
HBIM pelICHHEM
Pacuer xoHCONBHOTO
nonyxonsna  (rub, [epememenus 0.87 0.00
KOJIEHO  TpyOorpo- OtBog (THO,
BOZIa) Ha COCPENOTO- 1), (2- KOJIEHO), Ipsi-
na) pet CocpenoroueHHast (), ( ), 1p
2 | 4eHHYIO Harpy3Ky W3 ANSYS), Mast TpyOa,
CTaTHyecKas Harpy3ka
miockoctu. Comoc- @) MepTBast OIo-
TaBJICHUE C aHAJIH- pa (3anenxa) OnopHEIe peak-
THUYECKUM M YHCIICH- 1 0.00 0.00
HBIM pELICHUEM
3amieMJIeHHOE TOTy- OtBogx (Tub
- Y i A (T, [lepememenus 0.18 0.09
KOJIBLIO nog | Pacnpenenénnas cra- 2- KOJICHO), TIpsI-
3 | coOCTBEeHHBIM TUYECKas Harpy3Ka ANSYS), Mast TpyOa,
BECOM. Co- (coOCTBEHHBIN Bec) %), (7) MEpTBas OLO- | OropHIe peak-
MIOCTaBJICHUE C ApPY- pa (3anenxa) uu 3.81 0.00
TUMU OporpaMMaMy
Koncons, Harpy-
JKeHHas CWIOH Ha CrepxeHb
CBOOOIHOM  KOHIIE Cocpenoroueras HEKOJIBIIEBOTO
4 | (ceuenue obiero P D), (7) CeYeHusl, [Tepememenus 0.00 0.00
cTaTHyecKas Harpyska
Buaa). Comocrasie- MepTBasi OIo-
HUE C aHaJMTHYe- pa (3anenxa)
CKHMM pELICHUEM
Koncons mnop pas-
HOMEPHO pacrpeze- CreprxeHb
JeHHOW Harpyskoll | Pacnpenenénnas cra- HEKOJIbLIEBOTO
5 | (ceuenue obiero THYECKas Harpy3Ka (D), (7) CCUCHHS, [Mepemernienus 0.01 0.08
Buna). Comocrasie- (coOCTBEHHBIH Bec) MepTBast OI0-
HHUE C aHaJIUTHYe- pa (3azenxa)
CKHMM DPCIICHHEM
KonconmpHast Gaka,
Harpy>XeHHas Ha Ipsimast Tpy-
KOHIIE  KPYTAIIUM 0a, cTepIKeHb
MOMEHTOM (CeueHue CocpenoroyeHHas HEKOJIBIIEBOTO
6 ( pen @, (M H [epememenus 0.00 0.00
obmero Buma). Co- | craTudeckas Harpyska CCUCHHS,
[IOCTaBJICHUE C aHa- MepTBas OIo-
JUTUYECKAM  perie- pa (3azenxa)
HHUEM
[Ipsamast Tpy-
OnopHbIe KOHCTPYK- 0a, HarpaB-
P Py i P ITepemenienus,
[HH, - SAIAHHbIC B CocpenoroyeHHast JULOILas Orio- €aKIMU B OIO-
7 | MectHOH  cucreme P ©6), (7 pa, MepTBas p 0.00 0.00
CTaTHyecKas Harpy3ka pax,
koopaunar. Craru- oropa (3azmen-
. HapsUKSHUS
YEeCKUil pacuer Ka), oropa
oOriero Buaa
CoOCTBEHHBIC YaCTOTHI [psmas tpy- CoOCTBEHHBIC
8 - . 6), (7 0.00 0.00
CobeTsennbie  yac u GopMel KonebaHui ), (7 0a, HampaB- 4acTOThL
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MaxkcumaibHoe
Tun npo- A
HaumenoBanue CouyeTranue Harpy- OuennBaemble pacxo:xkaenue, %
N TecTa 30K/Bo3JelicTBUI Bepru pe- JaremenTLI napamMerpbl
3yJbTATOB P P 3 ACTPA-
TaJI0H
AIC 6.1
TOTBl  IPSIMOJIMHEH- JISIFOLIAsT OTI0-
HOH TpyOBI ¢ omop- pa, MepTBas
HBIMH KOHCTPYK- omopa (3anen-
OUSAMH, 33JaHHBIMH Ka), oropa
B MECTHOH cucreme oOmiero Buaa
KOOpAMHAT
CoOcTBeHHBIE  Hac-
TOTBl  CTEpPXKHA C Crepaxeih
HEKOJIbLIEBOTO 0.09 0.27 -
MOMEPEYHBIM  Ceue-
CoOCTBEHHBIE YaCTOTHI CEeUEHMUS, Nps- CoOcTBeHHBIE HIBIIME | HU3IINE
9 | Huem oOmiero Buaa. . D), (5), (7)
1 popmbl KoebaHui Mast TpyOa, Y4aCTOTBI 0.63 — 3.97 -
ComocraBieHue ¢
MepTBasi OIo- BBICILIIE | BBICIIHE
AHATUTHIECKUM
pa (3azaenka)
penreHreM
[Ipsamast Tpy-
CoOcTBeHHBIE  Hac-
TOTBl  MPOCTPAHCT: 6a, ooz
poctp (ru6, KoJNeHO),
BEHHOTO  KPUBOJH-
. CoOCTBEHHBIE YaCTOTHI MepTBasi OIo- CoOcTBeHHBIE
10 | HEHHOTO  CTEpPXKHA. . ), 3), (7 1.42 0.86
1 opmbl KoebaHu pa (3anenka), 4aCTOTBI
ComocraBieHue ¢
HETIOABHKHAS
AHATUTHIECKUM
omopa (1map-
penreHreM
HUP)
BobinyxaeHHble  yc-
TAQHOBHBINHECS KO-
neGaHus KOHCOJIBHO [Mpsimas Tpy-
3aKpEeIICHHOTO Cocpenorouenias 6a

11 MHAMUYecKasi Harpys3- 1), (7 ? [epemerenus 12.02 0.16
crepxus (ACTPA- A a py M. MepTBas OIl0- pemett
BUEBP). Comnocrag- pa (3azaenka)

JICHUE C aHaJIUTHYe-
CKHUM pEIIeHuEM
BoiHyxaeHHble  He-
YCTaHOBHBILIMECS

[Ipsmas tpy-
KoJIeOaHus KOH- CocpenoroyeHHas

(2- ANSYS) 6a,
12 | conbHO 3aKperuieH- | IUHAMHYECKas Harpys- [lepememenus 4.53 0.00
@) MepTBasi OIo-

Horo crepxHia. Co- Ka

pa (3azenxa)
MOCTaBJICHUE C ApY-
THMH IpOrpaMMaMu

[Ipamas tpy-
PacueTr coOCTBEHHBIX 0a, OTBOJ
4qacToT U (opMm pas- (rub, KoneHo),
BETBJICHHOMN TPONHUK,

13 IIPOCTPAHCTBEHHOMN CoOCTBEHHBIE YaCTOTHI (2 - PAM- NpY>KUHHAsK CoOcTBeHHBIE 12.45 1.50
TPyOOTIPOBOIHON ¥ GOPMEI KoJIeOaHMi IIA), (7) 10/IBECKa, YaCTOTHI ’ ’
cucremsl ADC ¢ MepTBas OIo-

PBEMK (nozBoma u pa (3agenka),
copoca mapa 3a oropa o01Iero
I'TIK) BHJA
[Ipsamast Tpy-
6a, 0TBO,
PacueT cobcTBEeHHBIX ? A
(tu0, KoneHo),
gacToT u (opm pas- o
< TPOWHHK,
BCTBICHHOU CoOCTBEHHBIE YaCTOTHI 2- MepTBasi OIo- CoOCTBEHHbIE

14 | TpyGonposomoi u opmbl KoeGaHui PAMIIA), arzzauem(a) Y4acTOTHI 24.49 0.95
cucreMsl ADC ¢ P @) I;Ian aBnmo’
PBEMK (npuema mna- P

Imasi oropa,
POBBIX COpOCOB OT om0pa 0BIIEro
['TIK) P
BHAIA
IIposepka [Ipsamast Tpy-
MIPaBHIBHOCTH Temneparypa, naBie- 6a, oTBOJ
OIIpEIeIICHUS ac- | HHe, pacTpenenEéHHas ru0, KOJIEHO

15 | O"PeA P » Pactpen (1), (7) (rud, Ko1eHO), | ppo o crun 0.04 0.00

YeTHbIX YCWJIMH M | CTaTWdecKas Harpyska TPOWHHK,

HanpsDKeHUH B dle- (coOGcTBEeHHBIIT Bec) MepTBas OI0-

MeHTax Tpybompo- pa (3azenxa)

BO/Id o
16 | TIposepka mnpaBHiIL- CeiicMu4ecKoe BO3- (2- [Ipsmas tpy- CoOCTBEHHBIE 1.22 0.00
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MaxcumaibHoe
Tun npo- A
HaumenoBanue CouyeTranue Harpy- OuennBaemble pacxo:xkaenue, %
N TecTa 30K/Bo3JelicTBUI Bepru pe- JaremenTLI napamMerpbl
3yJbTATOB P P 3 ACTPA-
TaJI0H
AIC 6.1
HOCTM pacueTra yac- JIEHCTBUE CANPIPE), 0a, 0TBOJI YaCTOTHI
TOT U (opM colbCT- 7 (ru6, KoJIeHO),
BEHHBIX KoJleOaHuii MepTBasi OIo-
u ceficMUUECKOM pa (3azenxa)
peakIn
[Ipsamast Tpy-
0a, o1ROx |y 5.40 0.00
(tH6, KoNeHO), epeMeIleHHUS . .
Pacuer TpyGompoBo- | Temmneparypa, cocpe-
OIIOpa TPEHHS
17 | ma c yyeroM TpeHHS | [AOTOUCHHAs CTaTUYe- 1), 3), (7
BYCTOpOH-
B OIOpax CKast Harpys3Ka ABYCTOPO
HSIsI, MEPTBast
onopa (3azer- Cunsl TpeHus 3.82 0.64
Ka)
MonenupoBanue
TOHKOCTEHHOTO .
N TpoliHuk,
TPOMHHKOBOTO  CO-
npsiMasi Tpyoa,
€ANHEHHSI C YYeTOM CocpenoTodyeHHbIE .
. JKECTKHH dJ1e-
18 | obomouednold  mo- | CTaTHYECKHE HATPy3KU (1), (6) MCHT-BCTABKA [epememenus 3.68 -
natiauBoctd. Coroc- (TopLIeBBIC MOMEHTHI) ?
MepTBasi OIo-
TaBJICHUE C aHAJIH-
pa (3azmenxa)
TUYECKUMH  (OpMY-
JaMu
Komnencarop
MonenupoBanue JIMH30BBIN/
JIMH30- CocpenoroueHHas CHITb(OHHBIH
19 pen (6) ¢ > [epememenus 0.00 -
BBIX/CHIIL(OOHHBIX CTaTHYecKas Harpyska npsiMas Tpyoa,
KOMIIEHCAaTOPOB MepTBast OIo-
pa (3agenxa)
Iepexo,
Mozexmposasme CocpenoroyeHHas T SIMEI:H T H’Ga
20 | KOHMYECKHX  mepe- P 6) p pyos, [Tepemerenus 0.00 -
XOZI0B CTaTH4ecKas Harpy3ka MEpTBasi OIo-
pa (3agenxa)
[Ipsamast Tpy-
0a, JIOHBIIITKO
Monemiposane ,(;IHHme Buyrpennue
21 | mHAI (xpoImex, | BHyTpeHHee naBneHne 1) : yIp 0.00
KpBIIKa), ycuiust
JIOHBIIIEK)
MEpTBasi OIo-
pa
MognenupoBaHue OnopHele Ha-
apMaTypbl C y4eTOM [psmas tpy- rpy3KH (peax- 0.00
MITOKA MIPUBOJIA). 0a, apmatypa un
22 (npuBoza) BecoBast Harpy3ka (1), (6) > ApMatypa, m)
ComocraBieHue ¢ MepTBasi OIo-
QHATUTHYCCKUM pa (3azenka) CoGctaennbre
peleHuEM. 4acToThl U (op- 0.00
MBI
Hpsivast Tpy- [epememenus 0.00
0a, OTBOJ
(ruG, koneHo), | Hanpsokenus 0.00
MonenupoBanue Buytpennee nasnenue, Oriopa TpeHHA
OJTHOCTOPOH-
OJTHOCTOPOHHHX TeMIIeparypa, pacmpe-
HSISL, JKECTKas
23 | omop ¢ TpeHueM, | J[eNeHHAs BecoBas Ha- (6)
MOABECKA
JKECTKUX TOJIBECOK M | Tpy3Ka, pacueT coocT- A ’ CoOcTBeHHBIE
aMOpTH3ATOP,
aMOpTU3aTOPOB BEHHBIX 4acTOT U (opM 4acTOTHI U (hop- 0.00
oropa oouiero ML
BUJIa, MEpTBas
omopa (3ajen-
Ka)
Pacuernas mpoBepka [psimas Tpy-
POBEp BuyTpennee nasnenue, P py
TFEpMETUYHOCTH 0a, mepTBas VYcnoBHoe naB-
24 COCPEJOTOYCHHAs CTa- (1) 0.00
(aHIEBBIX coequ- omopa (3anen- JIeHHUe
" THYECKas CHIIa
HEHUIH Ka), hiaaner
3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 72




