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“CemeiicTBO” nmporpaMmMHubIX kKomiiekcoB ACTPA-HOBA’2021 ™
JJ151 ABTOMATH3HPOBAHHBIX PAcYeTOB TPYOONMPOBOIHBIX CHCTEM
10 BLIOOPY OCHOBHBIX Pa3MepOB, HA CTATHYECKYI0 H IMKJINYECKYI0 IPOYHOCTh, HA
ceficMHYecKHe BO3/IeHCTBUS,, BHOPONIPOYHOCTh H JUHAMHUYECKHE NPOLECChI
B COOTBETCTBUH C POCCHIICKHMH HOPMATHBHBIMH TPe0OBAHUSIMH

Oo0nree onucanue

. AC TPA-AIC™ (ammecmayuonnsiii nacnopm Pocmexnadzopa Ne292 om
) 14 14.04.2011, pee. Ne614 om 16 09.2009) — mHA3 r-7-002-86.

Hopmut pacuema na np Mo A U mpy 0068 amoMHbIX
anepzemuyeckux ycmanoeok. MT-T.0. 03 326 13. Memoouka pawemuaea ananusza
ceiicmocmoiikocmu 3nemenmog oeiicmeyrowux AIC ¢ pamkax memooa 2paHudHoN
ceiicMocmoikocmu

. ACTPA TQCW(ce mucghuxam coomgemcmeusi Ne RA.RU.AB586.H01185 om
06.08.2019) — P/ 10-249-98. Hopmbi pacuema na npounocms
CIMAYUONAPHBIX KOMI06 U MPYyGOnpo6000s napa u 2opsaueil 600

06.08. 2019) PTM 38.001-94. Yxazanus no pacuemy Ha npouyHocms u
UOPAUUI0 MEXHOI02UUECKUX CIATILHBIX mpPYyoonpoeodos, 'OCT 32388-2013
Tpyoonpoeoost mexnonozuueckue. Hopmvr u memoovt pacuéma na
PAYUI0 U celicMuyecKue 6030eiicmeus

. AC T PA T EH./IOCE Th M| (cepmuqbumm coomsemcmausi Ne RA.RU.4586.H01185

om 06.08. 2019) — P/ 10-400-01. Hopmwt pacuema na npounocmv
mpybonposooos mennogvix cemeit, FOCT P 55596-2013 Cemu mennogvie.
Hopmbl u Memoost pacuéma na RPOYHOCMb U celicMuiecKue 6030elicmeus

. AC T. PA-MAF I/IC TP ™ (cepmucpuxam coomsemcmeuss Ne RA.RU.A586.H01185 om
S 06.08. 2019) — CHull 2.05.06-85. Mazucmpansuvie mpyéonpogoost,

CIT 36.13330.2012 (axmyanusuposannas pedaxyus CHull 2.05.06-85%)

Mazucmpansvusie mpyoonpoeoovt 'OCT P 55989-2014 Mazucmpanvhoie

" : 2a3onpo6oovl. FOCT P 55990-2014 IIpomsiciiossie mpyoonposoos

¢ ACTPA- CB,ZZTM (cepmughuxam coomeemcmeus Ne RA.RU.A586.H01185 om

06.08. 2019) — PTM 26-01-44-78. /lemanu mpyoonpoeodos na

oaenenue ceviuie 10 0o 100 MIla. F'OCT P 55600-2013. Tpyowt u demanu

mpyoonpo6odoe na Oaenenue ceéviue 100 oo 320 MlIla. Hopmer u

Memoovl pacuema Ha RPOYHOCHb

. ACTPA C Y/IITPOZVITM (cepmugpuxam coomeemcmeus Ne RA.RU.A586.H01185 om
' ” o

'nb,

06.08.2019) — Pa5P.4322-86. TpyGonposoos: cyo Memoouxa
pac Ha ( YECKYI0 U MAIOUUKI06yI0 npounocms. P/5P.5137-73.
Dnanyesvle coeounenus cyoosvlx mpyoonpoeooos u cucmem. Memoouka u
HﬂprlpllC‘lemtl Ha np 'mb U n. mbs

* ACT PA C TAZIPIOZM (ammecmauuomqu nacnopm Pocmexnaoszopa Ne292 om
14.04. 20]1 pee. Ne614 om 16.09. 2009) — YmOYHEHHwll pacuem

i memnepamypnozo noaa, HJ/JC wu npounocmu Oemaneit mpyoonpogoodos:
MPOIIHUKO8, OM60008, NEPEX0008, TUH306bIX KOMNEHCAmopos u Op. (060104eunble
u mpexmep ynpyzue u ynp, nacmuyveckue cxemovl MK9)
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CTAIUO, ACTPA-HOBA, ACTPA-ADC, ACTPA-TOC, ACTPA-HED®TEXVM, ACTPA-TEIIJIOCETH,
ACTPA-MAT'UCTP, ACTPA-CB/, ACTPA-CVIIIPOM, ACTPA-HETAJIb, ACTPA-CTAL], ACTPA-DOPM,
ACTPA-CEHCM, ACTPA-BUBP, ACTPA-IUH, ACTPA-CTAIUO, IIPE-ACTPA, ITOCT-ACTPA smasiotcs
3aperucTpupoBaHHEIMU B Poccrmt  ap. crpanax CHI' toproBeiMu Mapkamu 3AO “‘HaydHo-HccienoBaTenbeKuid
uentp Cra/luO” (HALL CtalnO).

IBM siBisiercst 3apervcTpupoBaHHONW TOproBoil Mapkod kopriopauwmu International Business Machines.
Windows, Word, Visual C++ sBrsiroTcst 3apeructpupoBaHHbIME TOproBomvu Mapkamu Microsoft Corporation.
AutoCAD  sBisiercst  3apervcTpupoBaHHOM — ToproBoil  Mmapkoil  AutoDesk, Inc, CADWOorx/PIPE —
3apeructpupoBanHoi Toprosoil Mapkoin COADE, NetWare — 3apeructpuposarsoii Toprosoii mapkoii Novell, Inc,
Compaq Visual Fortran 6.6 — 3apernctpupoBaHHO# TOprooi Mapkoii kopropamu Compag, Intel Fortran 11 —
3aperHCTPHUPOBAHHON TOProBoii Mapkoi kopriopatwy Intel. [pyrue HasBauust (paOpHYHBIX MApOK WIIH MPOIYKTOB
SIBIISICTCS 3aPETMCTPUPOBAHHBIME TOPTOBBIMU MapKaMK COOTBETCTBYIOLIMX KOMITAHHH.

""CemeiicTBO” mporpaMMHbIX KomiuiekcoB ACTPA-HOBA’2021 (peans 202105).
ABTOMAaTH3MPOBaHHbIE pacyeTbl TPYOONPOBOIHBIX CHCTEM MO BbIGOPY OCHOBHBIX
pa3MepoB, HA CTATHYECKYI0 U HUKJIMYECKYI0 IIPOYHOCTH, HA celicMUYecKHe BO3eiicTBUS,
BHOPONPOYHOCTH W JAHHAMHYECKHE TPOLECChl B COOTBETCTBHH € POCCHHCKHMH
HOPMaTHBHBLIMH TpeboBaHusiMu. O011ee onucaHue.

Hacrosmpii IOKyMeHT COIep)KUT OOIlee OIUCAHHEe METONMYECKMX W HOPMATHBHBIX OCHOB,
anroput™MoB 1 miporpamM komiviekca ACTPA-HOBA’2021 (Windows-sepenst wist 1BM-coBmecTMbIX
KOMITBIOTEPOB), TIPE/IHA3HAYCHHOIO JUTs aBTOMATH3MPOBAHHOIO PacyeTa MPOM3BOJIBHBIX IPOCTPAHCTBEHHBIX
Pa3BETBIICHHBIX TPYOOIPOBOIHBIX CHCTEM HA CTAaTMYECKYI0 M LMKIMYECKYI0 HPOYHOCTH (Iporpamma
ACTPA-CTAIL]), ua ceficvmueckue Bozneiictaus (ACTPA-CEHCM), na subponpousocts (ACTPA-
BHBP) u HeycranoBusiivecs: auHamuueckue npouecchl (ACTPA-/IHH), 1t yTOYHEHHBIX pacyeroB
Ieraeii mo oOomodedHbM M TpexMepHbM cxeMaM MKD (ACTPA-CTA/IHO), a Tacke i
«TIPEIBAPUTENIHHOTO» pacuéra 1o BhIOOPY OCHOBHBIX pasmepoB (ACTPA-/JTETA/Ib) B COOTBETCTBHH C
TpeboBanmsmu aefictyroumx Hopm ITHAD T'-7-002-86 (4CTPA-A2C), PI 10-249-98 (ACTPA-TIC),
PTM 38.001-94, TOCT 32388-2013 (4CTPA-HE®@TEXHM), PJI 10-400-01, TOCT P 55596-2013
(ACTPA-TEIT/IOCETB), CHulI 2.05.06-85, CII 36.13330.2012, TOCT P 559892014, TOCT P 55990—
2014 (ACTPA-MAT'ICTP) u TOCT P 55600-2013, PII PTM 26-01-44-78 (ACTPA-CB/]) , PII5P 4322-
86, PISP 5137-73 (ACTPA-CYITPOM). TlpuBereHo ornmcaHue cearca pador ¢ komiuiekcom 4CTPA-
HOBA’2021, Bxmrouasi PeXAMBI TPEMPOLICCCOPHON TIOTOTOBKHA HCXOIHBIX JaHHBIX (ITPE-ACTPA),
MPOBEJICHUST PAcieToB M TIOCTIIPOLICCCOPHON 00paboTku  pe3ynbratoB  pacueroB  (IIOCT-ACTPA),
TIPOLIC/TYPbI MHCTALTALIN KOMITICKCA M CBOIKU AMArHOCTMYECKUX COOOLLICHHH.

© HayuHo- ucciaenosarenbckuii nentp Cra/luO, 2021 r.






AnHOTaIus

AHHOTaNNA

Hactosimuii  TOKYMEHT COACpPKUT OOIee ONMUCAHWE METOJUYECKAX U
HOPMaTHBHBIX OCHOB, JITOPUTMOB M mporpamm “cemeiicta” ACTPA-HOBA’2021
(Bepcust mnst [I9BM  IBM-coBmectumblx, penu3 202105), npenHasHadeHHOTo JUIs
ABTOMATU3MPOBAHHOTO MPOEKTUPOBAHHUS W ITIOBEPOYHBIX PAcYETOB IPOM3BOJIEHBIX
MIPOCTPAHCTBEHHBIX Pa3BETBICHHBIX M TPOTSDKEHHBIX TPYOOIPOBOAHBIX CHCTEM Ha
CTaTHYECKYI0 M LUKJINYecKylo npouyHocTh (mporpammbl ACTPA-CTAL] u ACTPA-
CTATHO), na ceiicmuaeckue Bo3neiictsus (ACTPA-CEHCM u ACTPA-CTAJHO),
Ha BuOponpouyHocTs (ACTPA-BHEP), HeycTaHOBUBLINECS THHAMHYECKUE TPOIIECCHI
(ACTPA-JTHH), a taxxe mis pacuéra 1Mo BbIOOpY OCHOBHBIX pasmepoB (ACTPA-
JETAJIb) B COOTBETCTBHH C TpeOOBaHMAMH JEHCTBYIOIMX poccuiickux Hopm
IMHAD T'-7-002-86 (ACTPA-A2C), P11 10-249-98 (ACTPA-TIC), PTM 38.001-94,
I'OCT 32388-2013 (4CTPA-HE®TEXHM), P/1 10-400-01, T'OCT P 55596-2013
(ACTPA-TEIUIOCETbH), CHull 2.05.06-85, CII 36.13330.2012, TOCT P 559892014,
T'OCT P 55990-2014 (ACTPA-MAT'HCTP), TOCT P 556002013, P/1 PTM 26-01-44-78
(ACTPA-CB/]), PSP .4322-86, PASP.5137-73 (ACTPA-CYITPOM).

[MpuBeneHo TakXke oONMUCaHHE ceaHca pPadOT € KOMIUIEKCOM CeMelcTBa
ACTPA-HOBA’2021, Bxiodasi pe>XUMBI MPETPOLIECCOPHON ITOATOTOBKH HMCXOJHBIX
JIaHHBIX — nocTpoeHus pacdetHoi monenu (ITPE-ACTPA) — v mocTnpoLeccopHOit
o0pabotku pesynpratoB pacuetoB (IIOCT-ACTPA), cBOIKH TUArHOCTHYECKUX
COOOIIEHNH, MpPOUEAyphl HWHCTAJULIMM CEMEHCTBA, €ro COMpPOBOXKICHUS W
OOHOBIICHHSI.

B Bepcun ACTPA-HOBA’2021, smisiomieiics 3aKOHHOW W JTOCTOHHOM
IIpeeMHULIEH IIOKOJICHUS kommiekcoB ~ ACTPA-AC u  ACTPA-T3C
“nonepconansHoi” 3pel (1976—-1989 rr.), arrecroBanHoil B ['ocatomHamzope PD
Bepcun 6.1 xommuexkca ACTPA-AJ3C (arrectaumoHHeld macmopT Ne 40 or
21.12.1995r.), xomrutekca ACTPA-ADC’2009, arrectoBaHHblii B Pocmexuadsope
(atrecranmonnsiit macmopt Ne 292 ot 14.04.2011 r.), Bepcuu Ha EC 3BM, VAX/VMS
u [15BM) u pannux Bepcuit ACTPA-HOBA (6.2, -99, -2001, -2003, -2005, -2007, -
2009,-2011,-2013,-2015,-2017), peanu3oBaHbl MOIYJIH pacdyeTa Ha MNOPOYHOCTH
tpybonpoBogoB Ttemnocereid (ACTPA-TEIIVIOCETD) v MarucTpaibHbIX TIa3o-,
Hedre- m HepTenpoaykronpoBonoB (ACTPA-MATHCTP). Ilporpamvmel ACTPA-
T3C, -HE®TEXUM, -TEIUIOCETh, -MAT'HCTP, -CB/J] , -CYJIIPOM B
OUYepeHON pa3 CepTUPHUIHUPOBAHBI B “‘OpraHe IO CepTU(UKAIMH IIPOTPAMMHON
mpoaykuuu B crpoutensctBe” OOO LCIIC Ha cooTBeTCTBHE TpPeOOBAHUSIM
CIIeIyIOLIMX HOpMaTuBHBIX Aokymenros: PJI 10-249-98, PJI 10-400-01, I'OCT P
55596-2013, PTM 38.001-94, I'OCT 32388-2013, CHull 2.05.06-85, CII
36.13330.2012, I'OCT P 55989-2014, I'OCT P 55990-2014, I'OCT P 55600-2013, PJ]
PTM 26-01-44-78, P/I5P.4322-86, P/I5P.5137-73, CHull 2.01.07-85, CII 20.13330.2016,
CHull 11-7-81, CII 14133302018, (cepruduxar coorBerctBusi Ne POCC
RU.CII15.H00100, cpox netictBust ¢ 01.07.2009 r. mo 01.07.2011 r., ceprudukar
cootBerctBust Ne POCC RU.CIT15.H00415, cpox peiictBus ¢ 01.07.2011 r. mo
30.06.2013 1., ceprudurar coorBerctBust Ne POCC RU.CII15.H00630, cpox
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Kommnuexe nporpamm ACTPA-HOBA'2021

nevictBust ¢ 12.07.2013 r. mo 11.07.2015 r., ceprudurar coorBerctBusi Ne POCC
RU.CIT15.H00848, cpok naeiictBust ¢ 13.07.2015 r. mo 12.07.2017 r, ceprudukar
cootBercTBUsI No RA.RU.AB86.H01034 cpok netictBusa ¢ 13.07.2017 no 12.07.2019
r., ceprudukar coorBercTBrs No RA.RU.AB86.H01185, cpok neiicteus ¢ 06.08.2019
r. mo 05.08.2022 r.).