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1

Marpuisl BepupuKaum

MaxcumaibHoe
Tun npo- A
HaumenoBanue CouyeTranue Harpy- OuennBaemble pacxo:xkaenue, %
N TecTa 30K/Bo3JelicTBUI Bepru pe- JaremenTLI napamMerpbl
3yJ1bTATOB P P 5 ACTPA-
TaJI0H
AIC 6.1
Pacuer HJC u Temneparypa, BHyT-
OLICHKA IPOYHOCTH PCHHCC JIABIICHHC, pac- [Mpsimas Tpy- Peaxuuu B oro- 3.35
MpesieNieHHas cTaTuye- pax
BBICOKOTEMIIEPATY - 5 1), (2- 6a, oTBOJ
25 | HBIX  TpyOOMpOBO- ckas Harpyska (cober- PAMIIA), (tu0, KoneHo),
BEHHBIH Bec), cOOCT-
noB. CorocraBjieHue . 3) MepTBast OI0- .
C  aHAIMTHYECKUM BCHHBIC JIHCHHEIC pa (3azenka) Wsrubatonmii 0.84
PS— CMEILCHHUS KOHIIOB MOMEHT
TpyOOnpoBoIa
Pacuer  TpyOompo-
BOJHOM CHUCTEMBI Ha CoGcrBennble 4.49
i - YaCTOTHI '
ceficMirieckoe  BO3 mpsimas TpyGa,
ACUCTBHE 110 HH\I,{eH' CeiicMu4ecKoe BO3- 2 - oTBOJ (THO,
26 | HO-CHCKTPATRHOH nelcTBre (CHEeKTp OT- ANSYS), KOJICHO), OTIO-
TEOPUH C  Y4EeTOM
BETA) 3) pa obmiero
BBICIIMX COOCTBEH- BHIa Peakuuu B omo- 5.76
HBIX (opMm Koneba- pax (31.45)
HUH (ydera «ImoTe-
PSIHHOM MaccChD»)
TpexmepHsblil pacueT
TEMIIepaTypHOTO OOBEMHEIH T 0.01
monst W TEPMOHa- 20-y3510BOi eMIeparypa .
- LIECTUTPaH-
27 TpsKCHHOTO co TemmepaTypa, KOHBEK- (2 - AN- . K9p1/130
CTOSHIA OPTOTO™ || 1B b1 Tem006MeH SYS)
HaJIbHOI'O T- napaMeTpuye-
00pasHOro  TPOHHHU- CKOro cemeli- Hanpsoxenus 1.82
KOBOTO COCIWHEHHS CTBa
(ACTPA-CTAZNO)
YTouHEeHHBIH pacueT o
O0010ueYHBIH
OpPTOTOHAJIBHOTO
CRADHOTO TPORHMKO- 8-MH y3510BbIE Hanpsoxenus
BHyTpeHHee faBiieHuUE, CIIKD; 16, 20- | (k03¢ durmeHTs!
28 | BOro coeguHeHHs Ha “), (3 5.00
n3rudarone MOMEHTHI TH y3JI0BBIE UHTEHCU(]UKa-
CTaTHYECKHUe Ha- OOBCMHLE wim)
Ipy3KH (ACTPA- UKD
CTAIHNO)
YTouHEeHHBIH pacueT
KPHUBOJIMHEHHON
TpyOBl C  IPHMBI- N Hanpsoxenus
Kg.y}O UMH I Hrl)\/II)IMI/I Oonoueumii (Koa(bgm HEHTBI
29 = P H3rubaroiue MOMEHTBI 1), (3) 8-M1 y31m0BOH 5 12.73
yuacTkamu (ruba) Ha CITK? HHTeHCH(HUKA-
CTaTHYECKUE Ha- LIUN)
Tpy3KH (ACTPA-
CTAIUO)
YTouHEeHHBIH pacueT
KOHUYECKOIO Iepe- O0010ueYHBIH
p BayTtpennee naBnenue, (2 - AN-
30 | xona Ha cTaTHYECKUE - SYS) 8-MU y3110BbBIE Hanpsoxenus 11.00
Harpy3ku (ACTPA- CIIKD
CTAHNO)
YTouHEHHBIH pacueT
JINH30BOTO O6ooueyHbIH
Buytpennee nasnenue, (2 - AN-
31 | xommneHcaropa Ha " 8-MU y3710BbIE Hamnpsoxenus 3.62
MU3ruOAOIUH MOMEHT SYS)
CTaTU4ecKue CIIKD
Harpy3ku (ACTPA-
CEAAY) [Ipsmast Tpy-
CynepaieMeHTHBIN 6a, CTep)KeHb
JTUHAMU4YecKuil pac- HEKOJIBIIEBOTO
4yeT  TpyOompoBon- CedeHws, OT-
HOU cHCTeMBI. AJro- Pacuer Boj (THO, KO- CoOcTBeHHBIE
32 | putm Kpeiira- COOCTBEHHBIX (6) JICHO), TPO¥i- 4acTOTHI U (hop- 0.00
Bbemnirona  (popmu- 4acToT U hopM HUK, apMaTy- MBI
pOBaHHE W y4YeT pe- pa, Ipy>K1H-
IyLUPOBAaHHBIX Mart- Hasl II0/IBECKa,
puw) OJIHOCTOPOH-
Hsisl oropa
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1

Marpuisl BepupuKaum

MaxkcumaibHoe
Tun npo- A
HaumenoBanue CouyeTranue Harpy- OuennBaemble pacxo:xkaenue, %
N TecTa 30K/Bo3JelicTBUI Bepru pe- JaremenTLI napamMerpbl
3yJbTATOB P P 3 ACTPA-
TaJI0H
AIC 6.1
TPEHHUsI, MepT-
Basi oropa
(3anenka),
MaTpUYHBIN
CyHepaIeMeHT
Kpeiira-
bemnrona
IIpsamas Tpy-
[Ipumenenue P Py
0a, 0TBOJ
MaTpHUYHBIX
(rub, KoJIeHO),
CYIEpPIIEMEHTOB IS
Temmnepatypa, cocpe- MepTBasi OIo-
MOZIEINPOBaHHS
33 neTaeit JIOTOYEHHAs cTaTuyie- 6) pa, MaTpuy- [epememenus 12.64
CKast Harpyska HBII cymnep-
TpyOOnpoBoOB (Ha
npuMepe  KpUBOJIH DJIEMEIT
pHMep P Kpeiira-
HeiHbIx Tpyo. ACT- B
DA _CTAIILION CMIITOHA
PA-ERAAHHOY
[Ipsamast Tpy-
0a, CTepKeHb
HEKOJIBIIEBOTO
CEUeHUs, OT-
BoJI (THO, KO-
JIEHO), TPOH-
HHK, Oropa
Tectsl Ha pasme Pacuer coOcTBeHHBIE T] eHI:ISI 0/:1}1){0 Cobernenbie
34 P p %) p 4acToThI U (op- 0.00
HOCTb 3aJ[auHl 4acToT U hopM CTOPOHHSIS, ML
OIIOpa TPEHHS
JIBYCTOPOH-
HSISI, MEpTBast
oropa, apma-
Typa, npy-
JKMHHAS M0I-
BECKa
CymnepaiaeMeHTHBIH
ynep . [Ipsmast Tpy-
JTUHAMUYeCKUuil pac- N
0a, TPOIHHUK,
4eT  TpyOompoBoI-
o MepTBasi OIo-
HOU cHCTeMBI. AJro- Pacuer a (3az1e1Ka) CoOcTBeHHBIE
35 | put™ Kpeiira- COOCTBEHHBIX (6) pMa PI‘{HBII‘/'I, 9acTOTHI U (hop- 0.00
Bbemnirona  (popmu- 9acToT U hopM P MBI
CYHEp3IeMEHT
pOBaHWE M y4eT pe- Kpeiira
HUPOBaHHBIX MaT-
AyIHp bemnrona
pHL)

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

(2) — cpaBHEHUE C aTPTEPHATUBHBIME aTTecToBaHHBIMU [1C;
(3) — maHHBIE U3 TUTEPATYPHBIX HCTOYHUKOB;
(4) — aKxcTIepUMEHT;
(5) — aHanM3MUpyeTCs: CXOAUMOCTD PEIICHHs B 3aBUCUMOCTH OT KavecTBa (1o JpOOHOCTH) PaCUueTHOW MOJEIH;

(6) — aHaNMM3MPyeTCs] MHBAPUAHTHOCTD PEIICHHUS 10 OTHOUICHHIO K KOHKYPUPYIOLIMM BapPHaHTaM MOJICITUPOBAHHS;
(7) — cpaBHenue ¢ panee artectroBanHou Bepcueit [IC ACTPA-ADC 6.1.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Marpuisl BepupuKaum

IIK ACTPA-ADC’2009. MaTtpuna Bepupuxanumn Ne2

DJieMeHTbI TPYOONIPOBOIHON CHCTEMBI

Auement TC Homepa Bepu¢uKanMOHHBIX IPUMEPOB
1,2,3,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17,