CylIecTBEHHO PacHIMPEHBI BO3MOKHOCTH “TPaJULIMOHHBIX PacueTHBIX Mpe-
u nocrtnpoueccopa (ITPE-ACTPA u IIOCT-ACTPA), peanu3oBaHa IBYCTOPOHHSI
cs3p ¢ msBectHeiMu CAIIP TII'C (CADWorx/PIPE, PDS, SmartPlant 3D u mp.).
JIOTIOMTHUTEIPHO  PEaM30BaHBl: OTPBIBBI  TPYOONPOBOMOB OT ONOp TPEHHA
(OIHOCTOpOHHHE CBSI3M), BA3KOYIpyTrHe nemiiepsl, COOCTBEHHBIE TEMIIepaTypHBIC
MepeMEIIeHUs] MPOMEKYTOUHEIX OIOp, OO0OJNOYEYHAs MOJATIMBOCTH HE TOJIBKO
otBomoB (dddexr Kapmana), HO © TPOHHHMKOBBIX COEAMHEHHH, OIIEHKa
TepMETHYHOCTH (hraHIIeBRIX COCIMHEHUII, pacuer HaIPSHKCHUN B
“HEeHOPMATM30BAaHHBIX ~ JIMH30BBIX M CHIb(QOHHBIX KOMIEHCATOPAX, MOMCK KOJUIM3HUN
B ICXO/IHOM H 1e()OPMUPOBAHHOM COCTOSIHHSIX, MHOTO APYTHX MOJIE3HBIX (DYHKIIUH.

BaxHbIil Ka4eCTBEHHBIN 1IAr CEJIaH U B YTOUHEHHOM YYeTe CTaTUYECKHUX U
JUHAMUYECKHX XapaKTEPUCTHK CIIOXKHBIX MOACUCTEM (JI€Talli, ONOPHBIE KOHCTPYKIIH
n obopynoBaHue) B cocTaBe oOOIed Mojenn TpyOONpOBOJHONH CHUCTEMBI —
(dopMHpOBaHHE M UCIIONB30BAaHHE T.H. PEIYLUPOBAHHBIX CYNEPIIEMEHTHBIX MaTpHIL
BIUsIHHS (JKECTKOCTH, Macc, Harpy3ok) Kpeiira-bemnrona.

B cocraBe u npu momHOU coBmectumoct ¢ ACTPA-HOBA’2021 (a takxke
aBTOHOMHO) noctaBisiercs moacucremMa ACTPA-CTA/[HO s yTOYHEHHOTO pacyera
TEMIEpPaTypHBIX  TOJIeH,  HaNpsKCHHO-ISe(OPMHPOBAHHOTO  COCTOSHHUSA (IO
MIPOCTPAHCTBEHHO-000JIOYEYHBIM ¥ TPEXMEpPHBIM CXeMaM MeTOAa KOHEYHBIX
QJIEMEHTOB), CTaTHYECKOW, NHUKIUYECKOM W CEHCMHUYECKOH MPOYHOCTH TSKEIO
HAarpy’»KCHHBIX JeTaned TpyOONMpOBOJOB — OPTOTOHAJBHBIX M KOCHIX TPOIHHMKOB
(cBapHBIX U IMITAMIOBAaHHBIX, C HAKJIAJAKAMH U TUIAKUPOBKOI), OTBOJIOB U THOOB (B TOM
YHCIie, CEKTOPHBIX C YYETOM JIUIMNTUYHOCTH M TEPEMEHHON TOJNIIMHBI CEYEHHs),
KOCBIX CTBIKOB, KOHMYECKHX II€PEXOJIOB, JIMH30BBIX/CHIBL(OHHBIX KOMIIEHCATOPOB,
cBapHbIX coenuHenuit u np. [omguepkuem, uto ACTPA-CTAHO siBnsieTcs MOLTHBIM
WHCTPYMEHTOM HE TOJIBKO B pYyKax pacueTYMKa-IPOEKTHPOBIIMKA, HO M (B elle
GoutbIIIe CTETICHH, 110 CYTH, O€3aIbTEPHATHBHO) — HCCIIEA0BATEIS M AUATHOCTA.

Hacrosmas Bepcust nomyckaer pacieTHoe 00OCHOBaHHE CYIIECTBEHHO Ooiee
CJIOHBIX TPYOONPOBOIHBIX CHUCTEM (C OLIYTHMO OOJBIIEH CKOPOCTBIO CYETa) MpH
MOTHOW COBMECTHMOCTH IO HCXONHBIM JaHHBIM UM TPH IOATBEPKICHHOM
HUICHTUYHOCTH COTIOCTaBUMBIX PE3YNIbTaToOB ¢ Bepcmsimu 6.1, 6.2, -99, 2001, 2003,
2005, <2007, 2009, ‘2011, 2013, 2015, 2017.

JlokyMeHTanuss 0 BCEMY CEMENCTBY BBIXOJUT B KOMIIAKTHOM ‘‘KapMaHHO-
KopobounoM” (opmate, mocrasisiercst B Oymakaom Buae, Word- u pdf-caiimamu. C
YYeTOM BBIMIECKA3aHHOTO BBIMYIICHBI TAaKKe OTIENbHBIC TOJTHOIICHHBIE JOKYMEHTHI
Obwee onucanue. Ilpunosicenus (TMONe3Has, HO HeoOs3aTeNabHAS IS “pSIOBOrO”
nonb3oBarens uHpopmanust), Ceanc pabomor 1 ACTPA-CTAJHO. Obwee onucanue.
Ceanc pabomawl, KOTOPBIN BKIIIOYEH B KOMIUIEKT IIOCTABKH /M0.16KO JJISl TTOJIb30BaTEIeH
ACTPA-CTAJHO.
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“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2021

1. BBenenune

Kommuiekcol mporpamm cemeiictrea ACTPA-HOBA’2021 (Bepcus aist
IBM-coBmectumbix, penu3 202105), akkyMmyJIHpyrOIIHE MHOTOJETHUH OIBIT
pa3paboTOK W HMHTEHCHUBHOW OJKCIUTyaTallMM, NpeAHa3Ha4YeHBbl I IOBEPOYHBIX
pacdeToB INPOM3BOJBHBIX IPOCTPAHCTBEHHBIX PAa3BETBICHHBIX W TPOTSHKEHHBIX
TpyOOIIPOBOAHBIX CHUCTEM aTOMHBIX M TEIUIOBBIX (mapa W Topsiuedl BOJBI)
9HEPreTHYECKUX YCTAaHOBOK, HE(TEXMMHYECKHX H HedTrenepepadaThIBAIONINX
MPOM3BOJCTB,  TEIUIOBBIX  CE€TeH,  MarucTpajbHBIX  ra3o-, HepTe- W
He(TEIPOAYKTOIIPOBOIOB, TPYOONPOBOJOB BHICOKOTO MJABIEHUS M CYIOBBIX
TpyOOIIPOBOAOB HA CTATHYECKYI0O M IHUKJIMYECKYI0 IPOYHOCTH (IPOTrpaMMHBIE
Monynu ACTPA-CTALl n ACTPA-CTA/IHO), na ceiicMHUYecKue BO3JCHCTBUSA,
3aJaHHBIE CNIEKTpaMH OTBeTa M akceneporpammamu (ACTPA-CEHCM, ACTPA-
CTA/IHO), Ha BHUOPONPOYHOCTH JJSI YCTAaHOBUBIIMXCS PEXKHUMOB MOHO- H
nonurapmMonndeckux konedanuii (ACTPA-BHBP) w Ha HEyCTaHOBUBIIHECS
nuHamudyeckue uponeccsl (ACTPA-/IHH) B COOTBETCTBHM C TpeOOBaHUSAIMU
JeHCTBYIONINX POCCHUHCKMX HOPMaTHBHBIX nokyMeHTOoB Hopm ITHAD I'-7-002-86
(ACTPA-ADC), PO 10-249-98 (ACTPA-T3C), PTM 38.001-94, TOCT 32388-
2013 (ACTPA-HE®TEXHM), P 10-400-01, TOCT P 55596-2013 (ACTPA-
TEIIVIOCETH) n CHuII 2.05.06-85, CII 36.13330.2012, TOCT P 559892014, TOCT
P 55990-2014 (ACTPA-MAT'HCTP), TOCT P 55600-2013, PI PTM 26-01-44-78
(ACTPA-CBJ), PI5P.4322-86, PHSP.5137-73 (ACTPA-CYAIIPOM) B mporecce
aBTOMATH3MPOBAHHOTO MPOCKTUPOBAHUS U (MJIM) AMATHOCTUKH-MOHUTOPHHTA.

B cocraBe u npu nonuoit copmectumoctt ¢ ACTPA-HOBA’2021 (a Takxke
ABTOHOMHO) cymiecTBeHHO pa3Buta noacucrema ACTPA-CTA/JHO nns yTOYHEHHOTO
pacuera TemneparypHbix noned u HJIC (mo o0ooueyHBIM W TPEXMEPHBIX CXeMaM
METOJIa KOHEYHBIX OJJIEMEHTOB), CTAaTHYECKOW, ITMKIMYECKOH U CEeHCMUYECKOM
MIPOYHOCTH TSDKEJIO HArpy)KEHHBIX JeTaneil TpyOONpOBOJOB — OPTOTOHAIBHBIX H
KOCBIX paJuajbHBIX TPOWHHMKOB (CBAPHBIX W IITAMIIOBAHHBIX, C HAKJIAJKaMH |
TUTAaKUPOBKOH), OTBOJIOB, TMOOB M KOJEH (B TOM YHCJE, CEKTOPHBIX, C Yy4YETOM
MIPUCOEANHEHHBIX TPYO, MIMNTHYHOCTH M MEPEMEHHOM TOJIIMHBI CEUCHHMs), KOCBIX
CTBIKOB, JINH30BBIX M CHIIL()OHHBIX KOMIIEHCATOPOB, KOHMYECKUX MIEPEX0I0B, CBAPHBIX
COEJIMHEHU U Jp.

BaxxHbIil KaueCTBEHHBIN IIar c/leJlaH M B YTOYHEHHOM y4YeTe CTaTHUECKUX U
JUHAMHUYECKUX  XapaKTePUCTHK  CJIOXHBIX  TOACHCTEM  (A€Talu, OIOpPHBIE
KOHCTPYKIMHA W O0OpyIoBaHHE) B COCTaBe OOMmEH CynepIIeMEeHTHOW MOAeIH
TpyOOIIpOBOAHOH  cHCTeMBI —  (OpPMHPOBAaHME M  MCIOJNB30BaHHE  T.H.
pPEAYLUMPOBAHHBIX MATPHUI] BIUSHUS (KECTKOCTH, Macc W Harpy3ok) Kpeiira-
bemnrona.

Jpyroit mo CIOXHOCTH «IOJIOC» IHPOYHOCTHBIX PAcdeToB IPENCTaBIICH,
HauuHast ¢ Hacrosmeil Bepcun ACTPA-HOBA’2021, BHOBb pa3paboOTaHHBIM 10
MHOTOYHNCIICHHBIM «3asiBkaM nyonuku» monynem ACTPA-/JETAJIb — pacuer mno
BBIOOpPY OCHOBHBIX Pa3MEpOB JeTalIeH.

Bepcus ACTPA-HOBA’2021 nomyckaer pacdyeTHOe OOOCHOBaHHE
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CYIIECTBEHHO 0oJiee CIOXKHBIX TPYOONMPOBOAHBIX CHCTEM (C OONBIIEH CKOPOCTBIO
cdeTa) MpH MOJHONH COBMECTHMOCTH II0 MCXOJHBIM AaHHBIM U IPHU MOATBEPKACHHON
UICHTUYHOCTH PE3yJbTaToOB ¢ Bepcusamu 6.1, 6.2, <99, ‘2001, ‘2003, <2005, 2007,
2009, ‘2011,°2013 ,°2015, *2017.

Hacrosmmii JTOKYMEHT COAEPKHUT OIUCAHHE HOPMAaTHBHO-METOIMYECKHUX
OCHOB, pacyeTHBIX  Mojelieif, BBIYUCIUTENBHBIX  AJITOPUTMOB,  OCHOBHBIX
XapaKTEepUCTUK W BO3MOXKHOCTell kommuiekca mnporpamm ACTPA-HOBA’2021, a
TaK)Xe ceaHca pabOThI MTOJIH30BATENSI C KOMIUIEKCOM, BKIIFOUYasl TUAJOTOBYIO CHCTEMY
MTOTOTOBKY HCXONHBIX MaHHEIX (ITPE-ACTPA) n OCTIIPOIIECCOPHOE TIPEICTABICHHUE
pesynbratoB pacuera (IIOCT-ACTPA). llpuBomsarcst OCHOBHBIE CBEICHHS O
nByctoponneii cBsi3u ¢ usBectHeiMu CATIP TII'C (CADWorx/PIPE, PDS, SmartPlant
3D u np.). [IpuBoautcs omucaHne KOMIUIEKCA U MIPOLEAYPhI €r0 MHCTAIUIALINY.

IMporpammubie komiuiekcbl cemeiictBa ACTPA-HOBA’2021 neranbHO
JOKyMEHTHPOBAHBI M BEpU(ULINPOBAHBL.

Kopneroii “cucremoobpa3yrommii” komruiekc ACTPA-AIC Obu1 IEpBBIM U3
oreyectBeHHbIX [IK ammecmosan 6 I'ocamomnaosope P® (nacnopm Ne 40 om
21.12.1995 2, pee. Ne 9 om 05.06.1995 2.), 8 2009-2011 rr. mporien “miaHOByIO”
nepearrecTanuio B Pocmexunadsope (C y4eTOM BCEX HOBBIX BO3MOKHOCTEH, nacnopm
Ne 292 om 14.04.2011 2., pee. Ne 614 om 16.09.2009 2.), BHEAPEH B BeAyIIUX GrpMax
orpaciu (OAO “Atomanepromnpoext”, OKb “T'uapomnpecc”, [IK® “Pocaneproatom”,
CeepmnHUNXuMmMam, AO POC3II, 3A0 “Censaneprompoexr”’, OAO 31IOMAP,
3A0 “Texnonpoext”, HTL| I'ocatomuanzopa P®, 3A0 «PAOIIPOEKT», Kuesckuii
n XappkoBckuit “Oneprompoext”’, HIIO “Bekrop”, HTL] SPb Vxpauwnsi,
Enepronpoexr (bonrapms), Urnammuckas ADC w ngp.) m pge-¢akTo SBIIETCS
CTaHIAPTOM B “NOCTCOBETCKOW’ aTOMHOH »HepreTHke. HakomieH MHOTONICTHHH H
MHOTOTPaHHBIA OIBIT HIMPOKOTO BHEJPEHHs KOMIUIEKCA M €ro HCIIOJIb30BaHHS B
pacyeTHBIX HCCIEeNIOBaHUIX TPYOONMPOBOAHBIX CHCTEM, BaXHBIX JJsi 0€30MacHOCTH
Kypckoii, Cmonenckoit, Jleaunrpaackoii, bunnbunckoit, Konbckoi, 3amopoxckoi,
HoBoBoponexckoi, bamnakoBckoil, Bonromonckoit, ApmsaHckoi, benospckoit u
Urnanunckoit ADC, ADC “Koznonyi” u “benene” (boarapus), “Ilakur” (Benrpus),
“JloBnza” (dunnsaugus), “bymep” (Upan), “Kymankynam” (Uugus), “TsHbpBaHB”
(Kwurait) u mpoextoB AC HOBOTO MoKoneHus. IMeroTcs mojoxxuTenbHble pedepeHInn
CIICLMANCTOB BeAymMxX 3apyOexHbeix ¢upm Siemens AG (Iepmanus), EDF
(®pannus) n Westinghouse (CILA).

Kommnexkcst ACTPA-T3C, -HE®TEXHM, -TEIIVIOCETH, -
MATHCTP, -CBJl, -CYJIIPOM B ouepemHOW pa3 cepmuduyupoganvl 6
“opeane no cepmuuxayuu npocpamMmHol npooykyuu 8 cmpoumenvcmee” 000
LCIIC (cepruduxar coorserctBust Ne POCC RU.CII15.H00100, cpok neictBus ¢
01.07.2009 r. mo 01.07.2011 r., cepruduxar coorBerctBuss Ne POCC
RU.CIT15.H00415, cpok meiictBus ¢ 01.07.2011 r. mo 30.06.2013 r., ceprudukar
cootBerctBust Ne POCC RU.CIT15.H00630, cpox peiictBus ¢ 12.07.2013 r. mno
11.07.2015 r, ceprudukar coorerctBus Ne POCC RU.CIT15.H00848, cpok neiicTus
¢ 13.07.2015 r. mo 12.07.2017 r., ceptudukar coorBercTBUs  No
RA.RU.AB86.H01034, cpok ametictBus ¢ 13.07.2017 r. mo 12.07.2019 r., cepruduxar
cootBetcTBUst Ne RA.RU.AB86.HO1185, cpox peiictBus ¢ 06.08.2019 r. mo
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05.08.2022 r.) U HWCMONB3YIOTCA B “‘urarmMaHax” COOTBETCTBYIOIIUX OTPACIICH:
OAO “Artomanepromnpoekt”, OAO “C-II. Atomduepromnpoext, ®I'YII “I'CITN”,
YpanOpI'POC, IMUL “YpanTDII1”, OI'K-5 (ExarepunOypr), Kuesckuii
“Duepronpoekr”, “Ouepromami” (C-Iletepbypr), AO “Temmomnpoexr”’, OAO
3VUOMAP, Ilomonbckuif MamMHOCTpOUTENbHBINH 3aBoa, OAO "OMAupsuc"
(Homonbck), AO “Tunpoxuciopon”’, OAO “Mocaueprompoekt”, KazaHnckuii u
Huenponerpockuit ~ HUIIMOueprompom, 3A0  “3apyOexsHepronpoext”
(UBanoBo), UAL] “Ky3sbaccrexanepro”, AO “Kpacusiit kotensuuk” (Taranpor),
OAO “HNuxeHepHbIi LEHTp SHEPreTUKU VYpana” (ExarepunOypr),
Upkyrckanepropemont, 3A0 “KOTOC-Cubups” (HoBocubupck), HBII
“Typboxommext” (BmaguBoctok), HonOpI'POC ([onemk), “AsoBrumpomes”
(Mapuynons), bemdnepropemnananka (MwuHCK), “BuUIBHIOC 3JIeKTpUHAN”,
JIutosckass TPOC, “KasPocOueprollpoexr” (ITaBrnomap), AO “Psizanckuit HIIK”,
AO “JIVKOMJI-ITHOC” (ITepmb), AO “CnasHedrs-SIHOC” (Spocnasms), 110
“HAD®TAH” (HoBomonouk), AO BHUIIMHedTs, BonrorpanHUITMHedpTs, AO
JlenHUNXummam, AO HWpxkHHUUXummam, “Jlonac texHomomxku”’, IIO
“XuMTEeXHOJIOTHS” (CeBepnonenk), OAO “AHrapckHe()TEeXUMIPOEKT”,
Casuckuii “Ilomumepminact”, AO “OmckuedTexumnpoekr”’, AO “Kpruorenmam”,
Yxkpuedrexummnpoekr, HII3 Komcomonsck-na-Amype, IOxHUUTunpol'a3
(Honenk), OO0  “VYpanllpombesomacuocts”, TVII  “Mocunxnpoekr”,
“Mocnpomtpancnpoektr”’, OAO “MockoBckas TemnocereBas kommanus”, AO
“Unxleo” (Kpacnomap), BHUIIUTpancraz (Kues), HTL| “Hanpmmrasmpom”,
I'mmpoTioMenHedTEra3, BO MHOTHX CPEJHUX M MalbIX pupmax.

Vuausepcurerckue Bepcun ACTPA-HOBA 1mwpoko UCIONB3YIOTCS B
mponecce OOy4eHHs, NPAKTUKH, IWIUIOMHBIX PAa0OT M HCCIEAOBAHUH CTYACHTOB
/acTIMpaHTOB/IOKTOPaHTOB/TIpenofaBaTenct  psgom Beaymmx BY3os: MICY
(MHUCH), MBU (TY), MI'TY um. baymana, Axanemus Hedt u raza uM. ['yOkuHa,
Mepmckuii, HWpkyrckuid, Ydumckuii, Opnosckuii u  VBano-®paHkoBckuit
TEXHUYECKHUE YHUBEPCUTETBI, Pl JPYTHX.

Hexoropble cpaBHUTENbHBIE XapakTepucTuku Bepcuit 2001 (2001r.) mn
‘2021, npuBeneHHBIC HIKE, YOSUTEIFHO CBUIETEIBCTBYIOT O BIIEYATIISAIOIIEM POCTE
BBIYMCIUTENBHBIX ~ BO3MOXXHOCTEH, TIO3BOJSIIOIIMX TEMEeph MOJCIMPOBATh U
aHAIM3MPOBATh TPYOOIIPOBOJHBIE CHCTEMBI IPOU3BOJIBHOM CIIOKHOCTH.

(i XapakTepUCTHKH ACTPA 2001 ACTPA’2021
[Urcrio y3moB CTHIKOBKH CymepaeMeHToB 1-250 0-4000
[Unciio HepasBeTBIIEHHBIX CynEpIeMEHTOB 1-500 1-4000
"LII/ICJ'IO «MATPUYHBIX» CYNEpPIIEMEHTOB — 0-4000
[Yrco snementor (oTpeskon) 2—20000 1-1600 000
[Yrcno nuramuueckux creneneii cBOGOIBI 3-1500 1-60 000
[Yrcno cobeTBennbIX YacTOT H hopm 1-200 1-4000
[UricI10 aroB MHTErPUPOBAHKS 1O BPEMEHH 1-600 1-60000
“CropocTtp” cueta (yCIOBHBIE €IMHHIIBI) 5 10-20

Tun [IT9BM (He HiKe) Pentium IBM-cosmecmumoie
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32Mb RAM 512Mb RAM

NDP Fortran | Intel Visual Fortran 13,

(OCHOBHBIE SI3BIKU nporpamMmm Grafor, Connel Visual C++, FaStReport

Cymmupyst  MHorouucieHHble  npeumymectBa ACTPA-HOBA’2021,
AMEIOIIAE BaXXHOE CAaMOCTOSTEIBHOEC 3HAYCHUE, KOHCTATHPYEM BIICPBBIC B
OTEYECCTBECHHOH MPAKTUKE JOCTUTHYTHIN U 3aKPEIUICHHBIA YK€ MHOTOJICTHUM OIBITOM
HCIIOJIb30BAHUsI KAYECTBEHHO HOBBIA YPOBEHb KOMIUIEKCHOIO aBTOMATHU3WPOBAHHOIO
pacyeTHOro  OOOCHOBaHMSI ~ CTATHYECKOM M I[HMKIMYECKOW  MPOYHOCTH,
CEeMCMOCTOMKOCTH, BHUOPALMOHHOM W JUHAMHYECKOW MPOYHOCTH HA JOCTYITHBIX
MEPCOHANBHBIX  KOMIIBIOTEpAX:  mpyOOnpoBoOHble  CUCHEMbl  HPOU3BONbHOU
CIONCHOCMU MOJCHO (U cledyem) oOnepamugHo U MOYHO MOOEIUPO8aAms C
UCHONIb30BAHUEM NPEUMYUECTNE PEeATU308AHHBIX COBPEMEHHBIX YUCIEHHbIX MEmO000s,
Windows- u CAIIP-mexnono2uti, aunamuzuposams 6 MNOAHOM COOMEEMCMEUU C
mpebosanuamMu  0eUCmEyIoWUx POCCUUCKUX HOPM U ORIMUMU3UPOBAMb  HO
NPOYHOCMHBIM — KpUMeEpUaMm, He npube2asi K GbIHYICOCHHbIM U, 3A4ACMYIO,
He0OOCHOBAHHBIM YNPOUCHUSIM U YMOTYAHUSM.

Kommekesr mporpamm cemeiictBa ACTPA-HOBA’2021 paspabotaHsl B
3A0 “Hayuno-uccnenoBarensckuii  nmentp Cra/luO” (HUL[ Cra/luO) mon
PYKOBOJACTBOM T'€HEPAIIBHOIO JUPEKTOpa, dieHa-koppecnonaeHta PAACH, nokropa
TEXHUYECKUX HayK, npodeccopa bemocronkoro A.M., OTBETCTBEHHBIC UCTIOIHUATEIN
— 1. cnenmanmuct BoponoBa I''A., rn. cmemmamucr Ilotanmenko A.JL., Hay4HBIHA
cotpynHuk Ayn A.A., umxenep Kymnapenko W.B. u Hayunsiii cotpyauuk Kienen
0.10. B pazpaborke npuxHumanu yuyactue cT. umxeHep lumkuna A.H., umxenep-
matematuk Harmbosmu AWM. u wumxenep [smuenxo HO.M., B TectupoBaHUH
AITOPUTMOB U TIporpamMm — Ben. umxkeHep Konosurkas JI.B., Hay4dHBIH cOTpyaHHK
Ayn A.A. n x.1.H. uxenep Octposckuit K.1., B TOKyMEeHTUPOBaHUU — BeJl. HHKEHEP
Tpodumosa I'.U., cr. umxenep IlerpoBa O.A., pedepentsr Pynkas C.A. u Pynkas
AM.

B nmKeHepHO-TIpaKTHYECKOH TTOCTaHOBKE psifia 3371a4 M aHAIW3E IMONyYEeHHBIX
pE3yJIbTaTOB AEATENbHOE ydacThe NpuHuManu crenuamuctel “Tuaponpoexr” u OAO
“Aromanepromnpoext” (Pymkoit A.B., Mebens B.A., HoBukoBa W.B., Ocmmora 3.H.,
UYexmapes E.C., ITomonsckas E.I1., Kotosa H.B. u np.), OKB “T'unponpecc” (JIskumepa
M., Cepomran C.H.), AO “POC3IIT” (Xpomoa W.B.), IIK® ‘“Pocaneproarom”
(ByouoB E.®.), AO “Kpmorenmamr” (Xosauckuit J[.A.), ®I'VII “Mocumknpoext’
(Kymuxor B.B., HOnycor 10.Y.), HIIO “Crpoitmomnmep” (OpumnaukoB /[.B.), AO
T'unpotromenredreras (Jlmmaps O.H.), Kuerckoro “Dueprompoekra” (Llamuc JLB.,
Antonenko I'.W., T'onyapenko JL.®.) , OAO “MockoBcKkasi TerioceTeBas KOMMIaHus
(Jletitman AW, JlapuenkoB A. B.), OIK-5 (Akyneuko B.B.), OAO
“BHUMHEDTEMAII” (Bonedpcon B.C.) u “EMT R” (abiHe — “CoOQTUHXUHUPHHT
Menemkment”) — ¢upmbl-guctpudstotopa ACTPA-HOBA (Jloxtes B.JI., IMansBkun
B.M., Tomopkosa FO.H., Benos A.IO., CaBenses B.I1.).
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[Ipomenmme TOOBI TONBKO YBENWYMBAIOT IIEHHOCTh BKIaga (M HaIIy
OJaroJapHoCTh  “BKJIaUUKaM’’), KOTOPBI BHECIM B WHHUIIMUPOBAHUE ‘‘CTAPTOBBIX
Bepcuit ACTPA-ADC (1976-1980 rr.) J1.J1. KocroBenkuii u A.M.Petino (HITO LIKTH),
H.M . Sxy6ouu (benopycckuit BHUIIMOnepronpom), E.I'Ilukyc u E.A.Bamrypos
(T'unponpoexr).

CemeiictBo mporpamMmHbIX KomiuiekcoB ACTPA-HOBA’2021 neransHO
Bepudunmposano, mpouuto arnpodanuo B 3A0 HULL Cra/luO n Bexynmwx HaydHO-
HCCIIeIOBATENbCKUX U MTPOEKTHO-KOHCTPYKTOPCKUX (PUpMax MpOQHIbHBIX OTpacieH.
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2. HopMaTHBHO-MeTOJUYeCKHE OCHOBBI, HCXOAHBIE IAHHBIE H Pe3yJIbTaThI
pacyeToB

2.1. PacuyéT mo BHIOOPY OCHOBHBIX pa3MepoB

Pacuér mo BHIOOpY OCHOBHBIX pa3MepOB OCYLIECTBIISIETCS B COOTBETCTBHU C
nonoxxenusmu Hopwm [1-12].

Pacuer BrITIOTHACTCS HA OCHOBAaHWH CIEAYIOIINX HCXOTHBIX TaHHBIX:

1) reometpus (oceBas muHMA) Aetand (-eif) TpyOompoBoaa. st e€ BHeceHUS
B Pacu€THYIO MOJIETIb BO3MOJKHBI J[BA ITOJIX0/1a:

1.1. Tlpu nHeoOxommMOCTH pacyéra OTHENBHBIX JAeTaynell TpyOompoBoaa
JOIMYCKaeTCsl WX 3aJaHhe HE CBA3aHHBIMU Jpyr C JApyroM. B sTom ciyuae
HEOOXO/IMMBI HCXO/IHBIE ITAHHBIE, MIepeUncieHHble Hike B 2.1.1 — 2.1.4;

1.2. Tlpu mpoBeneHUH pacuéra MO BHIOOPY OCHOBHBIX Pa3MEpPOB NI yiKe
CKOMIIOHOBAaHHOW TPYOOIPOBOJIHOM CHCTEMBI BO3MOXKHO BHECEHHE B pacyér aeTajen
TpyOOIIPOBOAA C MPHUBS3KOM K MX MECTOIOJIOXKEHHIO. B 3TOM cilydae NOMONHUTENBEHO
TpeOyIOTCs CIeqyIOIINe JaHHBIE:

a) aKCOHOMETpHYECcKas cxeMa TPyOONPOBOAHON CHCTEMBI, KaK MPABHIO H
JKeJaTeJIbHO, B OOIIEH CO CTPOUTENBHBIMH KOHCTPYKUMSAMH (TIPH HX HAJIWYHH)
MPaBOCTOPOHHEH JekapToBoii cucteme koopauHat X; (X), X; (YY), X3 (Z), rae ochk X,
KaK IIPpaBWJIO, HANlpaBjeHa BEPTUKAIBGHO BBEPX, OCh X; — B HalpaBJIeHUH, 00paTHOM
0003HAUEHNIO CTPOUTENBHBIX Ocell, och X, — B HAIPaBJICHUH, OOPATHOM HyMepaIin
CTPOWTENBHBIX PSIOB; JOIMyckaercs (a IMs psifga KOMIIOHOBOK — YyIOOHO) 3aJaHHe
CXeMBl WIH ee¢ (parMeHTOB B IMIMHAPHYECKOW W (Wim) cepudecKkoil cmcremax
KOOP/IMHAT;

0) ykazaHHe MECTOIOJIOKEHUSI U CHEeHU(PHUKAIMH COPTaMEHTa NPsAMbIX TPYO,
HePEXOHUKOB, OTBOJIOB (IMOOB, KOJIEH U CEKTOPHBIX) U KOCBIX CTBIKOB, TPOHHUKOBBIX
y3JI0B (CBapHBIX, CBapHBIX C YCWIMBAIONMMH HAKJIQJKaMH, [ITaMIIOBaHHBIX H
LITaMITOCBAPHBIX, KOBAHHBIX).