[Ipsivast Tpyba 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

TpoliHHK 13, 14, 15, 18, 32, 34

KommneHcaTtop (JIMH30BbBIH/cHIb(OHHBIIH) 19

[Tepexon 20

dnaner 24

JloHBITIKO (THMIE, KPHITIKA) 21

Apmatypa 22,32,34

Onopa TpeHus! OTHOCTOPOHHSIS 23,32, 34

Onopa TpeHus IByCTOPOHHSS 17,34

Onopa TpeHHs HalpaBIAIomast 7,8, 14

HenonpmwkHas omopa (1mapHup) 10
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16,

Onopa meprBast (3a/1€11Ka) 17,18, 19, 20, 21, 22, 23, 24, 25, 32, 33, 34

TIpyXMHHAS IOABECKA 13,32, 34

Kecrtkas moaBecka 23

Omnopa o61ero Buja 7, 8,13, 14, 23, 26

AMOpTH3ATOP 23

CrepxHeBoii 0011ero Buaa (HEKOJIbLIEBOTO CEUEHUS ) 4,5,6,9,32,34

JKecTkwii aneMeHT (BCTaBKa) 18

Martpuunsiii cynepanement (Kpeiira-bemnrona) 32,33,35

Koneunsble y1eMeHTHI Mojiesn etaseii TpyoonposoioB (ACTPA-CTAJINO)

K2 Homepa BepuduKkanuoHHbIX IPHMEPOB
O6onoueunslii 8-mu y3nosoit CIIKD 28, 29, 30, 31

TpexmepHsblil 16-Tu y3nosoi NITKD 28

Tpexmepnsbiit 20-tu y3nosoit MTTKD 27,28

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

75




ACTPA-ADC’2009. Bepudukannonssiit order. Tom 1

IIK ACTPA-ADC’2009. MaTtpuua Bepu

ukanuu Ne3 (asement TC/ Bua

acyera / HOMep npuMepa)

Marpuns! BeprhUKaIim

1 1 1 e 1 o o S
Bup pacuera < & S g 3 § % s s ’§ ) I ; NI N
3 2, I 3 S | § S s N g 3 =38 §18 [x [ |2
el 2 S s S N BS g S < < N ® IS8 |2 = <
m S % g < =~ 2l 23] 0 a3 x S < 2 E|S3| 8|2 |O SRS
AR IR R HI B HE N R R R R I AR
N = R ~ N ’E = ~ Q1. Q1. S
S| S| S| s 8| S| S| eSS SE[S 2588l S s S| 8138 s |58|85(55|53
= S 3 g S S S 2 2 S EEYERIERS
AR AR IR N R R N S| s | 183 5[ |12715 715
S = S OISR | s (2| ElEl S =55l 8]8 |¢
< (S [F 8|2 |§|&[F]|S R AERERIRE
S |S S < S = 1S |& |&
g:“gammk o wlb2|L2 |15 |19 20 |24 |22 |2 23 |17 |7 1,2, 23 |7 23 |4,5 |18 |33
MHKJIAYECKYI0 Y 3,6, | 3 = 3, 4, o
7, |15, 5, 6,
acteactam |15 |17 :
17, | 25, 15,
18, |23, 17,
19, |33 18,
20, 19,
21, 20,
22,2 21,
3, 22,
24, 23,
25, 24,
33 25,
33
Lacuer ]f";?‘;f]z“::)" 8,9, 10, |13, 32, 32, |34 |8, |10 |8,9,]13 8, |23 |o 32
Gt P 10, |13, |14, 34 34 14 10, |32, 13, 32,
13, |14, |32, 13, | 34 14, 34
(ACTPA-®OPM) 14, |16, | 34 14, 23,
16, |23, 16, 26
23, | 26, 23,
26, |32, 32,
32, |34 34,
34 35
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ACTPA-ADC’2009. Bepudukannonssiit order. Tom 1
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16,
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Buj pacuera

Pacuer Ha celicMuue-

(ACTPA-CEICM)

Pacuer Ha

CKHe BO3JeHCTBHS

(ACTPA-BUEP)

BUOPONPOYHOCTH
Pacuer Ha

JAunamuyeckue

BO3/1eliCTBUSA

(ACTPA-IVH)

YTouHeHHBIl pacyer
aeraJieit

(ACTPA-CTAJINO)

TpyOonmpoBoaga
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 Onucanne BepUPUKAIHOHHBIX TPUMEPOB (33124, TECTOB)

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

[TonpoOHoe omnucanue BepupUKALMOHHBIX NPUMEPOB (3a7ay, TECTOB), BKJIIOUEHHBIX B
MaTpulbl Bepudpukanuu (cMm. pazznen 6), npuseneHo B Ilpunoxkenusix 1 (moaTBep:kaeHUE BO3-
MoxkHOcTel panee arrectoBanHOM Bepcun ACTPA-ADC 6.1) u [lpunoxenun 2 (o6ocHOBaHUE
3asiBJICHHBIX HOBBIX Bo3MoxkHOCcTe ACTPA-ADC’2009).

B Ilpunoxxennn 3 coOpaHbl HEKOTOPHIE MOKAa3aTeIbHbBIC MPAKTHUYECKUE MPUMEPHI MPOEK-
TUPYEMBIX-IKCIUTYaTUPYEMBIX TPYOONPOBOJHBIX CUCTEM (TPOCTPAHCTBEHHBIX PAa3BETBICHHBIX,
IPOTSKEHHBIX, C BKIIFOUEHUEM O00OPYJOBAHMS M OMOPHBIX KOHCTPYKLUMH, OOJBIION pa3MepHO-
CTH), IEMOHCTPHUPYIOIINE BO3MOKHOCTH UCIIOJIb30BAHUS BEpUDPUIIUPYEMOTO “NPOMBIIIIICHHOTO”
IPOrpaMMHOr0 KOMILJIEKCA B MIPOEKTHO-KOHCTPYKTOPCKUX OpraHM3alUsIX U MPOrpecc B YUCIICH-
HOM MOJEIMPOBAHUHU BOOOIIIE.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 PesynpTaTe! Bepudukanuu

8. PesyabTaTsl Bepuukanumn

8.1. Pesynprarsl Bepupuxanuu [IK ACTPA-ADC npeacrtaBieHbl B MOCIEAHEH KOJIOHKE
MmaTpulibl Bepudukanuu 1 (cM. pazzgen 6), a Takxke B [Ipunoxkenusx 1 u 2 HacTosIIero oT4era.

8.2. “IlorpemHocT” (pacxoxaeHus1) noirydeHHbIx pe3zynbratoB no ACTPA-ADC 2009 ¢
“3TaJIOHHBIMU™ PEIICHUSIMU ONpeaensaTcs Kak (4,%)

o0=|(4-B)/B|-100,
rae A — pacuetnsii ACTPA-napameTp, B — BeJIMUMHA “ITAIOHHOTO” PEIICHUS.

8.3. IlpakTHueckasi TOYHOCTh PACUYETOB OINPENEISIETCS TOYHOCTHIO 3aJaHus (UIUKO-
MEXaHUYECKUX XapaKTePUCTUK MATEPHUaJIOB U TOUHOCTHIO caMOi MoOJeIH (B OCOOEHHOCTH, MpHU
ydeTe HeJIMHEHHBIX (JaKTOPOB).

[TorpemHocTy pacyeTHBIX MNapaMeTpoB (3HAUMMBIX KOMIIOHEHT) [0 pe3yJibTaTaM
TECTUPOBAHUS UMEIOT CJIECAYIOIINE 3HAYECHUS:

1) Temnepatypsl (s geraneit TC) — 10 1%,
2) cTaTMYECKUE NIEPEMELLEHUS, YCUIIMSI U HAIIPSKEHUS — 110 5%,
3) coOCcTBEHHBIEC YAaCTOTHI KOJICOaHMI — 10 2%,
4) celicMu4ecKle peakliuy 10 JMHEHHO-CIIEKTPaIbHONH TEOPUHN — 10 10%,
5) mapaMeTpbl AMHAMUYECKOTO pacyera — 10 15%.
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 TIpoexT aTTecTannOHHOTO MacIopTa

9. HpOCKT ATTECTAIMOHHOI'O IacmopTa
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 TIpoexT aTTecTannOHHOTO MacIopTa

®enepanbHblil HaA30p Poccuu 1o siAepHON U paualiMOHHON 0€301aCHOCTH
Hay4Ho TeXHMYeCKHUil HEeHTP MO0 AAePHON U PAAMAIIMOHHON 0€30MaCHOCTH

ATTECTAIIMOHHBIN IMTACIIOPT ITIPOTPAMMHOI'O CPEJICTBA

Ne 614 Ne
peructpanuonsslii Homep I1C B LlenTpe PEruCTpaLMOHHBIA HOMED
1o opranu3zauuu 3xcneptussl 11C aTTecraunoHHoro nacnopta [IC
16.09.2009
JlaTa perucTpanuu JlaTa BbIIAa4n

Ha3Banmne nporpammuoro cpeacrsa: Kommuexc nporpamm ACTPA-ADC (Bepcusi ACTPA-
ADC’2009). ABTOMaTH3UPOBAHHBIN pacdyeT HU3KO- U BHICOKOTEMIIEPATYPHBIX TPYyOOIPOBOIHBIX
CHCTEM Ha CTaTMYECKYIO0 M IMKJIWYECKYIO NMPOYHOCTb, HA CEHCMHUYECKUE BO3EHCTBUS, BUOPO-
IPOYHOCTh M HEYCTAHOBUBILIHUECS JTWHAMUYECKHE IMPOLIECCHl B COOTBETCTBUU C TPEOOBaHUSAMU
Hopwm ITHAD TI'-7-002-86.

IBM: IBM-comectumbie [I9BM

Onepanuonnas cucrema: Windows 9x/2000/NT/XP/Vista

SA3bikn nporpammupoBanus: Intel Visual Fortran 11.1, Builder C++, Visual C++

HNms aBTopos: benocronkuii A.M., Boponosa I'.A., [Toranenko A.JL., lllnmkuna A.H.,
Kunenen O.10., Ayn A.A., Octposckuii K.H.

Paszpa6orunk: 3A0 «Hayuno-uccnenoBarensckuii nentp Cra/luO» (3AO0 HUILL Cta/luO)
3aaBurean: 3A0 HUILL Cta/luO, OAO «Atomduepronpoekt», OAO «OKbB I'mnpompecc»

Pemenne JxcneprHoro Cosera: AtrecroBarh komiuiekc nporpamm ACTPA-ADC
Ha cpok 10 ner.

IIpunoxenne: Ha § cTp.

IIpeacenarenns IxcneprHoro Cosera
no arrectaunu [1C npu Pocrexnaazope

N.P. Yronesa
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ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 TIpoexT aTTecTannOHHOTO MacIopTa

HNPUJIOXKXEHUE K ATTECTAIIUOHHOMY HACHOPTY IIC Ne__
Kommneke nporpamm ACTPA-ADC, Bepcus ACTPA-ADC’2009

1. IlepeyeHb perucTpupyeMbIX NPOrpaMMHBIX MOJAYJIeil, UX perucTpanoOHHbIE HO-
Mepa B LlenTpe no opranmsanuu 3xcneprussl I1C.

[Iporpammusiii komiieke ACTPA-ADC He coAepKUT OTAEIBHO PETUCTPUPYEMBIX MOJY-
neil, nuBeHTapHbiii Homep 614 ODAII-AP ot 16.09.2009.

2. Haznavenue u o01acts npumenenus I1C.
2.1. Haznauyenmue.

I[IK ACTPA-ADC npennazHadeH Jyisi aBTOMaTU3MPOBAHHOIO pacyeTa MPOCTPAHCTBEHHBIX
Pa3BETBICHHBIX M MPOTHKEHHBIX TPYOOMPOBOAHBIX CHCTEM HAa CTATUYECKYIO M IHUKIMYECKYIO
(17151 OTHOMIAKETHOT'O HAarpy KeHHsI) IPOYHOCTb, HAa CEHCMUYECKHE BO3ACHCTBUS, 3a/1aHHbIE CIIEK-
TpaMH OTBETAa U aKceJeporpaMmMamu, Ha BUOPOIIPOYHOCTD JIJIsl YCTAHOBUBIIHMXCS PEXKUMOB KOJIe-
0aHMii M Ha HEYCTAHOBUBIIMECS JAMHAMUYECKHE IPOLIECChl B COOTBETCTBUU C TPEOOBaHUSAMU
neiictByromux “HopM pacdera Ha MpOYHOCTH 00OPYIOBAaHUS U TPYOOIPOBOJOB AaTOMHBIX dHEP-
reruueckux ycraHoBok. [IHAD I'-7-002—-86”.

Tpyb6onpoBonusie cuctembl (TC) paccMmaTpuBarTCs Kak MPOCTPAHCTBEHHO-
CTEp>KHEBBIE (C yueToM 000J104euHbIX 3P(HEeKTOB B rHOax-KoJIeHaX U OPTOrOHAJIBHBIX TPOHHHU-
Kax) ¥ JTUHEHHO-yIpyrue (C )KECTKOCTHBIMU U MHEPLUUOHHBIMU XapaKTEPUCTUKAMU, COOTBETCT-
BYIOIIMMH 3a/laHHOMY DPAacIeJeNIeHNUI0 TaBJICHUsI U TEeMIEepaTypbl, U ¢ BO3MOXXHBIM YUYE€TOM B
craTudeckux pacyetax 3¢ dextoB Tpenus Kymnona u orpsiBa B onopax). TC MoxeT conepxarh
3aMKHYTbI€ KOHTYpPBI, CBOOOJHbIE, IIIADHUPHO ONEPThIE U 3allleMJICHHbIE KOHIIbI, IPOMEKYTOU-
HBIE OTMOPHI (MEPTBBIE, MPYKUHHBIC, CKOIB3AIINE U KATKOBBIE, BKIIIOUAs OJJHOCTOPOHHHE OTOPHI
U JKECTKUE TATH), JIMH30BbIE U CUIH(OHHBIE KOMIIEHCATOPBI, CTEPIKHEBbIE AJIEMEHTHI IPOU3-
BOJILHOTO CEUEHUSl M JPYrHe AJIEMEHTHI (BKIOo4Yash 00OpylOoBaHHE W HECTaHIAPTHBIC OMOPHBIC
KOHCTPYKIIMH), XapaKTepHbIe ajisi TpyoomnpoBogos ADC.

I[TK ACTPA-ADSC no3BoisieT MPOBOAUTH pACYEThl KaK ¢ y4E€TOM CyMMapHOM MpuOaBKu K
tonumuHe cteHku (IIpunoxenue 5 Hopm ITHAD I'-7-002—-86), Tak 1 M0 HOMUHAJIBHBIM pa3Me-
pam (11.5.1.1 Hopm).

3analTcsa ¥ yUYUTHIBAIOTCS B CTATMYECKUX pacueTax ClIeAYIOlne Harpy3Ku U BO3JIEHCTBUS
it pexxrumoB HD (HopManbHBIX yciaoBHid skcrnyaranuun), HHD (HapymieHus HOpMallbHBIX ycC-
noBuii skcruryaranun), ['M (runpoucneirannii) 1 AC (aBapuiiHBIX CUTYyaLHil):

— BHYTpPEHHEE UJIU BHEIIIHEE JAaBJICHUE,

— CTaTUYECKUE CHJIbI U MOMEHTHI B IPOU3BOJIbHBIX CEUCHUSIX,

— pacnpeesieHHas Harpyska o 3-M HampaBjieHHUsIM (BKJIIOUYasi BECOBYIO OT IPOAYKTa, Me-
TaJljia U U30JIAIIH),

— pacnpe/esIeHHbIii MOMEHT OT HEpaBHOMEPHOTO 10 BBICOTE CEUeHHUsl Harpesa (Hampumep,
pu CTPAaTU(PUIIMPOBAHHBIX TCUCHHUSIX),

— TeMIiepaTypa HarpeBa (OXJIaKIeHus),

— TeMIIepaTypHbIE IEPEMELLEHUS OIIOp,

— MOHTQ)XHBIW HATAT (pacTsr).

JIist (MHaMUYeCcKUX 3aJa4 3aJal0TCsd aMIUIUTYAHO-YaCTOTHBIE U (MJIM) BPEMEHHbBIE Xapak-
TEPUCTUKHU CEHCMHUYECKHUX, BUOPAIIMOHHBIX (THAPOJAUHAMUYECKUX), UMITYJIbCHO-TIEPEXOIHBIX U
aBapuiinbix (MIIA) Bo3nelicTBHil.

Kommekc nmporpamm ACTPA-ADC (aTTecTtyemasi 4acTh) COCTOUT M3 7-U MPOTPAMMHBIX
monyieit (ITPE-ACTPA, ACTPA-CTAILL, ACTPA-®OPM, ACTPA-CEMCM, ACTPA-BUEP,
ACTPA-ZIMH u IIOCT-ACTPA), uMeomux eIuHble METOANYECKUE U HOPMATUBHBIE OCHOBBI,
CIO0CO0 MOCTPOEHUS] PACUETHONW MOJEIN, COBMECTUMBIX IO MCXOJHBIM JAHHBIM, UX 33JIaHUIO U
dbopme nipeactarieHus: pe3yibratoB, 1 Moayiass ACTPA-CTAIMO nns yTOYHEHHOTO pacuera
neraseil TpyoonpoBOIOB.

1) ITIPE-ACTPA — mHOroyHKIMOHAIBHBIA “TIperporeccop” KOMIUIEKca, 00ecreunBaro-
M AMAJIOrOBBI MHOIOOKOHHBIN PEXHUM 3aJaHusl, TeHEpAlUy U BU3yaJIM3alluy palliOHAIBHBIX
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IPOCTPAHCTBEHHO-CTEP’KHEBBIX PACUYETHBIX MOJesield TpyOONpOBOJHBIX CUCTEM (C BO3MOXKHO-
CTSIMHU HCIIOJIb30BaHMs 0a3 JaHHBIX 110 MaTepuaiaM, OropamM, MPYKUHHBIM MOABecKaM U (aH-
LEBbIM COECIMHEHMSIM, paHee 3a/laHHbIX MOJIENIel, paCCTAHOBKHU OIOP U paclpesesieHue JUHAMU-
YecKuX crerneHeil cBoOoabl), cBs3b ¢ mpenpinymumu Bepcusimu ACTPA-HOBA, ummopt-
AKCTIOPT MOJIEJIEH, MOUCK M OTOOpakeHHe KOJUIM3UH (TMepeceueHnid, KaCaHUu U HEIOMYCTHMO
MaJbIX 3a30pOB TPy0O), IIyOoKast AMarHOCTUKA OIIHUOOK;

2) ACTPA-CTALL — pacyeT Ha CTaTUYECKYIO U IIUKIMUYECKYIO IPOYHOCTh HU3KO- U BBICO-
KOTEMIIepaTypHBIX (B COOTBETCTBUH C METOAMKOM, MpuBeAeHHOI B [1, 2]) TpyOompoBogo ADC.
JI71s1 OOPHBIX KOHCTPYKIIUM, 3a1aBa€MbIX B OOIIEH U MECTHOM CHCTEMaX KOOPAWHAT, IPOBOIMT-
Csl pallMOHANIBHBIN BBIOOpP MX XapakTepucTuk. [Ipyxkunubie moasecku copramenta MBH-043-63,
OCT 108.764.01-80, OCT 24.125.109-01, “cneunpyxun” (BHUIIMOT) u LISEGA wmoryr
UMETh 3aJlaHHbIC XaPaKTEPUCTUKU WM XapaKTEPUCTUKHU, BIOPAHHBIE IPOTPAMMHO ITyTEM OIpe-
JICJIEHUs] Harpy30K B pabo4yeM U XOJIOJHOM COCTOSIHUM, CTPYKTYphI NPYKUHHBIX Lenel, ux 3a-
TSOKKA M OCAJKW; BO3MOXEH y4YeT HaKJIOHA MPYKHUHHBIX MOJBECOK MPH TeMIEepaTypHBIX IMepe-
MeIIeHUsAX TpyOorpoBoa. J{st «crennpy>XuH» yUYUTHIBAIOTCS TAK)KE yIITMHEHUS TAT U U3MEHE-
HUE TEPMOMEXAHWYECKUX XapaKTePUCTUK MPYKUH MpH Harpese. [IpegycMoTpeHbl Bce MpPaKTH-
YECKH 3HAYMMBIE BUJIBl U PEKHUMBI IPOYHOCTHBIX PACUE€TOB HA HOPMATHUBHO PETIIAMEHTUPYEMbIC
COUYeTaHMs KBa3UCTATUYECKUX M MAJIOIMKIOBBIX BO3JICHCTBUI: JaBICHUS, pacpeeIieHHON Mac-
CBbl M COCPEJOTOUEHHBIX HArpy30K, TEMIIEpAaTYypHOI0 Harpesa TpyOOoNnpoBo/ia, CMEIIEHUN ero 3a-
HIEMJICHHBIX KOHIIOB, MOHTaXHOTO pacTsra u Jip.

PesynpTaramu pacdera JUIsl KaXKAOro 3Tana sBISAIOTCS MepeMelleHus (JMHEeHHbIe U yIio-
BbI€), MPHUBEACHHBIE U JOMYyCKaeMble HAIMpPsDKEHHUS BO BCEX PACUETHBIX CEUYCHHSX YYaCTKOB
(BxJrOuast THOBI U KOJICHA) M B TPOMHUKOBBIX Y3JIaX, BHIYUCIICHHBIC TI0 YMPOIICHHBIM U yTOY-
HeHHbIM MeToaukam Ilpunoxenus 5 Hopm [THAD I'-7-002-86, onieHKH CTaTUYECKON W IUKIIH-
YEeCKOM (17151 0IHOMAKETHOI0 HArpy»eHHs) IPOYHOCTH, CUJIOBbIE (PakTOphl (B 0O1IeH 1 MEeCTHOI
CHUCTEeMax) B 3a/IaHHBIX CEUCHUSIX, HATPy3KH HA 00OpyI0oBaHHE (KOHIIEBBIC OMOPHI) U y3Jbl yda-
CTKOB, a TaK)K€ Ha OTMIOPHBIE KOHCTPYKIMH, MPY>KUHHBIE TTOJBECKH U KECTKHE TATH B pabodyem u
XOJIOTHOM COCTOSIHUSIX, PEXKHME TUAPO(ITHEBMO)UCTIBITAHUI; TUIIBI U XapaKTEPUCTUKU BbIOpaH-
HBIX MIPY>KUHHBIX TIOJIBECOK.