He cmotpst Ha GoibIyi0 TPyOEMKOCTh BTOPOTO MOAXOA, OH OKa3bIBAETCS
OoJiee parMOHAIBHBIM, €CIIM TIOC]e Pacdéra 10 BHIOOPY OCHOBHBIX pa3MepoB Oyner
TIPOBOANTHCS TIOBEPOYHBINA pacdET TpyOOIPOBOAHOM CHCTEMBI Ha MIPOYHOCTH. B aTOM
cllydae OKa3bIBAeTCsl, YTO OOJbIIas YacTh HCXOAHOW HHGpOpManuu (reoMeTpHs,
JEeTAINPOBKA, PU3UKO-MEXaHUIECKUE XapaKTEPUCTHKN MaTepHaJIOB, YacTh pacyETHBIX
Harpy30K M BO3ACUCTBHIA) 1O TPyOOIPOBOAY yke cpopMHUpOBaHa, M, TAKIM 00pazoMm,
MOJeNb UIA pacdéra MO BHIOOPY OCHOBHBIX Pa3MEpOB KaK C BHECEHHBIMH B Heé
pe3yabpTaTaMi 3TOro pacuéra (HOMHHAIBHOW TOJNIIMHOM CTEHKH S, JHOO IeTalsiMH
TpyOOIPOBOZOB M3 COpPTAMEHTAa) TaK M 0e3 TaKOBBIX, MOXKET SBIATHCA HMPOTOTHIIOM
MOJIEJTH IOBEPOYHOTO pacyéTa Ha MPOYHOCTH TPYyOOIPOBOAHOM cUCTEMBI (cM. 2.3).

[lepBbie nBE TpyNIBI AaHHBIX, cocTaBisonme 95% Beero o0beMa UCXOHOM
UHPOPMALIMU, B COBPEMEHHBIX YCIOBHUSX MOXHO (M JOJDKHO) C(HOPMHPOBATH C
HCIIOJIb30BaHUEM BCTPOCHHBIX MOMOJIHAEMBIX 0a3 JaHHBIX (IO AETalsiM U CBOMCTBaM
MarepuanoB) nubo B npenpoueccope ITPE-ACTPA, nu6o cpencrsamu CAIIP TII'C
(manpumep, CADWOorx/PIPE, PDS), a 3atem akcnioptupoBats B ACTPA-HOBA.
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Ha ocHOBaHMM yKa3aHHOM Bblmle HMHOOPMALMK C  [IPUBJIEYEHUEM
cootBerctByromx  OCTos, TI'OCToe u Hopm [1-64] dopmupyroTcs
(HETOCPEACTBEHHO MJIM C WCIOJL30BAHMEM BCTPOEHHBIX 0a3 JaHHBIX MO AETAJISM,
CBOMCTBAM MaTepHalioB M MapaMeTpaM Harpy30K-BO3AEHCTBHI) MPUBEIEHHBIE HUKE
UCXOIHBIE JaHHBIE, HEMOCPEACTBEHHO UCTIONL3yEMBIE B PACUETaX.

2.1.1. TeomeTpuuyeckHe XapaKTepUCTHKH Ce4YeHHUH NPAMBIX TpYyoO,
0TBO/I0B, IePeX0/10B H TPOHHHUKOB

D — HOMUHAJIBHBIN HapyXHBIM JUaMeTp ceueHus TpyOs! (pa3aeiKu 1Mo
CBapKy, KoJieHa, Tnba, mepexo/a, MTylepa Wik KopIryca TPOWHHKA).
3anaércst npu Mo g00pe HOMUHAIBHON TOJIIIMHBI CTEHKH, MM;

Dy — YCJIOBHBIN quametp (Mpoxoi) aertaieli TpyoompoBoaa. 3amaércs B
cllydae BBIOOpa AeTajeil u3 copTaMeHTa, MM,
R — paanyc OCH KpUBOJMHEHHOW TpyOBI (rnba, KojeHa, CeKTOPHOTO

KOJICHA), MM.
2.1.1.1. ACTPA-ASC, CYAIIPOM.

Ss — TOJIIMHA CTEHKH IITyIlepa B 30HE “TIPHiINBa” TPOHHHUKOBOTO Y3IIa,
MM;

Sm — TONIIWHA CTEHKH MAaruCTPaId B 30HE “IpPHINBA’ TPOHHHKOBOTO
y3I1a, MM;

c — pacuerHas prOaBKa K TONIIIHE CTEHKH TPYOBI, MM;

A(@) — 2WIMNTHYHOCTH (OBAJBHOCTB) MOIEPEYHOTO CEUYEHHs THOA WIIH

KoJieHa (OTHOILICHHE PAa3HOCTH MAaKCUMAaJbHOTO W MHUHHMAJIBHOTO
Hapy>KHOTO JHaMeTpa CEYeHUs K UX Hoiaycymme), %o.

2.1.1.2. ACTPA-TIC:

c — pacueTHas nprOaBKa K TONIIMHE CTEHKH TPYOBI, MM;

A(@) — 2WIMNTAYHOCTH (OBAJBHOCTH) MOIEPEYHOTO CEYEHHS THOA WIIH
KoJieHa (OTHOILICHHE PAa3HOCTH MAaKCUMAaJbHOTO W MHUHHMAJIBLHOTO
Hapy>XHOT'O AMAMEeTpa CEYEeHHs K UX Moiycymme), %o;

TypRed— tumn nepexosa: KOHICHTPUYCCKHUI UITH SKCICHTPUYCCKHUIA.

2.1.1.3. ACTPA-HE®TEXHM (PTM 38.001-94):

¢ — pacueTHas MpuOaBKa K TOJIIUHE CTEHKH TPYObI, MM;

A(@) - 2MIMOTHYHOCTH (OBAJBbHOCTH) MOMEPEYHOro CeYeHHs ruba WK
KoJieHa (OTHOILIEHWE Pa3sHOCTH MaKCUMAaJIbHOTO W MHUHHMAJIBHOTO
Hapy>XHOTO AWAMETpPa CEYEHHs K UX MOycyMme), %o;

TypRed- tun nepexona: KOHISHTPUYECKHUI UK SKCLEHTPUYESCKHU.

2.1.1.4. ACTPA-HE®TEXHM (I'OCT 32388-2013):

TypElb — Tun ortBoma: THyThle W KpyTomsornyteie (1), cekropubie (2),
IITaMIIOCBAaPHBIE CO CBAPHBIMH LIBAMH B IUIOCKOCTH KPUBHU3HBHI (3),
IITaMIIOCBAapHEIE CO CBAPHBIMH IIBAMH 110 HEUTPaIbHOH JTHHUH (4);

TypRed— tun nepexoza: KOHUSHTPUYSCKUI HITH IKCLIEHTPHYCCKHIA;

TypTee — Tum TpoiiHuKa: cBapHOH (1), CBapHOIl ¢ YKPEIIIAIOMUMHU
HakjiIagkamu (2), mraMmrnocBapHoil (3), IITaMIOBAaHHBIA C TSHYTOH
TOPJIOBUHOI (4);

Cuy — npubaBKa JJIsi KOMIIEHCALUH JIONYCKa Ha MUHUMAIIBHYIO TOJIIHHY
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CTEHKH 3arOTOBKH, MM;

C12 — mpubaBKa Ui KOMIIEHCAIMM MAaKCHMAIBHOTO YTOHEHUS IIPH
TEXHOJIOTUYECKUX OTEPAIHsX, MM;

C, — nprOaBKa ik KOMIICHCAIIMYA KOPPO3UHU U DPO3UH, MM;

o — YroJ cKoca CeKTOPHOTO OTBOJIA, IPa;

Nps — BBICOTA OTBETBJICHUS TPOWHHUKA, MM;

hy — BBICOTA TOPJOBHHBI INTAMIIOBAHHOTO WJIM IITAMIIOCBAPHOTO
TPOMHUKA, MM;

Sp — TONIIWHA TOPJOBHHBI INTAMIIOBAHHOTO WIIM IITaMIIOCBAPHOTO
TPOMHUKA, MM;

r — paadyc TOPJIOBHHBI INTAMIIOBAHHOTO WM IITaMIIOCBAPHOTO
TPOMHHUKA, MM;

b, — IIMPHUHA YCUIINBAIOIIEH HAKIIAJKH, MM;

Sn — TOJNIIUHA yCUIMBAIONIEH HAKIAIK1, MM;

A(@) - 2WMOTAYHOCTH (OBAJBHOCTH) MOIEPEYHOTO CEeYeHHs THOA WIIH

KoJieHa (OTHOILIEHHWE Pa3sHOCTH MAaKCUMAaJIbHOTO W MHUHHMAJIBLHOTO
Hapy>KHOTO JHaMeTpa CEeUeHH K UX HoIaycymme), %;

Le — 3¢ dexTrBHAs JUTMHA TPYOBI, MM;

ny — KO3 PHUIIUEHT 3araca MECTHOH yCTOHYHNBOCTH.

Ipu nanuuuu xoney sscécmrocmu OONOTHUMENLHO 3A0AIOMCA Cledyioujue

oaumvle:

| — paccTosTHUE MEXy OCSIMH KOJIEI] )KECTKOCTH, MM;

Ik — MIMPHHA TIOTIEPEYHOTO CEYECHUs KOJIbIA )KECTKOCTH B MECTE €ro
MPUBAPKH K TPyOe, MM;

Ay — TI0M[Ab TOMEPEYHOr0 CEYCHHS KOMbIIA KECTKOCTH, M’

Iy — MOMEHT HHEpLUUH IIONEPeYHOro CEUCHUs KOJbIa >KECTKOCTH

OTHOCHTEIIFHO OCH, TIPOXOISIIEH uepe3 IEHTp THKECTH, M

€ — PaCCTOAHUC MECKAY HCHTPOM TAXKECTH IONCPEUYHOI'0 CCUCHHUA

KOJITbIIa )KECTKOCTH U CPETUHHOMN ITOBEPXHOCTBIO CEYCHUS TPYOBI, MM.

16

2.1.1.5. ACTPA-TEIIVIOCETb (P[] 10-400-01):

c — pacueTHas npubaBKa K TONIIMHE CTEHKH TPYOBI, MM;

TypElb — Tun otBoma: rHyThle u KpyTomsornyteie (1), cekropbie (2),
HITaMITIOCBapHBIE CO CBapPHBIMH LIBAMH B IUIOCKOCTH KPUBHU3HBHI (3),
HITaMIIOCBAapHBIE CO CBAPHBIMHU IIBAMU 110 HEUTpaIbHOM IUHUY (4);

TypRed— tun nepexosa: KOHUCHTPHYESCKHN M SKCLEHTPUYECKUil;

TypTee— tun TpoiiHuka: cBapHoil (1), CBapHOW C YKPEIUIIOMIHUMHU
HakJ1aJKaMu (2), ITaMIIOBaHHbIH U mTamriocBapHoi (3);

r — paznyc ropJIOBHHBI IITAMIIOBAHHOTO TPOMHUKA, MM;
b, — IIMPUHA YCHIMBAIOIIEH HAKIIAAKH, MM;
Sn — TOJIIIMHA YCHJIMBAIONIEH HAKITAIKH, MM.

2.1.1.6. ACTPA-TEIVIOCETbH (I'OCT P 55596-2013):

TypElb — tun otBoma: rHyThle M KpyTomsornyteie (1), cekropmbie (2),
IITAMIIOCBAPHBIE CO CBAPHBIMH IIIBAMH B TUIOCKOCTH KpWUBH3HHI (3),
HITaMIIOCBAapHBIE CO CBAPHBIMHU IIBAMU 110 HEUTpaIbHOM IUHUY (4);

HUIL CtaluO
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TypRed— tun nepexosa: KOHUEHTPUYSCKUIA HITH IKCLIEHTPHYCCKHUIA;

TypTee — Tum TpoiiHuKa: cBapHOH (1), CBapHOIl ¢ YKPEIIIAIOMIUMHU
HakjiIagkamu (2), mraMmnocBapHoil (3), IITaMIOBAaHHBIA C TSHYTOH
TOPJIOBUHOI (4);

Cn — npubaBKa Ui KOMIIEHCAI[H JIOIyCKa Ha MUHUMAJIBHYIO TONIIHHY
CTEHKH 3arOTOBKH, MM;

Ci2 — mpubaBKa Ul KOMIEHCAlMM MAaKCHMalbHOTO YTOHEHHUS IpU
TEXHOJIOTUYECKUX ONepaltsix, MM;

C2 — mpubaBKa 11 KOMIIEHCALUH KOPPO3HUH B SPO3HHU, MM;

a — YroJ cKoca CeKTOPHOIO OTBOJA, FPaj;

Nips — BBICOTA OTBETBJICHUS TPONHUKA, MM;

hy, — BBICOTA TOPJOBHHBI INTAMIIOBAHHOTO WM IITaMIOCBapHOIO
TPOMHHUKA, MM;

Sp — TONIIUHA TOPJOBHHBI INTAMIIOBAHHOTO WIHM IITaMIOCBApHOIO
TPOMHHUKA, MM;

r — paauyc TOpJIOBUHBI IITAMIIOBAHHOIO WM LITAMIIOCBAPHOIO
TPOMHHUKA, MM;

b, — IIMpPHUHA YCUINBAIOIIEH HAKIIAAKU, MM;

Sh — TOJIIUHA YCUIMBAIOLIEH HAKIa KU, MM.

2.1.1.7. ACTPA-MAT'HCTP (CHull 2.05.06-85, CII 36.13330.2012):

TypRed— tun nepexosia: KOHUCHTPHYESCKHN HITN SKCIEHTPUYESCKUil;

TypTee— tun TpoiiHuka: cBapHoi (1), CBapHOM C YKPEIUIAIOMIMMHU
HaKJIagKkaMu (2), ITaMIIOBaHHBIA U mITaMIiocBapHoi (3);

r — paJuyc rOpJIOBHHBI ITAMIIOBAHHOTO TPOHHHUKA, MM;

b, — IIMPUHA YCHINBAIOIICH HAKIAAKH, MM;

Sn — TOJIIIMHA YCHJIMBAOLICH HAKIIAJKH, MM.

2.1.1.8. ACTPA-MAT'HCTP (I'OCT P 55989-2014):

Opry — OBWIBHOCTH TMPSAMBIX TPyO, MJOMycKaemas W3  YCIOBHSA

npoxoxacaus BTV, %;
TypEIb — tum otBOAa: X0MmoaHOTHYTHIH (1), Mpyroit (2);
TypRed— tum nepexosia: KOHICHTPHICCKHUI HITH SKCIIEHTPUYESCKUI;
TypTee — tun Tpoitanka: cBapHo# (1), mramnoBaHHbIH (2);
st wimamnoganHwlx mpotuHUK08 OONOIHUMENbHO 3A0ArMCIL:
r — paJyc ropJOBUHBI ITaMIIOBAHHOTO TPOWHHKA, MM;
ConTee — KOHCTPYKIMS ITaMIIOBAaHHOTO TPOMHHUKA: «a» WIH «O» (puc. A.1,

[9D);

Ly — TIOJTyJUTMHA PAacUETHON 30HBI YCHIICHUS, MM;
H; — BBICOTA PAacUETHON 30HBI YCHIICHHUS, MM;
Y —  KO3(Q(ULIHMEHT, 3aBUCSIIMI OT TEXHOJOTMH H3TOTOBJIECHHS

TPOMHHUKA, 3a1aETCS I TPOMHUKOB KOHCTPYKLIMH «a.
2.1.1.9. ACTPA-MAT'HCTP (I'OCT P 55990-2014):

Opry — OBWIBHOCTh MPSAMBIX TPyO, MJOMycKaemas W3 YCIOBHA
npoxoxaeHus BTY, %;
c — no6aBKa K TOJIIHHE CTEHKH TPYOBbI Ha OOIIYI0 KOPPO3HIO, MM,
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TypEIb — tum otBOAa: X0MmogHOTHYTHIH (1), Mpyroit (2);

TypRed— tum mepexoia: KOHICHTPHIESCKHUI HITH SKCIIEHTPHYCCKUIT;
TypTee — tun Tpoitnuka: cBapHo# (1), mramnoBaHHbIH (2);

s wumamnoganmwix mpotuHuKo8 OONOIHUMENbHO 3A0ar0MCsL:

r — pazuyc ropJoBUHBI LITAMIIOBAHHOTO TPOMHUKA, MM;

ConTee — KOHCTPYKIMS IITaMIIOBAaHHOTO TPOIHHUKA: «a» Wi «0» (puc. A.l,
[10);

L — TIOJTyUTMHA PAacUETHON 30HBI YCHIICHUS, MM;

H; — BBICOTA PAcCUETHON 30HBI YCHIICHHUS, MM;

& —  K03(OUIMEeHT, 3aBHCAIUA OT TEXHOJOTHH H3TOTOBJICHHSA
TPOMHHUKA,;

k —  K03((GUIMEHT, 3aBUCAIIUMM OT TEXHONOTHH W3TOTOBJICHHS

TPOMHUKA, 3a1aETCS ISl TPOMHUKOB KOHCTPYKIIMH «a.
2.1.1.10. ACTPA-CBJ] (I'OCT P 55600-2013):

C1 — mnpubaBKa, Y4YHUTHIBAIOIIAs IUIFOCOBOM JONMYCK Ha HApyKHBIN
JUaMeTp, MM;

C2 — mnpubaBKa, YYUTHIBAIOIIAS MHUHYCOBOM JIOINYCK Ha TOJIIMHY
CTEHKH, MM,

C3n — nprbaBKa Ha U3HOC Hapy>KHOI MOBEPXHOCTH, MM;

C3p — nprbaBKa Ha U3HOC BHYTPEHHEH MMOBEPXHOCTHU, MM;

TypTee — tun tpoinuka: A, b, B, I', 1T (puc. 10-14, [12]);

TypAng— tun yroneHuka: A, b (puc. 15, 16 [12]).