3) ACTPA-®OPM - no3BoisieT onpeaenuTs TpedyemMoe yucio (Ui B TpedyeMoM 4acToT-
HOM JIMana30He) HU3IINX COOCTBEHHBIX 4acTOT U (opM KojeOaHuN TpyOONpPOBOIHON CHUCTEMBI
JUTSL )KECTKOCTHBIX U MHEPLHUOHHBIX XapaKTEPUCTUK, COOTBETCTBYIOIINX 33JaHHOMY pacreee-
HUIO JJaBJICHMs U TemIepaTypsl U "craTycy" onop. Maccel TpyOOIpOBOIOB U TEXHOJIOTHYECKOIO
000pyAOBaHUs MPEACTABISAIOTCS B BIJIE COCPEOTOUYCHHBIX MAacC U MAaCCOBBIX MOMEHTOB, TPHBE-
JICHHBIX B 3aJJaHHbIC TOUYKHU (CEYEHMS) paCUETHON MOJENN WM B CEUEHUs, TeHEpUpyEeMbIE Cpell-
ctBamu nipernporeccopa [IPE-ACTPA (no mectu creneneit cBo00bI).

BrruncneHHble COOCTBEHHBIC YaCTOTHI U ()OPMBI KOJIEOAHUN MOTYT TUOO HEMOCPEICTBEHHO
HCIIOJIb30BAThCS MIPU OLICHKE BUOPOMPOUHOCTH (OTCTPOMKA OT pe3oHaHca), TU00 MPUMEHSIOTCS
nporpammamu  ACTPA-CEMCM, ACTPA-BUBP u ACTPA-JIMH npu pacueTHOM aHAIM3e
celicMUYeCcKOr, BUOPAITMOHHOW U TUHAMUYECKON peakiny TPyOOIIpOBOIOB.

4) ACTPA-CEVICM — pacuer Tpy6omnposoansix cuctem ADC Ha ceficMuueckue Bo3zeii-
CTBUS; TOJIBKO CEMCMHUYECKUX HArpy30K WJIM CYMMapHOIO JIEHCTBUSI JaBJICHHs, COOCTBEHHOM
Macchl U CEHCMUYECKUX Harpy3oK, COOTBETCTBYIOIUX pesxkumam HO+MP3 u HO+II3. B kauect-
B€ CEMCMMYECKOTO BO3/ECUCTBUS MOXKHO 3a/1aBaTh CIEKTPbI OTBETOB W/MUJIM OTBETHBIE aKCEJIEPO-
rpaMMBbl 3eMJICTPSICCHUSI Ha OTMETKE KPEIUICHUs! TPyOONpoBOJa B OJHO- MM TPEXKOMIIOHEHT-
HOM BUJIE.

Pesynpraramu pacuera sBISAIOTCS JMHEHHBIE M YIJIOBbIE CEMCMHUYECKUE MEPEMEIICHUs U
YCKOPEHUS, CEICMUYECKHE HArpy3Ku Ha MPY>KMHHbIE NOJBECKU U ONOPHbIE KOHCTPYKLUHU, TIPH-
BEJICHHbIC HANIPSDKEHUS Pyl (Gs); U (Os)2 B CEUEHUAX CyNepaieMeHTOB (''yuacTkoB") U B TpOii-
HUKaX, CHJIOBBIE ()aKTOPBI B MECTHOM U 00mIel cuctemax koopauHar. [Ipu ogHOBpeMeHHOM 3a-
JAHUHM HECKOJIbKUX BapHAHTOB CEMCMHUUYECKUX BO3JIEHCTBUN BO3MOXEH BBIOOP MaKCHMAalbHBIX
MEepEMEIICHUH, HANIPSYKEHUH U Harpy30K 1O BCEM BBEJICHHBIM BO3JICUCTBUSM.

5) ACTPA-BUBP — pacuetr Ha BUOponpouHOCTh TpyOompoBoaHbIX cucteM ADC; mpoBo-
JUTCSI CHIEKTPAJIbHBIM aHAJIU3 [apaMEeTPOB BBIHYKICHHBIX YCTaHOBUBLIMXCS J1€TEPMHHHUPOBAH-
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HBIX KoJieOaHMi cucteMbl. CUIIOBOE Harpy>KeHUE 3a1aeTCsl ISl IPOU3BOJIBHBIX CEYEHHI CXEMBbI B
IIOJINTaPMOHUYECKOM BUJE. BrinonHsaercs nqBa Buaa pacyera:

— OIlpesieIeHHEe JA0IYyCKaeMbIX aMILUIUTY ] BUOpornepemeneHuil (ycuauii, Harpy30k Ha OIo-
pbl U 000pyIOBaHKE) MPU KOJIEOAHUSIX TPYyOONPOBOJIA MO KAXJAOW YUYUTHIBAEMON COOCTBEHHOM
dbopMe U3 yCIOBUS TOCTHKEHUS JOMYyCKAEMOT0 3HAUCHUSI MAaKCUMATbHBIMU HAPSHKEHUSIMU;

— pacueT mapaMeTpoB BBIHY)KJIEHHBIX YCTaHOBUBIIMXCS KojeOaHUN (aMIUIUTYI mepeme-
LICHUH, HATPY30K U HAIPSKEHUN ).

PesynpTaramu pacuera SBISIFOTCS aMIUIATY/Ibl BUOPAIIMOHHBIX NEPEMELICHUN U HaIpshKe-
HUH, IOMyCKaeMble HANpPsOKEHUs, CHIIOBbIE (PAKTOPHI B MECTHOM CHUCTEME KOOPAMHAT IJI Kak-
JI01 COOCTBEHHOM WJIM BBIHY>KJAIOIIEH YacTOTHI.

6) ACTPA-JIMH — pacuer tpyOonpoBoaHbix cucteM ADC Ha HEYyCTaHOBUBIIMECS AMHA-
MUYecKHe mporecchl. OnpenestoTcs mapaMeTpbl HEYCTAaHOBHBIIUXCS BBIHYKIECHHBIX KoJieOa-
HUM, HE0OXOaUMbIEe AJISi OLEHKU MPOYHOCTH NPHU HECTALMOHAPHBIX (MEPEXOAHBIX) pexKUMaXx.
VYIpouieHHbIN aHaau3 aBapUHHBIX CUTyalUil, CBA3aHHBIX C pa3pblBaMM TPyOOIIPOBOJOB, IIPOBO-
TUTCS B "CUIILHOM" TIPEIONI0KEHUN MAJIOCTH (TeoMeTpruiecKas JIMHEHHOCTh) U ynpyroctu ((u-
3UYeCcKas TMHEHHOCTh) KOJICOaHU.

CunoBble JTUHAMHYECKHUE BO3JCUCTBUS 33/al0TCSI B MPOU3BOJBHBIX TOUKAX CHUCTEMBI TPY-
0oImpoBoZia B BHUJIC BPEMEHHBIX 3aBUCUMOCTEH MABICHHS W/WIM COCPEIOTOYEHHBIX cuil. llpum
3TOM YKECTKOCTHBIE XapaKTePUCTUKH MPUBEACHHON JTUHEHHO-YNIPYTOil CUCTEMBI COOTBETCTBYIOT
3a/IaHHBIM CTaTUYECKOMY JaBJICHUIO U TEMIIEpaType.

Pesynpraramu pacuera SBISIOTCS AMHAMHMYECKHE MEPEMELICHUS, YCWIMs, Harpy3KH Ha
OTIOPBI U y3Jbl, aMIUTUTY/IbI PUBEJICHHBIX HANPSHKEHUN JJI1 BCEX MOMEHTOB BPEMEHH, a TaKkKe
MaKCHMaJbHbIE 3HaYeHHUsI (32 BpeMs BO3JCHCTBUS)

7) IIOCT-ACTPA — «moctpoueccop» KOMIUIEKCA O0OECIEUMBAET CIELYIOIINE PEXUMbI
paboThI ¢ pe3yJbTaTaMHM CTaTUYECKUX U IMHAMUYECKUX PacueTOB:

— MUArHOCTHKA MPEBBIIICHUI pacueTHBIMU MapaMeTpaMu (HampsKeHHsI, Harpy3Ky Ha OIo-
PBbl, B3aMHBIE TIEPEMEIICHHS TPYyO) KPUTEPUATBbHBIX 3HAUCHHUIA;

— BU3yaJIM3alus MepeMeIleHUi s BCeX 3HaYMMBIX JTalloB pacyera, BKIoYas ornpeese-
HUE KOJUIM3MM — HEIONMyCTHMO MaJjblX 3a30pOB, KacaHUM U mepecedeHuid Tpyd B nedopMupo-
BaHHBIX COCTOSIHHSIX;

— BU3yaJIM3alusl yCWIMN M HANPsDKCHUH C OIEHKON MPOYHOCTH MO HOPMATHUBHBIM KpPHUTE-
pHsIM;

— BU3YaJIM3aIlsl HAarpy30K Ha OMOPHI U MPYKUHBI,

— aHMMaIUs COOCTBEHHBIX (hOpM KoJeOaHUN U TUHAMUYECKON PeaKIuii;

— TaOJIHIBI MAKCUMAJILHBIX MIEPEMEIICHNUN, HAPSHKEHUN, YCUITUN U Harpy30K, BEIOOPKHU 11O
copTamMeHTaM TpyO, THOOB U TPOHHUKOB;

— MOJIHbIE TaOIUIIBI PE3YJIBTATOB pacyuera;

— ¢opMUpOBaHUE OTYETA,

— COXpaHeHue, NepeuMEHOBaHNE U yaneHue (aiaoB pe3ysibTaToB.

8) ACTPA-CTAIMO — yTOYHEHHBIH pacyeT Mo MPOCTPAHCTBEHHO-000JI0Y€YHBIM U 00B-
€MHBIM CXeMaM MeTojia KOHeuHbIX 31emMeHToB (MKD) craimoHapHbIX TeMIiepaTypHBIX MOJIEH U
HanpsikeHHO-neopmupoanHoro coctosaus (HJC), ctaTuyeckol, MUKINYECKOW U cericMuye-
CKOH MPOYHOCTHU CIEAYIONUX TSHKEIIO HArPY>KEHHBIX 3JIEMEHTOB TPYyOOIIPOBOAOB MpHU JCHCTBUN
MOJIHOM CHUCTEMbI KBa3MCTaTUYECKUX HArpy30K (BHyTpEeHHee NaBieHHe, TeMIiepaTypHble nedop-
MAIH, OCEBas U MOMEPEYHBIC CUITBI, H3THOAIONTNE W KPYTAIIUNA MOMEHTHI Ha TPAaHUIIAX-TOPLIAX ):

— TPOWHUKOB OPTOTOHAJIBHBIX WM HEOPTOTOHANBHBIX (KOCHIX) paaUaIbHBIX (CBapHBIX,
HITAMIIOCBAPHBIX, ITAMIIOBAHHBIX M KOBAHbBIX, C HAKJIAJKAMH U TUTAKUPYIOLIUM CIIOEM);

— OTBOJIOB (TMOOB, KOJIEH) THYTBIX, KDYTOU30THYTHIX, IIITAMIIOBAHHBIX U CEKTOPHBIX C yUe-
TOM JJUTUOTHYHOCTH, PAa3HOCTEHHOCTH (MEPEMEHHON TONIIMHBI CEYEHUS) W TMPUMBIKAIOIINX
MPSIMBIX TPYO, KOCBIX CTHIKOB;

— KOHMYECKUX MEePEX00B KOHIEHTPUUECKUX;

— JIMH30BBIX M CHJIL()OHHBIX KOMIIEHCATOPOB OCEBBIX, YTJIOBBIX U CIBHUTOBBIX (MHOTOBOJI-
HOBBIX C YY€TOM MPUMBIKAIOIINX MPSIMBIX TPYO).

[TonHocthio coBMecTMa ¢ ACTPA-ADC 2009 (3kcnopT reoMeTpUYECKUX XapaKTepUCTHUK,
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(bU3UKO-MEXaHNYECKUX CBOMCTB M HArpy30K 3HAYMMBIX ATANOB CTATUYECKOTO U CEHCMUYECKOTO
pacueToB, UMIIOPT YTOYHEHHBIX HANIPSDKEHUH U MATPUI] )KECTKOCTH/TIOJATINBOCTH).

OcHOBHBIE peaTM30BaHHBIC TUMIOTE3bI: U30TPONHS U JIMHEHHAS yIIPYrocTh MeTaia (husu-
yeckas JINHEHHOCTh) ¥ MalloCcTh AedopManuii-iepeMenieHnii (reomeTpudeckast TMHEHHOCTb ).

2.2. Tun 00beKTAa UCIOJIb30BAHUS ATOMHOI YHEPTUM.

Tpy6omnpoBoansie cucteMbl ADY

2.3. Moaeaupyemble pe:KUMBI.

3a1at0TCsl M YUUTHIBAIOTCS B CTATUYECKHUX pacueTax CICAYIOIINE HArPYy3KU U BO3JIEUCTBUS
s pexxumoB HD (HopManbHBIX yciaoBuil akcityatanuu), HHD (HapyumieHuss HOpMaibHBIX yC-
noBui skcrryaraun), ['U (ruagpoucnsitanuit) u AC (aBapuiiHbIX cCUTyalluid):

— BHYTpPEHHEE UJIU BHEIIIHEE JAaBJICHUE,

— CTaTUYECKUE CUJIbl U MOMEHTHI B IIPOU3BOJIbHBIX CEUCHUSIX,

— pacnpeesieHHas Harpyska 1o 3-M HampaBjieHHUsIM (BKJIIOUYasi BECOBYIO OT IPOAYKTa, Me-
TaJljia U U30JIAINH),

— pacnpe/iesIeHHbIii MOMEHT OT HEpaBHOMEPHOTO 10 BBICOTE CEUEHHUsl Harpesa (Hampumep,
npu CTPaTU(PUIIMPOBAHHBIX TCUCHHUSIX),

— TeMIepaTypa HarpeBa (OXJIaKISHU),

— TeMIIepaTypHbIE NEPEMEILIEHUs OTIoP,

— MOHTQ)KHBIW HATAT (pacTsr).

JIist fMHAMUYECKUX 3aJa4 3aJal0TCsd aMIUIUTYAHO-YaCTOTHBIC U (MJIM) BPEMEHHBIE Xapak-
TEPUCTUKH CEHCMHUYECKHUX, BUOPAIIMOHHBIX (THAPOJAUHAMUYECKUX), UMITYJIbCHO-TIEPEXOIHBIX U
aBapuiinbix (MIIA) Bo3neiicTBHil.

2.4. OrpannyeHusi Ha NIpUMeHeHH e

OrpaHudeHust Ha FeOMETPHIO, BEJIMYMHBI HAIPY30K U PEaKIMIO CUCTEMbI: TpyOOIpoBOA-
HbI€ CHCTEMBbI pacCMaTPHUBAIOTCS KaK CTEp)KHEBbIE (C y4eToM 000s104edHbIX d()PEKTOB B ru-
0ax ¥ TpPOWHMKAX) U JMHEHHO-yNpyrue, HEJIMHEHMHOCTb «IIPEICTaBlIEHa» OJHOCTOPOHHUMU
OTIOpaMU U OTIOpaMU TPEHHs (TOIBKO B CTATUYECKUX pacueTax).

KonuuecTBeHHble orpannyeHus Ha napaMmerpsl pacuetHoi monenu TC nus Bepcuun AC-
TPA-ADC’2009:

1) nns Bcert Moenu:

— Y3JI0B CTBIKOBKH y4aCTKOB-CYIIepaIeMeHTOB (Hepa3BeTBIeHHBIX) — 0 - 4 000,

— CyIep3JIEMEHTOB (HEPa3BETBIECHHBIX yyacTKoB) — 1 - 4 000,

— TPOMHHUKOBBIX CoeMHEeHHUI 1 THUL (Kpbimiek) — 0 - 4 000,

— IWHAMHYECKHX cTereHei csoboasl — 1 - 60 000,

— BBIYUCIISIEMBIX/yYUTHIBAEMBIX COOCTBEHHBIX 4acTOT U (opm Kosiebanuit — 1- 4 000,

— TOUYEK 33JlaHUsl ceCMUUECcKOoTO criekTpa oTBeToB — 1 - 10 000,

— TOYEK 3aJlaHHs aKceJaeporpaMMel (maroB uHTerpupoBanus) — 1 - 60 000,

— CEUYCHMI/2JIEMEHTOB 33/IaHUsI TPEXKOMIIOHEHTHBIX AMHAMHYECKUX Harpy3o0k—1-2 000.

2) Ang KaxIoro cymnepajieMeHTa (Hepa3BeTBICHHOTO ydYacTKa C OOIUMU (PUIHKO-
MEXaHHUYECKHUMU XapaKTEPUCTUKAMH ):

— BJIEMEHTOB (OTPE3KOB) MPSMO- U KPUBOJIMHEHHBIX TPyO U mepexoaoB — 1 - 400,

—IPY>KUHHBIX II0JIBECOK, ONOPHBIX KOHCTPYKLUHH, “XKECTKHX 3JIEMEHTOB” (BCTAaBOK),
POU3BOJILHO OPUEHTUPOBAHHBIX B IPOCTPAHCTBE COCPENOTOUEHHBIX HAarpy3ok — 0 — 400,

— JMH30BBIX/CUIB()OHHBIX KOMIIEHCATOPOB — 110 30,

— ¢manues — go 100,

— HEKOJIBIEBBIX ceueHui — 10 100,

— apMartypa (kyanassl, 3aaBmwxku) — 10 100,

— CEUEHHUM ¢ JOMOJHUTEIbHBIMU HaNpsiKeHUuaMu — 10 100,

— MOHT@XXHBIH PacTIr — B OJHOM CEYEHHUH,
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— MOJUTapMOHUYECKUX (BUOpAaLMOHHBIX) cull — 10 30, 4MCI0 TapMOHUK B CUJIE — JI0
50.

Ha kaxaoMm yuacTke-CynepasieMEeHTe MOXKET OBITh JOTOJHUTEIHHO (K «CTaTUYECKHM
oropam) 3a1aHo a0 100 aMmopTH3aTOPOB — OMOP, OOIAJAIONIUX 3aIaHHBIMHU TUHAMUYECKUMU Ke-
CTKOCTSIMH, HO HE TMPEMSATCTBYIOIIUX CTATHUYECKUM M TEMIIEPATyPHBIM MEPEMEIICHUSIM TpyOo-
pOBO/JIA.

YTounennsiii KO-pacuer temnepaTypHOro u HarpsiKeHHO-1€(OpMHPOBAHHOIO COCTOS-
Hus aeraneit TpyoomnpoBonoB (ACTPA-CTAJINO) Benetcs B MpeanoioKeHUN:

— CTaIlMOHAPHOCTHU TEMIIEPATYPHOTO TIOJIS;

— MaJIOCTH MepeMeIIeHUN 1 yIpyrocTu aedopmannii-HanpsoKeHu .
B wactHOCTH, HE YYUTBHIBACTCSl BaXKHBIN IS TOHKOCTEHHBIX OTBOJOB-THOOB HETWHEHHBIN (hak-
TOP BJIUSIHUS JABJICHUS HA )KECTKOCTh CUCTEMBI.

Uucno y3moB — g0 100 000, KOHEYHBIX AJIEMEHTOB (KPUBOJIMHEHHBIX 000JI0UYEUHBIX CY-
neprnapamMeTpUuIecKoro CeMEeMCcTBa WM 00bEMHBIX H3omopameTpudeckux) — a0 50 000.

2.5. lomycTuMble 3HaYeHHUA TapaMeTPOB.

VYnpyras obnacte nedpopmupoBanus (pusmueckas JMHEHHOCTH), Majble aedopManuu-
nepeMenieHus (reoMeTpuyeckas JIMHEHHOCTD), HEeJIMHeHas padoTa OMOpHO-IOBECHOM CHUCTe-
MBI (TpEHUE CKOJBKEHUS/KaUeHUsI U OTPBIBBI) MPH CTATUYECKUX M TEMIIEPATypPHBIX BO3/EHCTBH-
X, JIMHEWHAs (C BOBMOXKHBIM HAclIeJOBaHUEM '"'CTaTHYECKOro'" craryca OInop) — npu ceicmude-
CKUX, BUOPAIIMOHHBIX U TUHAMHYECKHX BO3/ICHCTBHSIX.

2.6. IlorpemiHoCTh, OOCCIEUMBaeMasi B 00J1aCTH A0IYCTUMBbIX 3HAYEHUH MapaMeTpoB.

[IpakThyeckass TOYHOCTb pAacyETOB OINpEAEseTcs] TOYHOCTbIO 3a/laHus (U3UKO-
MEXaHUYECKUX XapaKTEPUCTUK MaTEPUAIIOB U TOYHOCTBIO caMou monenu. Ilorpemuoctu pacyé-
TOB 110 pe3yJIbTaTaM TECTUPOBAHUS UMEIOT CIICIYIOLIUE 3HAYCHUS:

— CTaTUYECKUE MEepEMELIEHUs, YCUIINUS U HANIPSKEHUS — 5%,
— COOCTBEHHBIE YaCTOTHI M POPMBI KOJIeOaHui — 2%,
— CEHCMUYECKUE PACUYETHI 110 JIUHEUHO-CIEKTPAIILHOW TEOPUHU —10%,
— MapaMeTpbl TMHAMUYECKOr0 pacuera —15%.

3. CBeneHus1 0 MeTOAMKAX pacyeTa, ucnojab3yembix B I1C.

Peann3oBaH equHbII anropuT™ pacuera TpyOOIpOBOIOB (ONpeieeHne NepeMeleHUi, Ha-
I'PY30K Ha ONOPbI U YCUJIMM B CEYECHUAX) KaK NMPOCTPAHCTBEHHBIX MHOTOKPAaTHO CTaTHYECKH He-
OIpEeACIUMBIX CTEP’KHEBBIX CHCTEM, COUYETAIOIIMI CYNEep3JEeMEHTHbIN MOJIX0J METoJa MepeMe-
IIEHUI, METO/Ibl HayaJIbHBIX MAapaMEeTPOB U MPOTOHKHU (IS KaXIOro CYINEep3JeMEHTa) U CIIeK-
TpaJIbHYI0 METOJUKY pELIeHMs] THHAMUYeCKHX 3aj1ad. [t kakoro srama cTaTUYECKUX pacde-
TOB U JUIsl TUHAMHUYECKHX PAacyeTOB 3aJaud PEIIAlOTCs B JUHEHHO-yNpPyroM HNpUOIMKEHUH JUIS
3a/laHHOT0 pacHpeesieHus BHYTPEHHEro JaBieHus U temneparyp. Ilo mporpammHo peanuso-
BAaHHBIM AHAJUTHUYECKUM 3aBUCHUMOCTSIM YYMTBHIBAETCS MOBBIIIEHHAss 000J04YeyHass MOAATIM-
BOCTb KpHUBOJHMHEWHBIX TpyO (3¢d¢dextsl Kapmana) u opTOroHaabHbBIX TPOMHMKOBBIX COEIMHE-
HUM, 1O 3aJaHHBIM KO3((UIMEHTaM KECTKOCTH — TOAATIMBOCTb BpPE30K “TpyOa—
obopynoBanue”. DpPEeKThl MON3YYeCTH U PeJaKcalyu Ul BBICOKOTEMIIEPATypPHBIX TPyOOmpo-
BOJIOB YUHUTHIBAIOTCS 3KBUBAJICHTHBIMH (CKOPPEKTHPOBAHHBIMU) TEMIIEPATypaMU U CMELCHMSI-
MU OIIOp U1 pabovero U XoJa0JHOro coctossHui o Meroauke PTM 24.038.08-72.