2.1.1.11. ACTPA-CBJ] (P PTM 26-01-44-78):

Cy — npubaBKa, YYUTHIBAIOIIAss MHHYCOBOI JIOITyCK Ha TOJIIUHY CTEHKH
U HEeoOXOIMMOE YTONIICHHE CTCHKH 110 TEXHOJIOTHYECKHM,
MOHTQXHBIM H  JOPYTUM  COOOPaKEHHSAM  TPOCKTHPYIOIINX
OpraHu3alui U 3aBOJI0B-U3TOTOBUTENEH, MM;

C2 — mpubaBKa Ha KOPPO3HUIO, SPO3UI0 U APYTHUe BUIBI H3HOCA, MM;
Cs3 — npuOaBKa JIOMOTHUTEIbHAS, MM;
0 — MHHYCOBBIH JIOIyCK Ha W3TOTOBJIEHHE MO TOJIIUHE CTEHKH, %o.

3agaércst TONBKO JUIs IPSIMBIX TPYO, MOOUPaEMBIX 13 COPTaMEHTa;

0 — IUTIOCOBBIN OMYCK Ha U3TOTOBJICHUE 110 HAPYKHOMY JUAMETPY, %o

3agaérest TONBKO JUIS IPSIMBIX TPYO, MMOIONPAaEMBIX M3 COPTAMEHTAa;

TypTee— tun TtpoiiHuka: tun 1, Tum 2 (puc. 9-12 [11]), npuBapHOii
naTpyOoK;
TypAng— tun yroneHuka: tTam 1, Tamn 2 (puc. 9-12 [11]).

2.1.2. Harpy3ku u Bo3aeiicTBuUs

p — pacdeTHOE BHYTpEHHee JaBiieHHe B TpyOompoBoae, MIla;

T — pacueTHas TeMIlepaTypa CTeHKH TPYOHI (cpenusst Temmeparypa), °C;
s mpybonposooos  beckananvnou npoknaoku 6 epywme (ACTPA-

HEDTEXUM (I'OCT 32388-2013), ACTPA-TEIIJIOCETD).
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Orp — Harpyska ot Beca jeranu, KH/m;
Ous — Harpyska oT Beca u3oJisitiuu, KH/m;
Oup — Harpy3ska ot Beca mpojaykra, KH/m.
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s mpybonposooos uz nonumepnvix mamepuaios ACTPA-HEDPTEXUM
(IOCT 32388-2013) 3a0aémcs memnepamypHas uCmopust Ha2pyHCeHus:

ti — TeMIIepaTypa B CTeHKe TpyObl nim aetaid, °C,

T — BpeMsl HENpPEephIBHOrO MAEHCTBHSA TeMmmeparypsl tj, KoTopoe
Marepuall MOKET BBIZIEpKaTh 0e3 pa3pylieHus, ;

TypTem — TUN TEeMIepaTypbl: INpUHUMaeT 3HauyeHus Pabouyas,

Asapuiinas v Maxkcumanvuas. Tunsl Asaputinas w Makcumanvhas 3alaloTCs
TOJIBKO O/IMH pa3 B TEMIEPaTypHOH UCTOPHH.

2.1.3. ®u3uKo-MeXaHHYeCKHE XapaKTePUCTUKH MATEPHAJIOB
2.1.3.1. ACTPA-ASC, CYJIIPOM.
TypMat— tun mateprana: aycTeHUTHAS WM HEayCTECHUTHAS CTallb;

RTpo’g — YCIIOBHBIN Ipefiel TeKy4eCcTH IpH pacuéTHoU Temmeparype, Mlla;

R'm — MUHHMAaJIbHOE BpPEMEHHOE CONPOTHUBIEHHE IIpU PACUETHOU
teMmmeparype, Mlla;

R'mt  — JUIMTENBHBIA TpeseN MpOYHOCTH (MUl BpeMEHH t SKCIITyaTamuu

BBICOKOTEMIEPATypHBIX  TPyOOIIPOBOIOB) IpH  pacdyETHOH
temneparype, Mlla;
(0} — K03 HUIMEHT CHIKEHUS TPOYHOCTH TPOJOIEHOTO CBAPHOTO IIIBA.
2.1.3.2. ACTPA-TIC:

[o] — JomycKaeMoe HOMMHAJIPHOE HANpsDKEHWE TP pacyETHOM
temrnepatype, MIla (pazgen 2 [2], B 3aBUCHMOCTH OT PacUeTHOTO
pecypca);

To — pacuéTHBII pecypc, 4;

Ow — K03()PUIUEHT CHIKEHUSI IPOYHOCTH MTPOJOJIEHOTO CBAPHOTO IIIBA.

2.1.3.3. ACTPA-HE®TEXHM (PTM 38.001-94):

[6®°] - monycrumsre Hanpsokermst mpu T=20"C, MITa (m.1.3.1 n 3.2 [3]);
A, — TeMIIepaTypHbIH K03 OHUIHEHT ompenesseMbIit 1o Tabmuie 3.1 [3];
0, — KO3(QUIMEHT CHIDKEHHS IIPOYHOCTH MPOAOJIBHOIO CBAPHOTO IIIBA.

2.1.3.4. ACTPA-HE®TEXHM (I'OCT 32388-2013):

TypMat— Ttun marepuana: yraepoaucras cTtaib (1), HU3KOJIETHpPOBAHHAS
cranb (2), aycteHuTHas ctanb (3), aqIOMMHUI U ero ciiaBel (4),
Menb U e€ cmaBbl (5), TUTaH U ero cIuiaBbl (6), MOJUMEpPHBIN
marepuan (tum 1) (7), monumepHbIi Matepuan (tur 2) (8).

s munos mamepuanos 1-6 (meman):

O/t —MHMHUMaJIbHOE 3HAYeHHWE BPEMEHHOTO CONPOTHBIECHUs (Ipenena
IIPOYHOCTH) NPH PacTSHKEHHUH NPH pacueTHol Temneparype, MIla;

Opit — MUHUMAaJbHOE 3HAaueHHe IMpeAena TEKYy4eCTH IpH PACUETHOU
temreparype, Mlla;

Ot — MHUHAMaJbHOE 3HA4YCHHE YCIOBHOTO TpeAena TEeKy4ecTH

(HanpspkeHHe, MPU KOTOPOM OCTATOYHOE YJUTMHEHHE COCTABIISET
1,0%) mipu pacuetHoi Temmeparype, Mlla;

Goyt — MUHHMaJbHOE 3HAYCHHE YCIOBHOIO TMpejeNia TEeKy4ecTH
(HanpspkeHHe, MPU KOTOPOM OCTATOYHOE YJUIMHEHHE COCTAaBIISET
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20

Gy/20

Op/20

G1/20

G0,2/20

0,2%) mpu pacuetHoi Temmeparype, Mlla;

— MUHMMAJIBHOE 3HAa4Y€HHE BPEMEHHOTO CONPOTHBIICHHS (IIpenena
MPOYHOCTH) NPHU PaCTSHKEHUH IIPH XOJIOJHO Temnieparype, MIla;

— MUHHMAaJbHOE 3HA4eHHE Mpelena TEKy4eCTH IIpH XOJOIHOMH
teMneparype, Mlla;

— MMHUMQJIBHOE 3HAau€HHE YCIOBHOIO TIpeAena TEeKydecTd
(HampspkeHHe, MpPU KOTOPOM OCTaTOYHOE YJUIMHEHHE COCTaBIISIET
1,0%) nipu xonmoaHo# Temneparype, MIla;

— MHUHAMQJIbHOE 3HA4YEHHE YCIOBHOTO TpeAena TeKy4ecTH
(HampspKeHHWe, MpPU KOTOPOM OCTATOYHOE YUIMHEHHE COCTABIISIET
0,2%) pu xonmoaHOM Temmneparype, MIla;

G2-10n5/t — YCIOBHBIH TIpeJies JTHTEIBHON MPOYHOCTH Ha pecype 2-10° u mpu

pacueTHoll Temniepatype, MIla;

G1/2:10°5/t — YCIIOBHBII mpenen MTOJI3YYECTH npu pacCTsDKEHHH,

Ep/t
€820
Oy
Ny
Ny
nuu

Ny

n

obycnoBmuBarommii nepopmarmio 1% 3a 2-10° 4 mpu pacderHoit
temneparype, Mlla;

— OTHOCHUTENBHAs TulacTHuecKas JedopManys B MOMEHT IIOTE€pH
YCTONYMBOCTH TIPH PACYETHOU TEMIIEpaType;

— OTHOCHTENBHAs TUIacTHYecKas aedopManus B MOMEHT IOTEPH
YCTOMYUBOCTH TIPU XOJIOIHOM TeMIIeparype;

— KO3 GHUIHMEHT CHIDKSHHS IIPOYHOCTH MPOAOIBHOIO CBAPHOTO IIBA;
— K03 pHIMEHT 3amaca o npezety npoyHocty, (m. 5.3, 12.1 [4]);
— K03(hUITHEHT 3amaca 1o npeaey TekyuectH, (. 5.3, 12.1 [4]);

— k03¢ urmenT 3amaca Mo HpeAeNy JIUTETHHON MPOYHOCTH, (IIII.
5.3, 121 [4]). Wcmomp3yercst Uit BBICOKOTEMIIEPATYPHBIX
TpyOOIIPOBOIOB;

— ko3 duIMeHT 3amaca no npeaey monsydectd, (mm. 5.3, 12.1 [4]).
Hcnonp3yercs 1y BEBICOKOTEMIIEpaTYPHBIX TPYOOIIPOBOIOB;

—  MOMpaBOYHBIA  KOX(POUIMEHT,  YYHUTHIBAIONMHA  YCIOBHS
9KCIUTyaTalH TPYOOIPOBO/IOB.

s munos mamepuanos 7-8 (noaumep):

Ex
Al
B1
G1
J1

A2

B2

— MOJIyJb MOJ3Yy4YECTH MaTepuana MpH PacTsHKEHUH MPU XOJOAHOU
Temnepatype , MIla;

— Ko3(¢unmeHT Juis BeTBH | KPUBOW IUTUTENFHOH MPOYHOCTH A
(tabmuua 13.2 [4]);

— k03 dUIMeHT s BeTBH | KpUBOW NIHMTENBHOW mpodHOCTH B
(tabmuua 13.2 [4]);

— kK03 UIHEHT T BETBH | KPHBOW [UIMTEIBbHONW mpodHOCTH G
(tabmmma 13.2 [4]);

— ko3 dumment mis BeTBH | KpUBOW UIMTEIHHOW MPOYHOCTH J
(tabmuma 13.2 [4]);

— ko3 duumeHT s BeTBU 2 KPUBOW JUIMTEIBHOW IMPOYHOCTH A
(tabmuua 13.2 [4]). 3amaéres s tuma marepuana «llonnmepHsiit
Marepuai (Tur 2)»,

— Koa(¢uIMeHT JuIs BETBUM 2 KPHUBOW JUIMTEIBHOW NpodHOCTH B
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(tabmmma 13.2 [4]). Bamaéres mus tuma matepuaia «IlonumepHbIin
Martepual (TUI 2)»;

G2 — koddduumeHT s BeTBUM 2 KpUBOW JUIMTENBbHOU IpouHocTH G
(tabmuma 13.2 [4]). Bamaéres ms tuma matepuaia «IlonumepHbIit
MaTepual (Tul 2)»;

J2 — KO3 UIMEHT Ui BETBH 2 KPHBOHM JUIMTENHEHOH NpOYHOCTH J
(tabmuua 13.2 [4]). 3amaéres mis tuma matepuana «llonumepHsrit
Marepua (T 2)»;

Kiw — pacu€THBI KOX(PQUIMEHT 3amaca MPOYHOCTH Uit paboueit
temmnepatypst < 20 rpan (tabnuia 13.4 [4]);

Kiw — pacu€THBI KOX(QQUIMEHT 3amaca TPOYHOCTH I paboueit
Temmepatypsl > 20 rpaz (tabnuna 13.4 [4]);

Ki) — pacu€THBI KOX(pOUIHUEHT 3amaca MPOYHOCTH I MaKCHMAaJIbHON
Temrepartypsl (tabmuna 13.4 [4]);

Ki — pacu€THBId KOX(pQHIUEHT 3amaca NPOYHOCTU JJIs aBapUHOU
Temrepatypsl (Tabiauna 13.4 [4]);

K, — K03 PUIIUEHT YCI0BUI paboThl TpybonpoBoa (Tabmuma 13.5 [4]);

K. — k03¢ GHUINEHT MPOYHOCTH COEeTUHEHHs TPyO U neraneil (Tabiuia
13.6 [4]);

K, — k03 PUIIHEHT XUMUYECKOI CTOWMKOCTH MaTepHaia Tpyo;

K, — K03 PUIMEHT yCITOBHI POKIAIKH;

K. — K03(hOUIMEHT, YYUTHIBAIOLIMI BIMSHHE TEMIEpPaTypsl Ha

nedopMalmoHHbIe CBOMcTBa Mareprana (Tabmuma 13.7 [4]).
2.1.3.5. ACTPA-TEILVIOCETB (PJ] 10-400-01):

[o] — JomycKaeMoe HOMHMHAJIBHOE HaNpsDKEHHE TIpH  pacyETHOM
temmeparype, MIla (pasmen 3 [2], B 3aBHCHMOCTH OT pacueTHOTO
pecypca);

T — pacu€THBbId pecypc, U;

oy — KO3 QUIIUEHT CHIDKEHHUS TPOYHOCTH POJONBHOTO CBAPHOTO IIIBA.

2.1.3.6. ACTPA-TEIIVIOCETbB (I'OCT P 55596-2013):

Gyt — MUHHMaJIbHOE 3Ha4eHHE BPEMEHHOTO COMPOTHBIICHHUS MaTepHhaia
pa3psIBy (TIpejienia MpOYHOCTH) MIPU pacyeTHOH Temmnepatype, MIla;

Opit — MUHHMMallbHOE 3HA4YeHHE Ipenesia TeKy4ecTH MaTepuana Ipu

pacuetHol Temneparype, MIla;

Qy — KO PHUIUESHT CHIDKEHHUS TPOYHOCTH IPOJIOIEHOTO CBAPHOT'O IIBA.

2.1.3.7. ACTPA-MAT'HCTP (CHull 2.05.06-85, CII 36.13330.2012):

R." — HOPMaTHBHOE COIPOTHBIICHHE PACTSDKEHUIO-CKATUIO MeTalia
Tpy® M CBapHBIX COEJMHEHHH , paBHOE MHHHUMAJIbHOMY 3HAUCHHIO
BPEMEHHOT'0 COTPOTHBIICHUS ITPH pacu€THol Temneparype, Mlla;

m — k03¢ dunueHt yciaoBuii pabotel TpyborpoBoaa (tabmuma 1 [7],
(8D);

ky — KO3(Q(HUIMEHT HAASKHOCTH Mo Marepuany (tabmuma 9 [7],
tabauua 10 [8]);

Ky — KOO (UIHMEHT HANEKHOCTA [0 HA3HAYEHHIO (OTBETCTBEHHOCTH)
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Tpy6ompoBoa (tabmmura 11 [7], Tabmua 12 [8]);

n — K03 GHIHMEHT HAEKHOCTH 110 Harpy3ke (tabmuma 13" [7], Tabmima
14 [8]).

2.1.3.8. ACTPA-MATHCTP (I'OCT P 55989-2014):

Gy — HOPMATHUBHOE CONpPOTUBIECHUE MaTepuaga TPyO M CBapHBIX

COCIUHEHUI, paBHOE HOPMAaTHUBHOMY IMpejely  IMPOYHOCTU
(BpeMEHHOMY COIIPOTHBIIEHHIO) IpH pacuéTHOo Temneparype, MIla;

oy — HOpMaTHBHOE COINPOTHBIIEHHE Marepuaia Tpy0 H CBapHBIX
COCAMHEHWH, paBHOE HOPMATUBHOMY TIpelelly TEeKY4eCcTH MpHu
pacuétHoil Temneparype, Mlla;

Yd — kK03 UIHEeHT YCIOBUI pabOTH TPyOOIPOBOAa MPU pacyeTe ero
Ha TIPOYHOCTh, YyCTOMYMBOCTD ¥ AeopMaTHBHOCTS (Tabmuma 13 [9]);

Ymu —KO3(QPUIHEHT HANESKHOCTH II0 MaTepHady TpyO NpH pacuére 1o
npounocT (Tabmua 12 [9]);

Ymy — k03 PUIMEHT HaAEKHOCTH 10 Marepuainy TpyO mpu pacyére mo
TEKY4eCTH;

Yo— K03(h(ULNEHT HAZIKHOCTH 110 OTBETCTBEHHOCTH I'a301IPOBO/IA;

Yo —K09(hUINEHT HAJIKHOCTH 110 HAarpy3ke (BHyTpEHHEMY IaBJICHUIO)

(tabm. 11 [9]);

TypTSu— Tum TpaHCIIOPTHPYEMBIX BEIIECCTB: HE yKazaHo (1), MMITyIbCHBIN
WJIN TOTIIMBHBIH ra3 (2).

2.1.3.9. ACTPA-MAT'HCTP (I'OCT P 55990-2014):

Oy — HOPMAaTHBHOE COMPOTHBIECHHE MarTepuana TpyO M CBapHBIX
COCAMHEHWH, paBHOE HOPMAaTHBHOMY TpeAeNy  MHpPOYHOCTH
(BpeMEeHHOMY CONPOTHBIICHHIO) TIPH pacuéTHO Temnepatype, MIla;

oy — HOpMaTHUBHOE COMpPOTHBIICHHE Marepuana Tpy0 H CBapHbBIX
COCIIMHEeHWIl, paBHOE HOPMATUBHOMY Tpelelly TEeKY4eCTH MpHu
pacuétHoil Temneparype, MIla;

Yd — koa(duIMeHT ycnoBuid paboTel TPyOONpOBOa MPH pacdeTe ero
Ha TPOYHOCTh, YCTOHYMBOCTb M JeopMaTHBHOCTH (Tabnmma 13
[10D);

Yds - ko3 unmeHT YCIIOBHH paboTsI TpyborpoBoaa,

TPaHCHIOPTHPYIOIIETO  CEPOBOIOPOJICOIEPIKAIIME TTPOAYKTHI, TIPH
pacueTe €ro Ha TPOYHOCTH, YCTOWYHBOCTE W Je(OPMATHBHOCTH
(tabmmua 14 [10]);

Ymu —KO3(QPUIHEHT HANESKHOCTH II0 MaTepHady TpyO NpH pacuére 1o
npounocTH (Tabmuma 12 [10]);

Ymy — k03 PuUIMEHT HAAEKHOCTH 10 Marepuany TpyO mpu pacyére no
TEKY4eCTH;

Yo KO3 HUIHUEHT Yr,—KOI(QOUINEHT  HAAEKHOCTH IO  Harpyske

(BHYTpeHHeMy naBienuro) (tabum. 11 [10]);

TypTSu—- Tun  TpaHCOpTHpyeMbIX  BemiecTB: He ykaszaHo (1),
CEpPOBOAOPOACOACPKAIIUE TIPOAYKTHI (2).

2.1.3.10. ACTPA-CB/J] (P/l PTM 26-01-44-78):

TypMat— Ttun wmarepumana: yrinepomucras (1), HuzkonerupoBanHas (2),
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aycreHuTtHas (3) cTamb,

Oy — MHHHMAJIbHOE 3HAa4E€HHE BPEMEHHOT'O CONPOTHBIICHHUS MaTepHaia
pa3peIBY (TIpesena NpodyHOCTH) U pacdyeTHOU TeMieparype, Mlla;

o1 WIH Gy, — MUHUMAJIbHOE 3HA4YEHUE Tpe/ena TeKY4eCTH WM YCIOBHOTO
Ipezesna TeKy4eCTy MaTepualla IIpy pacueTHoU temneparype, Mlla;

[ — cpelHee 3HAauYeHUe YCIOBHOIO IpejAena AJUTEIbHON MPOYHOCTU
(HanpspKeHWs,  BBI3BIBAIOLIETO  pa3pylieHWe NP PAaCUETHOH
Temneparype uepes 10° uac), MITa;

On — cpeiHee 3HAUCHHE YCIOBHOTO Ipeseia MONI3Y4YecTH (HarpsKeHUs,
BBI3BIBABIIETO  HAKOIUIGHHME  OCTaTOYHOW  fedopmamuu  IpH
pacdeTtHoii Temmniepatype 1% 3a 10° qac), MIla;

n —  TONpaBOYHBIH  KOI(GGUIUEHT,  YYUTHIBAIOUIMN  YCIOBHSA
9KCIITyaTaluy TPyOOIPOBOIOB;

— KOO QHUIIUEHT CHIDKEHHUS TPOYHOCTH HPOJOIBEHOTO CBAPHOTO IIIBA.

2 1.3.11. ACTPA-CBJ (I'OCT P 55600-2013):

Rt — MHHHMMAaJIbHOE 3HAa4Y€HHE BPEMEHHOTO CONPOTHUBIEHUS (Iperena
MIPOYHOCTH) MaTepHuaia pu pacuéTHoi Temneparype, MIla;
Rt — MUHUMAaJbHOE 3HAa4€HHE NPUHATOrO B pacyeT IIpelerna TeKy4eCTH

MaTepuana npH pacuéTHoil Temneparype, MIla.
s mpybonpoeooos beckananvrou npoxnaoku 6 epyume (ACTPA-
HE®OTEXUM (I'OCT 32388-2013), ACTPA-TEII/IOCETR):

E — MOAyJbh (MOIYJIH) YIPYrOCTH MaTepHuaia TPyObl JJIsi OCHOBHOTO
pacuetHoro pexuma, MITa. Jlns momuMepHBIX MaTepraioB Tvm 1 u 2
(ACTPA-HE®TEXUM, TOCT 32388-2013) 3amaércs MOIyJb
MOJI3YYECTH MaTepHaa Py PacTsHKCHUH.

2.1.4. JlomoJiHMTe/IbHbIE XapaKTePHCTHKH TOA3€MHBIX H Ha3eMHBIX
TPYOONIPOBO/IOB 0eCKAHAIBLHOI NPOKJIAJAKHU B IPYHTE

D — InaMeTp KOXKyXa H30JISIHN, MM;
H — BBICOTA 3aCHINKH (TNIyOHHA 3aJI0)KEHHS 110 BEPXHEH OTMETKE), MM;
B — IMpHHA TpaHIIEW Ha YpOBHE BepxXHEH oOpasyromed Koxxyxa

HU30JIA1IAU, MM;
TypGru— tun rpyHTa (Tabauna 2.2, npum. [5]).
2.1.4.1. XapaKTepuCTHKHU IPYHTA OCHOBAHUSsl, 3aCHINIKH, 0TKOCOB

Erp — MoayJib nedopmanuu rpynTa, MIla;

Vip — ko3¢ dunuent [lyaccoHa rpyHra;

Prp — [UIOTHOCTB IPYHTA, T/M;

Prp — YroJI BHYTPEHHETO TPEHHUs TPyHTa, Tpal.

2.1.4.2. XapakTepuCTUKH H30JISAIUH

Typlzo — tun m3omsaunuu: Her (1), meHononuyperan (2), nonumepoeron (3),
apmorieHoOeToH (4), Outymmepaur (5), Outymkepamsur (6),
(3amaérest nist ACTPA-TEIIJIOCETB);

Koi — k03 dunuent nocrenu uzossiuun (it ACTPA-TEIIJIOCETH (P
10-400-01) omnpenenseTcs OPOrpaMMOi IO  33aIaHHOMY THITY
H30JISIUH ), xkH/M®,
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2.2. PesympraToM pacuéra 1O BEIOOPY OCHOBHBIX pa3sMEpOB SBIISIOTCS
HOMHUHAJbHBIE TONIIWHBI CTEHOK JeTaleid TpyOompoBoAa M TI'€OMETPUYECKHE
XapaKTEPUCTUKH  JOMOJIHUTENBHBIX  YKPEIUISIOIUX — DJIEMEHTOB  TPOWHHKOBBIX
COE/IMHEHU, 1100 BBIOpaHHBIE JAETalM TPYOOIIPOBOJOB U3 OTPACIIEBBIX COPTAMEHTOB.
J1st kaXkaol eTany BBIYUCIISIETCS JOIIycKaeMmoe JaBieHue. Taxoke, I MOA3EMHBIX
MarucTpajibHbeIX TpyOompoBonoB (npu pacuére no ACTPA-MAI'MCTP (IOCT P
55989-2014, IT'OCT P 55990-2014) onpenenseTcss OBAIbHOCTH MOMEPEYHOTO CEUCHUS
TpyOOIlpoBOa TOCHEe YKIAaAKH W 3achIIKH. B TpsMO- W KPUBOJHMHEHHBIX TpyOax
TpyOOIPOBOIOB BBICOKOTO M cBepxBbicokoro aaBnenus (ACTPA-CBA (I'OCT P
55600-2013) mposepsieTcss HEOOXOIUMOCTh aBTO(PPETUPOBAHHS, & TAKKE MOA00P JUIs
HUX ONTHMAJIBHOTO AABJICHUS aBTO(MPETHPOBAHNS.

Sp — pacuérHas TONIIMHA CTEHKHM IPAMOJIMHEHHOH  TpyOBHI,
KpuBonuHeWHOW TpyOer (mpm pacuére mo ACTPA-ASC, ACTPA-TOC, ACTPA-
HEDTEXUM (I'OCT 32388-2013), ACTPA-CB/], ACTPA-CYIIIPOM BuUuCISIETCS
KaK MaKCHMyM CpeIOH pPacy€THBIX TONIIMH Ha OOKOBOHM, BOTHYTOM M BBIMTYKIIOH
MOBEPXHOCTSIX), Mepexo/ja B 30HE OOJIBIIEr0 U MEHBILEr0 JUaMETPOB, MATUCTPAIH U
OTBETBJICHUS TPOIHUKA, YTONbHUKA, MM

S — HOMMHAJIbHAS TOJIIIMHA CTEHKH JETalH, MM,

[p] — JorryckaeMoe nmaBieHue netanu (Beraucisiercs miust ACTPA-ASC,
TOC, HEQTEXUM, CB/], CYJIIPOM), MI1a.

2.2.1. ACTPA-A3C, TAC, HEQOTEXUM, MATUCTP, CYJIIPOM:

A — IJIOWIA/Ih CEUCHUS YKPEIUISIONIMX IEMEHTOB TPOHHUKA, MM,

2.2.2. ACTPA-MAT'HCTP (I'OCT P 55989-2014, TOCT P 55990-2014):

0 — OBaJIbHOCTh CEYEHMS IOJ[36MHOT0 TPyOOIpoOBOAa MOCie YKIAAKU U

3aCBITIKH.

2.2.3. ACTPA-CBJ (I'OCT P 55600-2013):

Su — MCIIOJHUTEIbHAS TOJIIUHA CTEHKH AETalIH, MM;

Ngg — ¢axkTryeckuit K03 PHUIMEHT 3anaca 1o Ipeaeny IPOYHOCTH;

Nygy — ¢axkTryeckuit K03(ULKEHT 3araca Mo npeeiy TeKy4ecTy,

NeedA - ompezneneHne  HEOOXOAMMOCTH  aBTOQPETUPOBAHUS  JUIA
TPSIMOJIMHEHHBIX W KPUBOTHHEHHBIX TPYO;

Pa — ONTHMAaJbHOE JIaBJICHHE aBTO(PETHPOBAHMS NPSIMOIUHEHHBIX H

KpUBOJIMHEUHBIX TpyO, MIIa.
Honoanumenvhule pe3ynbmamel 015 MPOUHUKOS, Y20NbHUKOG:
D, — pa3Mep YKPEIDIEHHOTO yJacTKa OCHOBHOHM TPYOBI, MM;

D, — pa3Mmep YKpEIUIEHHOTO Y4acTKa OTBOJIa, MM.
2.2.4. ACTPA-CBJ (P4 PTM 26-01-44-78):
Honoanumenvhule pe3ynbmamel 0115 0mMEOO08.

S3 — TOJIIIMHA CTEHKH NCXOHOM 3arOTOBKH, MM;

Ds — HOMHUHAJIbHBIN Hapy>KHBIM JUaMETP UCXOAHON 3arOTOBKU, MM.
Honoanumenvhvle pe3ynbmamel 015 MPOUHUKOS, Y20NbHUKOG:

D, — naMeTp IWIMHAPHIECKOW 9acTH OCHOBHOM TPYyOBI, MM;

D, — naMeTp IWIMHAPUYECKOH YacTH OTBOAA, MM,

Dty — IWaMeTp YKPETUICHHSI OCHOBHOHN TPYOBI, MM;
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D, — IUaMeTp YKpEeIUICHHs OTBOJA, MM,

L, — pacuérHas [UTHHA (JUIMHA YKPETUICHUS) OCHOBHON TPYOBI, MM;
L, — pacuérHas JUIMHA (JUIMHA YKPEIUIEHHs) OTBO/A, MM;

B, — IIUPUHA YKPEIUIEHHS OCHOBHOH TPYOBI, MM;

B, — IIUpPUHA YKPEIUIEHHUs OTBOJIA, MM.

Hononnumenvhvie pesyrvmamul 051 NPUSAPHBIX NAMPYOKOE:

Smp — pacu€THas TOJIIMHA CTeHKH NaTpyOKa, MM;

Su — TOJIIIMHA CTEHKH MaTpyOKa, MM,

H — BBICOTA MaTpyOKa, MM.

2.2. IloBepouHblii pacyéT HA MPOYHOCTH

IMoBepouHBIi pacueT Ha MPOYHOCTH MPOBOIAT mocie pacyera (cM. m. 2.1) 1o
BEIOOPY OCHOBHBIX pPa3MepoB (HOMHUHAIBHBIX TOJIIWH CTEHOK S 3JEMEHTOB) IUIA
HHU3KO-, CpEOHe- U BBICOKOTEMIIEPATYPHBIX TPYOOIPOBOIOB B COOTBETCTBHU C
monoxkenussma Hopm TTHAD I'-7-002-86 [1] (ACTPA-ADC), PO 10-249-98 [2]
(ACTPA-T3C), PTM 38.001-94 [3], T'OCT 32388-2013 [4] (ACTPA-
HE®TEXHM), PO 10-400-01 [5], TOCT P 55596-2013 [6] (ACTPA-
TEIUVIOCETbH), CHulI 2.05.06-85 [7], CIT 36.13330.2012 [8], TOCT P 559892014 [9],
T'OCT P 55990-2014 [10] (ACTPA-MAT'HCTP), TOCT P 55600-2014 [12], P PTM
26-01-44-78 [11] (ACTPA-CBJ), PA5P.4322-86 [13], PIA5P.5137-73 [14] (ACTPA-
CYJIIPOM), “PyxoBoacts...” [26, 28], PTM [15, 17] u Ha OCHOBaHHH CIIEAYIOIINX
WCXOJHBIX JTaHHBIX.