Tpenne Kynona B onopax ckoiwxkeHus: u kaueHus B cratuke (ACTPA-CTAILL) monenupy-
€TCS CUCTEMOM SKBHBAJICHTHBIX (DMKTUBHBIX TOPHU3OHTAIBHBIX CBSI3€H, )KECTKOCTHBIE XapaKTepH-
CTHKH KOTOPBIX ONPEAEISAIOTCS B rapaHTUPOBAHHO CXOJAALIEMCs UTEPallMOHHOM npouecce. Tak-
K€ B UTEPALIMOHHOM IIPOLIECCE ONPEAEIAETCS Ul KaXI0Tr0 Tana CTaTHYECKOI0 pacuera CTaTyc
OJTHOCTOPOHHEH onopsl (TpyOa JEXKUT HA ONOPE WM HE KOHTAKTUPYET) M JKECTKOW TAru (1oa-
BECKH).

OceBble, yIIIOBbIC, CIIBUTOBbIE U KOMOMHUPOBAHHBIE JTMH30BbIE U CUIb(OHHBIE KOMIICHCA-
TOpPbI CXEMAaTU3UPYIOTCS NPSIMOJIMHEUHBIMHU 3JEMEHTAMU (OTPE3KaMM) C SKBUBAJICHTHBIMM Xa-

3A0 HUL] Cta/luO (www.stadyo.ru stadyo@stadyo.ru), 2009 86




ACTPA-ADC’2009. Bepudukarmonnsiii orget. Tom 1 TIpoexT aTTecTaunOHHOTO MacIopTa

paKkTepUCTUKaMH CEYEHMsI Ha pacTsKEHUe-c)kaTue, CIBUT, M3rub M KpydeHue. Apmarypa (3a-
JBUKKH, BEHTWJIH, KJIAallaHbl) MOJEIUPYETCS KeCTKUMU BCTaBKaMU C SKBUBAJICHTHBIMH Harpy-
30YHBIMHU ¥ HTHEPIIMOHHBIMHU XapaKTEPUCTHKAMHU.

Pemenne pe3ynpTupytolieil anredpandeckoil CUCTEMbl YpaBHEHHI PaBHOBECHUS CyIepaJie-
MEHTHOU MOJieNiu (OIpe/IesIeHne BEKTOpa MepeMEeIleHUI B y3/1ax) IPOBOAUTCS /ISl CTaTUYECKUX
3anau (ACTPA-CTAIL) u npu onpenenennn marpun noxatiausoctd (ACTPA-CEMCM, ACT-
PA-BUBP u ACTPA-JINH) no cxeme kBampaTHOTO KOPHS (XOJIEIIKOT0) C YUYETOM MOJIOKUTEb-
HOM OTPEIEIIEHHOCTH, CHMMETPUYHOCTH, OJTIOYHOCTH U Pa3peKEHHOCTH MATPUIIBI KECTKOCTH.

3HaunMble COOCTBEHHBIC YaCTOTHI U COOTBETCTBYIOIIHME UM (OpMbI KosieOanuii (B Tpedye-
MOM YaCTOTHOM JHUarna30He /WY 3alaHHO€ YHCJIO0) TUHAMHYECKONH MOJETH CHUCTEMBbI, YUUTHI-
BaeMble B pacuerax 1o nporpammam ACTPA-CENMCM, ACTPA-BUBP u ACTPA-JIVH, ompe-
JENSIOTCS U3 PeUIeHHs] YaCTHOM MpoOiIeMbl COOCTBEHHBIX 3HAYeHUN OJI0YHBIM MeToz0oM JlaHIo-
nia.

Pacyer TpyOOmpoBOIHOM CHUCTEMBI Ha CEMCMUYECKHE BO3ACHCTBHS, 3aJlaHHBIE TPEXKOM-
NOHEHTHBIMH criekTpamu 0TBeToB (ACTPA-CEVICM), IpoBOANTCS MO JTHHEHHO-CIEKTPAILHOMY
METO/Y; pacyeT Ha CeMCMOBO3ACHCTBUS, 3aJaHHbIE OTBETHBIMU AKCEJIEPOrpaMMaMU, BBIIIOJIHS-
€TCsl UHTETPUPOBAaHUEM YPaBHEHUH JBMKEHUS CIIEKTPAIIbHBIM METOJIOM C Pa3JIo’KEHUEM IO cO0-
CTBEHHBIM (hopmaM Kojebanuii (mo cxeme Jroamerns).

IIpu pacuere Ha BuOponpoyHocts (ACTPA-BUBP) ucnone3yercs cnekTpalibHbIi aHAIN3
MapaMeTpPOB BHIHYKJICHHBIX YCTAaHOBHUBIIMXCS JE€TEPMUHUPOBAHHBIX KoyieOaHMi cuctembl. CH-
JIOBOE Harpy>ke€Hue 3aJaeTcs B MOJUTapMOHUUYECKOM BUJIE.

B pacuere Ha HeycTaHoBuBIIMEecs nuHamuueckue nporeccsl (ACTPA-IVH) peanuzoBana
CHEKTpaJibHasi METOJMKa pacueTa HEyCTAaHOBMBILMXCS BBIHY)KJIEHHBIX KOJIEOAHUM ISl OLEHKU
MPOYHOCTH MPU HECTAIMOHAPHBIX (MEPEeXOIHBIX) pexnmax. CHUIOBbIE BO3ICUCTBUS 3a/1al0TCS B
BU/JIE BPEMEHHBIX 3aBUCUMOCTEN JTaBJICHUs U/UIIU COCPEOTOUCHHBIX CHJI.

Meroa NOAKOHCTPYKIMI peaqu30BaH TAKKE VISl MOCTPOCHUS PEAYLIMPOBAHHBIX MATPULL
BJIMSIHUSI CUCTEMBl MJIM ydeTa 3TUX MaTpull IPU CyNepiaeMeHTHoW cOopke. PeanusoBan anro-
PUTM METO/Ia TMHAMHUYECKOTO CHHTE3a MOAKOHCTPYKIHi B popme moaxoaa Kpeiira-bemnrona (¢
(UKCUPOBAHHBIMU TpaHUIIAMU) sl GOPMHUPOBAHUS M yU€Ta MAaTPUYHBIX CyNepIIeMeHTOB. Pe-
JTyIUPOBAHHBIE MATPHUIIBI )KECTKOCTH, MACC U Harpy30K UMIOPTUPYIOTCA-IKCIIOPTUPYIOTCS Uepe3
TEKCTOBBIE (Paiisibpl, HOPMAT KOTOPBIX YUUTHIBAET UX OJOUYHO-TUATOHAIBHYIO CTPYKTYPY, a TAKKE
yepes OuHapubie daitnbl cTpykTypbl ACTPA-ADC’2009. Ucnonb3yercs B pacuerax Ha cTaTude-
ckyro u mukiandeckyo npodHocth (ACTPA-CTAILL) m onpeneneHun COOCTBEHHBIX YACTOT W
dopm konebanuii (ACTPA-OOPM).

ACTPA-CTAJJUO — yTOYHEHHBIH pacueT CTAlMOHAPHOTO TEMIEPAaTypHOIO COCTOSHUS
netaneit TC B BBINOJHSAETCS 10 00OBEMHBIM CXeMaM MeToJla KOHeuHbIX deMeHToB (MKD) B nu-
HEMHOI MOCTaHOBKE, HANPSKEHHO-IE(POPMHUPOBAHHOTO COCTOSHHS — MO MPOCTPAHCTBEHHO-
00o0si0ueyHbIM U 00beMHBIM cxemMaM MKD B nepemenieHusx B MPearnookKeHUH MaJlIOCTH TMepe-
MeIeHUH-aedopManuii U ynpyroi paboTsl, OI[CHKA CTAaTUYECKOW, NMUKINYSCKOW (IUIsl OJIHOMA-
KETHOTO HAarpy’>keHusi) U CEHCMUYECKOW MPOYHOCTU MO IpyHnaM KaTeropuil HampsoKeHUM Ha
CPEIMHHOW, BHYTPEHHEH M HApY»KHOM MOBEPXHOCTAX JETale — COrjaacHo mnoJioxkeHusM Hopm
I[THAD I'-7-002-86.

4. CBeneHus 0 6a3ax JaHHBIX (0H0JIMOTEKAX KOHCTAHT), HcnoJb3yeMbix B IIC.

[TporpaMmMa pegakTUpOBaHUs U MOMONHEHUs 0a3 JaHHBIX (TI0 XapaKTepUCTUKaM MaTepua-
JIOB, COpPTAaMEHTaM JeTajIei, Harpy3KaM U BO3JICUCTBUSIM) — HE aTTECTYIOTCS.

5. Ilepevens opranu3anmi, dxcmiryatupyromux IIC (koMmmepueckne Bepcun):

3A0 HUII Cra/IluO, OAO "Atomauepromnpoekt”, OAO "OKb "I'uaponpecc”, [IKD “Poc-
sHeproarom”, OAO 3MOMAP, AO POCDOII, 3A0 “Cenbanepronpoext”’, “CepntHUNXum-
Mamr”, TOY BIIO MI'CY (Poccus), “KueBsnepromnpoekt”’, “XapbKOBIHEPIronpoekT», "Ykpa-
tomaHepronpoekt”, HITO "Bekrop", HTL| APb I'ocatomHan3opa Ykpaunsl (Ykpauna), Urna-
muHckast ADC (JIutsa), JI® "Enepronpoext" (bonrapus).
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6. lonosiHuTebHAs1 MHGpOPMALUS.

Her

7. OcoOble ycJI0BHS.
Her

8. OdunuajbHbIe IKCIEPTHI.

bennskor B.I'., k.T.H., HauaneHuK oTaeaa HTL[ SIPb

[TanoB B.A., 1.7.H., 3am. HauanpHuKa otaena OKBM um Adpukanrosa

Py6uoB B.C., k.T.H., HauansHuKk otnena HTL] SAPb

Cununeie E.H., 1.1.H., 3aB. nabopatopueit npounoctu OAO "BHUNAM"

Txaues B.B., k.1.H., HauanpaukK nadopatopuu PHIL "KypuaToBckuii uncTUTYyT"

[Mpencenarens DKCHIEPTHOTO COBETA

HN.P. Yronesa

[Ipencenarens Cekuu Ne4 DxcriepTHOro coBera

IO.U. JInxaueB
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10. IlepeyeHb HCTOYHUKOB

1. Hopmbl pacuera Ha MpOYHOCTh 0OOPYJIOBaHMS M TPyOOIPOBOAOB aTOMHBIX JHEpre-
tryeckux ycraHoBok. [IHAD I'-7-002—-86. M., Dueproatomuszgat, 1989 r.