[lepBoHaYaIbHBIMH JTAaHHBIMH IS MOBEPOYHOTrO pacyeTa Ha MPOYHOCTb
SIBJISTFOTCSL:

1) akcoHOMeTpHYeckasi cxema TpyOONpPOBOAHOW CHUCTEMBI, KaK HPaBHIO U
JKeJNaTenbHO, B OOIIeH €O CTPOMTENBHBIMH KOHCTPYKIMSAMH (TIPU HMX HAJIUYUH)
MPaBOCTOPOHHEH JekapToBoii cucteme koopauHat X (X), Xz (Y), X3 (Z), rae och X,
Kak IpaBWIIO, HATIPAaBJIeHa BEPTUKAIBHO BBEPX, OCh X; — B HAIPABJICHHH, 0OPaTHOM
0003HAUEHHIO CTPOUTENBHBIX Oceil, och X, — B HaIlpaBJICHUH, OOPATHOM HyMepaliu
CTPOUTENBHBIX PSAOB; JOIyckaeTcs (a Uil psga KOMIOHOBOK — YA00HO) 3aiaHue
CXeMbl MM ee (parMeHTOB B IMJIMHAPHYECKOH M (WiM) chepuueckol cucremax
KOODPJIMHAT;

2) yKa3aHHE MECTOMOJIOXKEHHUS U CIeI(UKAIUNA COPTaAMEHTa NPSIMBIX TPYO,
MIEPEXOJHUKOB, OTBOJIOB (THOOB, KOJIEH M CEKTOPHBIX) M KOCHIX CTHIKOB, TPOWHHKOBBIX
y370B (CBapHBIX, CBApHBIX C YCHJIMBAIOLIMMH HAaKIaJKaMH, [ITAMIOBAHHBIX |
LITAMIIOCBAPHBIX, KOBAHHBIX) M BPE30K, JIMH30BBIX, CHIB(GOHHBIX W CAIBHUKOBBIX
KOMIICHCATOPOB, (PIIAHIIEBBIX COSAWHEHHH, “‘apMaTyphl’” (KJIAlaHbl, 3aABIKKA H T.II.),
o0opymoBaHus (BKIFOYEHHOTO B PACUETHYIO MOJENb), MPYKHWHHBIX ITOABECOK (IO
MBH-043-63, OCT 108.764.01-80, OCT 24.125.109-01, ‘“cneumnpyxun”
BHUIIUIT, npyxunubix onop ¢upmsl LISEGA, “npyxuH NOCTOSHHOTO ycuius”
NPYXKHH II0JIb30BATeNs), JKECTKHX IIOJIBECOK-TAT, ONOP CKOJBKEHHS, KaTKOBBIX H
HAIMPABIIAIONMX O1op, MpykuHHEIX ormop (OCT 24.125.166-01, OCT 108.275.69-80),
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CHENHANbHBIX OMOPHBIX KOHCTPYKLHH, ceficMo- M BHOPOAMOPTH3AaTOPOB W (WIJIM)
BA3KOYIPYTHUX JeMI(pepoB, TPOTHBOABAPUIHHBIX ONOP-OrPaHUINTEICH;

3) BeTMUMHBI MOHTQ)KHOTO HATSIra, 3aJJaHHbIX TEMIIEpaTypHbBIX MepeMelleHHI
MPOMEXKYTOUHBIX M “MEPTBBIX” OINOpP, CTATUYECKUX U TEMIEpaTypHBIX HArpy3oK IJis
pexxuMoB Harpyxkerus HJ (HopManbHBIX ycrnoBuii skcrutyartarun), HHI (Hapymenus
HOpPManbHBIX ycnoBuit skcmnyatanun), I'M  (ucmeitanumil) u AC  (aBapHiHBIX
curyarid) [1, 2] nin ux aHanoroB Al HEPTEXUMHH, TEIIOCETEH U MaruCTpaJIbHBIX
tpyborpoBonos [3-12] — IIH (mocTossHHBIX M AIUTENbHBIX Harpy3ok) u IIJIK(OH)
(TTOCTOSIHHBIX, JUTUTEIBHBIX, KPATKOBPEMEHHBIX U OCOOBIX HATPY30K);

4) aMIUIMTYAHO-YaCTOTHBIE W  (WJIM) BpEMEHHbIE XapaKTEPHCTHKH
ceiCMMYeCKNX, BUOPALMOHHBIX (THAPOANHAMUYECKHX), UMITYJIBCHBIX M aBapHHHBIX
(MIIA) BO31€HCTBHIA.

IlepBele mBe rpynmbl AaHHBIX, cocraBmsomue 80-95% Bcero o0bema
HCXOAHOW wH(pOpMAIMH, B COBPEMEHHBIX YCIOBHAX MOXHO (M JIOJDKHO)
c(OpMHUPOBATh C HCIOJIL30BAHUEM BCTPOCHHBIX IOMOJHSAEMBbIX 0a3 JaHHBIX (10
JeTaissM M cBoiicTBaM MarepuanioB) B npenpoueccope ITPE-ACTPA, nu6o
cpencteamu  CAIIP TII'C  (mampumep, CADWOrX/PIPE, PDS), a 3arem
skcnioptuposats B ACTPA-HOBA.

Ha ocHoBanmm yka3aHHOW Bblle HMH(OPMAIMM C  MPHUBICYCHUEM
cootBerctByromux  OCTos, TI'OCToe u Hopm [1-64] dopmupyroTcs
(HEeNOCpEe/ICTBEHHO WJIM C HCIOJIb30BAHMEM BCTPOCHHBIX 0a3 IAaHHBIX IO AETAJISIM,
CBOICTBaM MaTepHaJioB M IapaMeTpaM Harpy30K-BO3/ICHCTBUII) NMpHUBEACHHBIC HIXKE
HCXOJHBIEC JaHHbIEC, HEMOCPEACTBEHHO HCIIOIb3YEMbIE B pacyeTax.

2.2.1. T'eomeTpuyeckne XapaKkTepHUCTHKH Ce4YeHHMil NPAMBIX TPYO,
O0TBO/IOB, IIePeX0J0B U TPOHHUKOB

D — HOMMHAJIBHBIA HapyXHbIH JAHaMETp CEYEHMs MPSIMOIMHEHHON
TpyOBI (pa3menkd IMoJ CBapKy, KoJieHa, ruba, mepexoja, MTymepa
WJIN KOpITyca TPOWHUKA), MM;

S — HOMUHAJIbHAS TOJIIMHA CTEHKH IPSMOIMHEHHON TPpYOH! (pa3iaenku
NOJI CBapKy, KoJleHa, Tnoa, nepexo/a, MTylepa Wik Kopiyca TPOHHUKA), MM;

Smin» Smax — MUHUMaJdbHAagE W MaKCHMalbHas TONIIMHBI CTEHKHU
KPHUBOJIMHEHHO# TpyOBI (KOJIeHa Wi ruda), MM;

Ss — TOJIIMHA CTEHKHU IITYIepa B 30HE “TIpMINBA’” TPOWHHKOBOTO Y374,
MM;

Sa — TOJIIMHA aHTUKOPPO3HMOHHOHN HAILIaBKH, MM;

Su — TOJNIIMHA U3OJSIAH, MM

a — YTOJI pacTBOpa KpHUBOJIMHEHHOI TpyOBI, rpaj;

TypRed - tun nepexoja: KOHIEHTPUIECKUH UITH SKCIIEHTPUUECKHHA.

R — pamuyc OCH KPHBOJIHMHEHHON TpyO®I (Tmba, KOJNEHa, CEKTOPHOTO

KOJICHA), MM.
2.2.1.1. ACTPA-A3C, ACTPA-CYJIIPOM:

¢ — pacueTHas MpuOaBKa K TOJIIMUHE CTEHKH JETalld, MM.
Hononnumenvhvie napamempul 015 OME0O08:
A(@) - 2WIMOTHYHOCTH (OBAJBHOCTH) MOMEPEYHOro CeYeHHs THba WIIH
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KoJieHa (OTHOLICHHE PAa3HOCTH MAKCHMAaJbHOTO W MHUHHUMAJIBHOTO
HapyXHOT'O AUaMEeTpa CeYeHHs K UX Moiycymme), %o.
Hononnumenvhvie napamempel 015 MPOUHUKOS:
TypTee — Tun KOHCTPYKIMK TPOMHKKA: cBapHOH (1), mTamnoBaHHbIH (2);

Ss — TOJIIMHA CTEHKH IITYyIlepa B 30HE “TIPUiIMBa” TPOHHHUKOBOTO Y3IIa,
MM;

Sm — TOJNIIMHA CTEHKU MArucTpaid B 30HE “NpHINBA” TPOHHHUKOBOIO
y371a, MM.

2.2.1.2. ACTPA-T3C, ACTPA-HE®TEXHM (PTM 38.001-94):

¢ — pacueTHas MprOaBKa K TOJIIMHE CTEHKH JETalld, MM.

Lonoanumenvhvle napamempbi 0151 0ME0008:

A(@) - 2WIHMOTHYHOCTH (OBAJBHOCTH) MOMEPEYHOro CedYeHHs ruba WiH

KoJieHa (OTHOIICHHE PA3HOCTH MAKCUMAJIbHOTO U MHUHHMAIBLHOTO
HApYKHOTO JHaMeTpa CEUCHHS K UX HOIycymme), %o.
Jononnumenvhvle napamempbvl 015t MPOUHUKOS:
TypTee — T KOHCTPYKIMHU TPOHHMUKA: cBapHOHi (1), mTamMmoBaHHEIH (2).
2.2.1.3. ACTPA-HE®TEXHM (I'OCT 32388-2013):

Cu — npu0aBKa JJIsl KOMIICHCAUH JIONYCKa HA MUHUMAIBHYIO TOJIIMHY
CTEHKH 3arOTOBKH, MM;
C12 — mpubaBKa Ui KOMIEHCAIIMM MaKCHMAlbHOTO YTOHEHHUS IpU
TEXHOJIOTUYECKUX OMEPALHX, MM;
C; — nprbaBKa Jy1si KOMIIEHCALUH KOPPO3HUH ¥ DPO3HHU, MM;
Y — CKOPOCTh KOPPO3HH, MM/TO/T.
Hononnumenvroie napamempul 015 npaMbIX mpyo:
Let — 3¢ ¢eKxTuBHAsA ATMHA TPYOBI, MM;
ny — k03¢ urnerHT 3amaca MECTHON yCTOMIHUBOCTH;
ny — k0dpduUIMeHT 3amaca MECTHOW YCTOWYHMBOCTH IS PacUeTHBIX
PEKHIMOB;
ny" — KO3 PHIIUEHT 3araca NpoJ0JIbHON yCTOWYNBOCTH;
I — paccTosTHHE MEX]y OCSIMH KOJIEIl )KECTKOCTH, MM;
I — MIMPHHA TONEPEYHOTO CEYCHUs KOJIbIA )KECTKOCTH B MECTE €ro
MPUBAPKH K TPyGe, MM;
Ay — IJIOIIA/Ih MOMEPEUHOr0 CEUSHHS KOJIbIIA KECTKOCTH, M,
Iy — MOMEHT MHEPLUUHM IONEPEYHOT0 CEYeHUs] KOJIbIa >KECTKOCTH
OTHOCHTEIILHO OCH, IIPOXOJIAIIEH Yepe3 LIEHTp TAKECTH, M,
e — paccTosiHHE MEXAy LEHTPOM TSDKECTH IONEpPEeYHOTO CeueHHMs
KOJIbIIa )KECTKOCTH M CPEANHHON OBEPXHOCTHIO CEUEHHUS TPYOBI, MM;
0 — KO3(QQUIMEHT CHIDKCHHS NPOYHOCTH CBApHBIX IIBOB KOJIEII

JKECTKOCTH.

JlononnumensHole napamempsl 015 0Me0008:

TypEIb — Tim KoHCTPYKINK KPUBOJIMHEHHON TpyOBI (0TBOA, THOA, KOJNEHA):
THYTBIA WM KPyTOM30THYTHIH (1), CEKTOpHBIiA ¢ yriiom ckoca < 22,5
rpan, (2), mMTaMIoCcBapHOH €O CBapHBIMH IIBAMHU B IUIOCKOCTH
KpuBU3HBl (3), IUTAaMIIOCBApHOW CO CBAapHBIMH MIBAMHU IO
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HEHUTpabHOU TUHUH (4);

TypJoi — THII CTHIKOBKH KPUBOJIMHEHHON TPyOs! (0TBOMA, THOA, KOJEHA) C
MPUMBIKAIOIIUME JeTansimMu: Ha cBapke (1), Ha ¢uannax (2), Ha
cBapke 1 Ha (anmax (3);

A(@) — WMOTAYHOCTH (OBAJBHOCTH) MOIEPEYHOTO CEeYeHHs THOA WIIH
KoJieHa (OTHOILIEHHWE Pa3sHOCTH MAaKCUMAaJbHOTO W MHUHHMAJIBLHOTO
Hapy>KHOTO JHaMeTpa CEeYeHUs K UX Hoiaycymme), %o.

Honoanumenvhvle napamempbi 0158 MPOUHUKOS:

TypTee— tun KoOHCTpyKIMU TpoWHHMKa: cBapHod (1), cBapHOl cC

VKpEIUIIOIMMH ~ Hakiaiakamu  (2),  mrammnocBapHoit  (3),
IITAMIIOBAHHBIN C TAHYTOW TOPIOBUHOM (4);

Pps — BBICOTA OTBETBJICHUS TPOMHUKA, MM;

hy — BBICOTA TOPJIOBHHBI INTAMIIOBAHHOTO MWJM IITaMIIOCBAPHOTO
TPOMHHUKA, MM;

Sh — TOJIIMHA TOPJIOBUHBI IITAMIIOBAHHOTO WJIM IITaMIIOCBAPHOTO
TPOMHHUKA, MM;

r — paauyc TOPJOBUHBI INTAMIIOBAHHOTO WM HITaMIIOCBAPHOTO
TPOMHHUKA, MM;

b, — IIMpPHUHA YCUINBAIOIIEH HAKIAAKU, MM;

Sn — TOJIIUHA YCUIMBAIOLIEH HAKIa K1, MM.

2.2.1.4. ACTPA-TEIIVIOCETb (P[] 10-400-01):

¢ — pacueTHas MprOaBKa K TOJIIMHE CTEHKH JETalld, MM.

Hononnumenvhvie napamempul 0151 OME0O08:

TypElIb — THn KOHCTpYyKIMHM KpHBOJHMHEWHOH TpyObl (OTBOma, rHOa,

KOJICHA): THYTBHII co cThikamu Ha cBapke (1), Ha ¢nannax (2), Ha
cBapke U Ha (maHnax (3), CeKTOPHBIN CO CTHIKAMHU Ha cBapke (4),
IITaMITOCBAPHON CO CBAapHBIMH IIBaMH B IFIOCKOCTH KPUBHU3HBI CO
CTBIKaMU Ha cBapke (5), Ha ¢mannax (6), Ha cBapke U Ha (IaHIaX
(7), mrraMnocBapHO#t CO CBAPHBIMH MIBAMH 110 HEUTPATIBHOMN JTHHUA
co crbikamMu Ha cBapke (8), Ha ¢daannax (9), Ha cBapke W Ha
¢dmanmax (10).