2. HopMbl pacuera Ha IPOYHOCTh CTAI[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-
6omposozos. PTM 38.001-94. M., 1995 r.

4. Hopmbl pacdera Ha MPOYHOCTh TPyOOmpoBo10B TernoBbix cereit. P/ 10-400-01. M.,
2001 r.

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

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

7. ASME Boiler & Pressure Vessel Code. Section I1I. NB-3630.

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

9. PykoBOACTBO 10 pacueTy ¥ KOHCTPYHPOBAHHUIO TPOWHUKOB TEXHOJIOTHUECKHUX TPYyOO-
npoBoAoB. M., 'maponpoext, 1984 r.

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

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

12. Jleranu u cOOpOYHbBIE €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 LuiuHAprudeckue. 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 TpyOonpoBoaHbix cucteM ADC Ha CTaTUYECKYIO U IHMKIMYECKYIO0 MPOYHOCTh, HAa ceiicMuye-
CKH€ BO3JICHCTBHS, HA BUOPOIIPOYHOCTh U HEYCTAHOBHUBIIHMECS TUHAMUYECKHE MPOIECCH B COOT-
BercTBUU ¢ TpeboBanusimu Hopm [THAD I'-7-002—-86. OO6miee onucanue xomriekca. M., HUL]
Cra/luO, 1991 1.

16. Kommnieke nporpamm ACTPA-ADC (DOS-Bepcus 6.2). ABTOMaTU3UpPOBAaHHBIN pac-
yeT TpyOonpoBoaHbIX cucteM ADC Ha CTaTUYECKYIO M IHUKJIMYECKYIO MTPOYHOCTh, HA celicMuye-
CKHE BO3JICHCTBUA, HA BUOPONPOYHOCTh U HEYCTAaHOBUBIIMECS JUHAMUYECKHUE MPOIECCHl B COOT-
BercTBUU ¢ TpedoBanusmu Hopm I[THAD I'-7-002—-86. OOmee onucanue xomriekca. M., HUL]
Cra/luO, 1996 1.

17. Komnnekc nporpamm ACTPA-HE®TEXHWM (DOS-Bepcus 6.2). ABTOMaTu3upo-
BaHHBIN pacyeT TpyOONPOBOIHBIX CUCTEM He(hTeXMMHUYECKUX U HedTenepepadaThIBaOIINX MIPO-
W3BOJICTB Ha CTATHYECKYIO M MUKINYECKYIO MPOYHOCTh U Ha BHOPOIPOYHOCTH 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 TpybonpoBoaHbIX cucTeM ADC Ha CTaTUYECKYIO U IIUKJINYECKYIO IPOYHOCTh, Ha CeCMU-
YEeCKHe BO3/CHUCTBUS, HA BUOPOIIPOYHOCTh M HEYCTAHOBHBIIMECS TUHAMHYECKHE MPOIECCHl B CO-
orBercTBHM ¢ TpeboBanusmu Hopm TTHAD I'-7-002—-86. Obmee onucanue komruiekca. M., HULL
CralluO, 1999 r.

19. Kommiekc nporpamm ACTPA-HE®TEXHMUM-99 (Windows-Bepcusi). ABTOMAaTH-
3MPOBAaHHBINA pacdeT TPyOOIPOBOIHBIX CHCTEM He()TEXHMMHUYECKUX U HedTenepepadaThIBarOIINX
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IPOU3BOJICTB HAa CTAaTMYECKYIO0 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 MTPOU3BOJICTB HA CTATUYECKYIO U MUKIUYECKYIO IPOYHOCTh U Ha BUOPONIPOUYHOCTH C Tpebo-
BaaussMu PTM 38.001-94. O6mee onucanue komruiekca. M., HAL[ Cta/luO, 2001 r.

22. Kommekc mporpaMmm ACTPA-TIC-2001 (Windows-Bepcusi). ABTOMaTU3UpPOBaH-
HBII pacueT TpyOOIPOBOAOB Napa U ropsiueil BOJIbI 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 cucteM. Obuiee onucanue, BepupuKam-
OHHBIM 0TYeT, HHCTPYKIMHU noab3oBaTens. M., HUL] Cra/luO. 1993 — 2009 rr.

24. “CewmetictBo” mporpamMubix komiiekcoB ACTPA-2001 (Windows-Bepcus). Iloa-
CUCTeMa 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-
BepcHsi). ABTOMaTU3MPOBAHHOE MPOEKTUPOBAHUE U pacueThl TPYyOONPOBOIHBIX CUCTEM Ha CTa-
THYECKYIO U IMKJIMYECKYIO MPOYHOCTh, HA CEHCMUYECKHE BO3/ICHCTBHS, BUOPOIIPOUHOCTh U He-
YCTaHOBUBILIHUECS IMHAMHYECKHUE IPOILIECCHl 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., HUL Cta/luO, 2008-2009 rr.

27. Kommnekc nporpamm ACTPA-ADC. Bepuduxanmonusiii oryer. M., HUL[ Cra-
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OcHoBHBIC yC10BHBIC 0003HAYCHUSI H COKPALLCHUS

AC  —aromHas CTaHIIUA, aBapUNHASI CUTYaLlUSs

ADC — aToMHas JIEKTPOCTAHLIUS

AJY —aromHble IHEPreTUYECKUE YCTaHOBKU

I'M  — ruapo(ITHEBMO) UCTIBITAHUS

r — rurabanT

HUIIKD - tpexmepnbie (00beMHbIe) KpuBoIHHEHHbIe KO n3omapameTpuyeckoro ceMencTna

K — Kusmo0auT

K2  — koneunsliii(e) anemeHT(b1)

JICM — nuHeiHO-CeKTpajdbHbI MeTOT (pacyeT Ha ceiicMHYecKue BO3ACHCTBUS)

M — Merabait

MK — mMeToa KOHEUHBIX 3JIEMEHTOB

MIIA — makcuMmalibHasi IPOEKTHAs aBapusl

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

IIK — nporpaMMHBIN 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 3KCIUTyaTalluH

HY3J — HOpManbHBIC YCIOBUS IKCILTyaTaIlluu

I3  — mpoekTHOoe 3emueTpsicerue (moBTopsiemocts 1 pa3 B 100 ner)
PTM - pykoBoIsIME TEXHUYECKHUE MAaTEPHAIIBI

P — PYKOBOJSLIMNA TOKYMEHT

CAIIP - aBroMaTu3upoBaHHas CUCTEMA MTPOEKTUPOBAHMUS
CHullI - cTtpouTenbHble HOPMBI U IpaBUiIa
CIHKY - ob6onoueunsie KO cynepmapaMeTpudeckoro ceMencTBa, peain3yonne THI0Te3bI

TuMOIIEHKO

C2  —cynepaneMeHT

COM - cynepaiemMeHTHasi MOJEIIb

TC  —TpyOomnpoBojHas cuctema

9BM - aneKTpOHHAs BHIYMCIUTENbHAS MAIIMHA

(0)1 — Tpynma NpHBEICHHBIX HAMPSHKCHHM, ONpeaesseMasl M0 COCTABJISIOIIAM OOIIMX MEM-
OpaHHBIX HampspKkeHu# (rpymnmna 1), oT AelcTBUS BECOBOWM HArpy3KH W pabouero JaBiie-
aus, Mlla;

(0)2 — pacueTHbIe pUBEJCHHbIC HANIPSDKEHUS (Tpymma 2), onpeaenseMble 0 CyMMaM COCTaB-

JSIOUIMX OOUIMX WJIM MECTHBIX MEeMOpaHHBIX U OOUIMX M3TUOHBIX HAMPSDKEHUHU, OT Jei-
CTBHsI BECOBOW HArpy3ku u nasneHus, Mlla;

(0)rk — MaKCUMAaNbHBII pa3Max NpPUBEICHHBIX HaNpsuKeHUM (rpynmna 3), ompeenseMbIX IO
CyMMaM COCTABIISIONIUX paHee YHOMSHYTBIX HAMPSHKCHUU, OOIIMX TeMIIepaTypHbBIX, Me-
CTHBIX M3THOHBIX M CABHUTOBBIX HANpPsDKCHHM, OT JEHCTBUS MaBJICHHS, KOMIIEHCAIIUU
TEMIEPATyPHBIX PACIIMPEHUI U cMelleHus onop (koHion), Mlla;

(Car)xk — aAMILTUTYJIa IPUBEACHHBIX ‘‘HU3KOUYACTOTHBIX HaIpsDKeHUH (rpynna 4), onpezaensemMas
OT AeHcTBUs TeX ke (PaKTOpOB, YTO U (G)rk C YUETOM KOHIICHTPALMH HAIPSHKCHUH U
OBAJIBHOCTH CEYEHHH (11 KOJIeH U THOOB);

(0s)2 — pacueTHbIEe PUBEJICHHBIE HANPSKEHUS, ONpeesieMble KaKk HApsKEHUs TPYMIbI (G):
OT JCHCTBUS JABJICHMS, BECOBOM HArpy3Ku M CEeMCMHUYECKHUX BozaercTBuil ypoBHs 113
nu MP3, Mlla;
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Eaununbi H3MEPECHUSA (I/ICXO}IHLIC JaHHbIC U pe3yJILTaTI)I)

CHU - wmwm, pan, ¢, MIla, kH/m, kH, xH ™M, m, T'ni, pan/c
CI'C — cwm, pan, c, KF/CM2, Kr/cM, Kr, Kr-cM, ', paa/c

IIporpammsl kommnexkca ACTPA-A3C’2009

IIPE-ACTPA — IUAJIOTOBBIN Ipernpoleccop A 3a1aHus U BepupUKaluu pacueTHON Mo-
neny TpyoorpoBoaa

ACTPA-CTAL] — pacyeT Ha CTAaTHYECKYIO M [IUKINYECKYIO MPOYHOCTh

ACTPA-®OPM  — pacueT COOCTBEHHBIX YaCTOT U PopM KosieOaHHit

ACTPA-CEHCM — pacuer Ha celicMU4ecKHe BO3ICHCTBHS

ACTPA-BUBP — pacyet Ha BUOPOIPOYHOCTH

ACTPA-/IUH — pacyeT Ha HEyCTaHOBUBIIMECS JUHAMUYECKHE ITPOLECCHI

ITOCT-ACTPA — JMANOTOBBIA MOCTIPOILIECCOP ISl BU3yaIM3allMU U MOCTPOCHHS TaOIHII
pe3yJIbTaTOB pacyera

ACTPA-CTAHO - YTOYHEHHBIN pacuer TeMIEPaTypHOro u HaInpsHKEHHO-

ne(OPMUPOBAHHOTO COCTOSTHUS, CTATUYECKOM, ITUKINYECKON U cercMuye-
CKOH MPOYHOCTH TUIOBBIX JIEMEHTOB TPYOOMPOBOIOB MPH ACHCTBUU IOJI-
HOUW CHCTEMbI KBa3UCTAaTUYECKUX HArPy30K
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