Hononnumenvhvie napamempel 015 MPOUHUKOS:

TypTee— tun KoHCTpyKIMH TpoWHMKa: cBapHOoH (1), cBapHOil cC

YKPEIUIAIOIUMHU HaKJIaJIKaMu (2), LITAMIIOBAHHBII u
IITaMIIOCBapHOit (3);

r — paauyc TOpJIOBHUHBI IITAMIOBAHHOIO MM INITaMIIOCBapHOTO
TPOMHUKA, MM;

b, — IIMPUHA YCHIMBAIOIIEH HAKIIAAKH, MM;

Sn — TOJIIIMHA YCHJIMBAIOIIEH HAKITAIKH, MM.

2.2.1.5. ACTPA-TEITZIOCETH (I'OCT P 55596-2013):

Ci1 — npu0aBKa AJIs1 KOMIIEHCALUH JIOITyCKa HA MUHUMAJIbHYIO TONINHY
CTEHKH 3arOTOBKH, MM;

C12 — mnpubaBKa I KOMIEHCAIMM MAaKCHMAlbHOTO YTOHEHHUS IIpU

TEXHOJIOTMYCCKUX OIlCpalusiax, MM,
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C2
Vi1, V2

— nprbaBKa U1 KOMIIEHCAIIMH KOPPO3UH H SPO3HUH, MM;
— CKOPOCTh BHYTPEHHEH U HapYKHOU KOPPO3UHU, MM/TO/I.

Jononnumenvhsie napamempsi 013 mpyo:

Lef
n
Ny

— 3¢ dexTrBHAs JyTMHA TPYOBI, MM;
— k03¢ duIueHT 3amaca mpog0IbHON YCTOWIMBOCTH.

ﬂOnOJlHume]leble napamempbul 0151 OMB0008.

TypElb

TypJoi

— THUN KOHCTPYKUHMHM KpUBOJHMHEHHOW TpyOml (0TBOma, THOA,
KOJICHA): THYTBIH WM KPYTOW3OTHYTHIA (1), CEKTOPHEIN ¢ yriioM
ckoca < 22,5 rpan, (2), mTaMIocBapHOW CO CBapHBEIMH IIIBAMHU B
IUTOCKOCTH KPHUBU3HHI (3), MITaMIOCBAPHOM CO CBAPHBIMHU IIBAMH
10 HeHTpanbHOU TUHUH (4);

— THT CTHIKOBKU KPWUBOJIMHEWHOW TPYyOBI (0TBOAA, THba, KOJIEHA) C
MIPUMBIKAIOMNMH JeTamsaMiu: Ha cBapke (1), Ha ¢manmax (2), Ha
cBapke 1 Ha (ranmax (3).

Honoanumenvhvle napamempbl 015 MPOUHUKOB:
TypTee — Tum KOHCTPYKIMH TpoHHMKa: cBapHo#W (1), cBapHOil c

hbs
Py

Sb

bn
Sn

VKpEIUIIOIMMH ~ HakiIaiakamu  (2),  mramnocBapHoit  (3),
IITaMITOBaHHBIH C TSHYTOH TOpJIOBUHOI (4);

— BBICOTA OTBETBJICHUS TPOMHUKA, MM;

— BBICOTA TOPJIOBUHBI INTAMIIOBAHHOTO WM MITAMIIOCBAPHOTO
TPOMHUKA, MM;

— TOJIIMHA TOPJOBMHBI MITAMIIOBAHHOTO WJIM IITAMIIOCBAPHOTO
TPOMHHUKA, MM;

— paguyc TOPJIOBMHBI INTAMIOBAaHHOTO WM IITaMIIOCBAPHOTO
TPOMHHUKA, MM;

— IIMPHUHA YCHUIIMBAIOIIEH HAKIIAAKH, MM;

— TOJIIIMHA YCUIIMBAIOLIEH HAKITa K1, MM.

2.2.1.6. ACTPA-MAT'HCTP (CHull 2.05.06-85, CII 36.13330.2012):
Jonoanumenvhvle napamempbvi 015t npAMbIX Mpyo:

Im

S

umax

ku.b.
kH.s.
€p
0o

Mocksa, 2021

— IUTMHA ydYacTKa aedopMaliiy ra3omnpoBoia ¢ y4eTOM €ro paboTsl
3a MpeJIeNiaMK MYJTBJIbI CIIBHIKCHUS, MM;

— JUIMHA yYacTKa OJHO3HAa4yHbIX Jedopmanmii  3eMHOM
MOBEPXHOCTH B  IOIAYMYJbIAE  CHABIKEHHs, IIEPECEKAEMOr0
ra3onpoBOJIOM, MM;

— MAKCUMAaJIbHOE€ CABUXKCHHEC 3eMHON IMOBEPXHOCTHU B MMOJTYMYJIBAC,
repecekaeMoii ra3onpoBOJIOM, MM;

— IMepeMelleHne, COOTBETCTBYIOIIEE HACTYIUICHHIO IMPEAEIbHOTO
3HAYCHUS CONPOTHUBIICHUS TPYHTA MPOMOJIBHBIM MEPEMEIICHISIM
TpyOOIpPOBOIA, MM;

— k03 uruenT 3anaca o0ImeH yCTOHINBOCTH;

— K03()(PUIIHEHT ydueTa BBICOTHI 3aChINKH;

— IpeIeThbHO TOIyCTHMAs H3THOHAs He(opMallus;

— pacuérHasi Ha4aJbHAasI OBAJBHOCTH CEYEHUH TpyoO, %o;

29



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2021

30

p — 3aIaHHBINA PaJInyC KPUBU3HBI OCU TPYOONPOBO/IA, MM;
Honornumenvhvle napamempbvl 05t MPOUHUKOS:
TypTee — Tum KOHCTpYKIMH TpoWHHMKa: cBapHoW (1), cBapHOHl C

YKPETUISIOIINMHI HaKJIagKaMH (2), IITAaMIIOBAHHBIA
rraMnocBapHoii (3);

r — paauyc TOPJOBHUHBI INTAMIIOBAHHOTO WM IITAMIIOCBAPHOTO
TPOMHHUKA, MM;

bn — IIMPHHA YCUIINBAIOIICH HAKIIAJKH, MM;

Sn — TOJIIUHA YCUIMBAIOIICH HAKITAIKU, MM.

2.2.1.7. ACTPA-MAT'HCTP (I'OCT P 55989-2014, TOCT P 55990-2014):

Honoanumenvhuvle napamempbi 015 NPAMbIX MPYoO:

Im — JUIMHA y4JacTKa Ae(opMaliy ra3onpoBoia ¢ y4eToM ero paboTsl
3a IIpeiesIaMH MYJIbAbI CABHKEHHS, MM;

| — JUIMHa yYacTKa OJHO3HAa4yHbIX Jedopmanuii  3eMHOM
MOBEPXHOCTH B  TOMYMYJbJE CIBIDKCHHS, IEpEceKaeMoro
ra30IpoBOJIOM, MM;

& — MaKCHMallbHOE CIBIIKCHHE 36MHOH OBEPXHOCTH B TIOJIYMYJIBJIE,
nepeceKaeMoii ra30poBOIOM, MM;
Umax — MepeMeleHe, COOTBETCTBYIOIICe HACTYIUICHUIO MPEIeiIbHOrO

3HAUCHUsI CONPOTHBICHHS IPYHTAa IPOJOJIBHBIM IepeMeIIeHHUM
TpyOOIIPOBOIA, MM;

Kub. — k03 ureHT 3anaca o0Iel yCTOHYUBOCTH;

Khs. — K093 (DUITUCHT y4yeTa BBICOTHI 3aChINKH;

€ — IpeAeabHO TOMyCTUMAas H3rnOHas aedopMarius;

0, — pacu€rHasi HayaJibHasl OBAILHOCTH CEUEeHUH TpyO, %0;
p — 3aJJaHHBIA PAIUYC KPUBU3HBI OCH TPYOOIPOBOAA, MM;

Hononnumenvhvie napamempel 0151 MPOUHUKOS:

TypTee — Tun KOHCTPYKIMK TPOHHMKA: cBapHOH (1), mTammnoBaHHbIH (2);

r — paJyc ropJOBHHBI IITAMIIOBAHHOTO TPOWHHUKA, MM.

2.2.1.8. ACTPA-CB/] (I'OCT P 55600-2013):

Jononnumenvrvie napamempwl 0 0Me0008:

TypElb — Tum KOHCTpYyKIMM KpPHBOJIMHEHHOM TpyOBl (OTBOmA, THOA,
KOJICHA): THYTHIH HEeOTIyIeHHbI (1), mpyroii (2).

2.2.2. XapakTepMCTHMKH ONOPHBIX KOHCTPYKUHid, JIMH30BBIX U
CHIb(OHHBIX KOMIIEHCATOPOB, apMaTypbl,cTep:KHeil
HEKOJIbI[EBOr0 ceueHHUs, (JIaHIeB H 000py10BaHUSs

Kx1, K2, Kxs — JTHHEHHBIE )KECTKOCTH OTIOPHBIX KOHCTPYKITHIA (CBsA3eit), B TOM

YHCIIe, OMOP CKOJIBKEHHS, KATKOBBIX M HAINPABJISIOUIMX OIMOp IO
HarmpaBjieHussM obmiel (rmobanbHoW) X, Xp, X3 HIH MECTHOM
(J1oxanbHOM) Xll, XZ/, X3/ JIeKapTOBO# cuctembl, KH/M;

Ka, Kg, K, — yI7IOBBIE XECTKOCTH OIOPHBIX KOHCTPYKIMiI (CBSI3€H) BOKpYT

oceil Xy, Xy, X3 win X1/, X2/, X3/, kH m/pan;

fr1, fro — K03 (ULMEHTbI TPEHHS B ONOPAaX CKOJIBXKEHHsI, KaTKOBBIX H

HalpaBJIAIOIIMX OIOpax B HaIIpaBJICHUAX BJOJIb U IMOICPEK OCHU
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TpyOBI (A1 omop CKOJbXeHus 00bruHo mpuaumaercs fr=f,=0,3,
Jutst katkoBeix omop fr1=0,1, f,,=0,3);

ki, K%, Kk%s; — ouHeiiHble JMHAMHYECKHE IKECTKOCTH CEHCMO- U
BHOPOAMOpPTU3aTOPOB H ceficMo- U BuOpomemmdepoB, kH/M
(yuuThIBaroTCS IpU TMHAMHYECKHUX pacueTax);

kda, kdB, de — yIIOBBIE JWHAMHYECKHE JKECTKOCTH ceificMo- W
BuGpoaemidepos, kHm/pan (YIUTHIBAIOTCS TPH THHAMHYECKUX
pacuerax);

Cyx1, Cy2, Cy3 — nuueitHble KO3(PGHUIMEHTH IESMI(PHPOBAHUSA CEUCMO- H
BuOpoaemmdepos, KH-c/M (B AMHAMIYECKUX pacdeTax);

Cu Cp C, — yrmoBele kod(GUIMEHTH IEMI(UPOBAHUA CEHCMO- H
Bubpoaemmndepos, KHM-c/pax (B IMHAMHYECKHIX pacdeTax);
Ai, A — 3a30ppl B CBA3AX HECTaHJAPTHBIX ONOp MO U IPOTHB

HaTPaBJICHUS CBS3H, MM;

StaSup — cTaTychl CKOJIB3SIIUX U HAMPABISIONINX OMOP (OTHOCTOPOHHSS HITH
JNBYCTOPOHHSISI) MM CBfA3el B HECTAHAAPTHBIX  OMOpax
(omHOCTOpOHHSST TO HampaBieHuio cBs3u (1), OXHOCTOPOHHSS
MIPOTUB HaNpaBieHus cBsi3u (2) wiu qBycToponHss (3);

{P1soms P2romr P3soms Mizons Mazons M3sont — nomyckaemeie nuneiinsie (xH) u
yraoBeie (KHM) ® yriioBBIe CTaTH4eCcKHE ¥ CEHCMHUYCCKHE
Harpy3KH{ Ha OMOPHBIE KOHCTPYKIIHH;

{Utior: Uzgoms Uspoms Oimoms Ol2oms O3gonf — JOIYCKAaeMble IMEpEMEIICHUS
TpyOOIMPOBO/A B OMOPHBIX KOHCTPYKIIUSIX, MM;

{My1, Myo, Mys, Jy1, Jxos Jxa} — cocpenoTodeHHbie Macchl (M) ¥ MOMEHTBI
WHEPUUU BpameHus (M -.Mz) oTHOcUTENbHO ocel X;, Xo, Xj,
KOTOPHIMH MOXET MOJICIUPOBATLCS JKECTKOe O00OpYIOBaHHE U
apMmarypa, BKJIIOYCHHbBIC B PACUETHYIO MO/ICIIb;

Ny — KOJIMYECTBO IeTel TPy>KUHHOM ONOpPHI (ITOIBECKN);
I — JUTMHA TATH NPY>KUHHOW/’KECTKOHN MTOJIBECKH, MM;
Ky — JKECTKOCTH LIeNH NpY>KUHHOW omopbl/monBecky, KH/M (3amaercs

IUTSE BRIOPaHHOW CTPYKTYPHI);

— pabouast Harpy3Ka Ha NpPY>XKHHHYIO onopy, KH (anst BEIOpaHHBIX

NPYXHH); Ui TIPYXXKHH IIOCTOSHHOTO YCHWJIMSL — IIOCTOSHHAS

HarpyskKa;

A — W3MCHEHHE Harpy3Ku Ha IPYXHHHYIO MOJBECKY IPHU MEpEeXoie
TpyOompoBoga w3  pabo4ero  COCTOSIHAS B XOJOJHOE,
MOJIOKUTEIBHOE  JICHCTBUTENBHOE  YUCIO,  PEKOMEHIYeTCs
npunuMatbk 35%. Jlns TpyOOnpoBOIOB, NPHCOCOMHEHHBIX K
000pYy/IOBaHUIO, YYyBCTBUTCIBHOMY K BO3JCHCTBUIO YCHJIHMHA OT
TpyOONIPOBOMOB,  peKkoMmeHayercss  3HaueHue <35%  [17],
COOTBETCTBEHHO CJIEIYyET YBEIMUYUTH KOJIMYECTBO NPHOIMKEHUH
npu BbIOOpe mpyxuH. s npyxkuH LISEGA pexomenmyemoe
3Hauenue 25%;

m — kodpduIHMEeHT 3amaca [0  HArpy3Ke Ha  MPYXKUHBI
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(monoxxurtensHOE 3HadeHne, He MeHbme 1,0), pekoMeHmyeTcs
MPUHUMATh B COOTBETCTBUU ¢ [17] 3Hagenme m = 1,0 + 1,3. Jlns
npyxuH LISEGA pexomennyemoe 3HadeHue 1;

TypSpr — Tun Npy>KUHBL: IPELyCMOTPEHBI CIEAYIOIIUE THITbI (COPTAMEHT)
npyxur: OCT 108.764.01-80 [29], OCT 24.125.109-01 [30],
MBH 049-63 [31], “cmeunpyxunsr’” BHUIIUIT (anst ropsdux
OokcoB-TioMelleHuit) [32], mpyKHHBI MONB30BATENS U MOABECKH
MOCTOSIHHOTO yCHiusl Tonb3oBarens, npyxunsl LISEGA [33] u
noaBecku nocrosiHaoro yemnus LISEGA [33].

Ina  npyoswcunnvix  noogsecox  muna  “‘cneynpyscunvt”  BHUIIUOT
OONOIHUMENbHO 3a0arOmcs credyrujue OaHHbLe:

Tup — TeMIIepaTypa “CHenrnpyXuHbl” ISl paCIETHBIX PEKUMOB, °C;

Gup — MOAYNb CIBUTA IJIsI MaTepHasia TATH HOABECKH “‘CIEUIpPYXHUH
IUTA pacdETHBIX pexkuMoB, MIla (KF/CMZ);

Bup — KO3 GUIMEHT JUHEHHOIO pacHIMpeHHs [Uisi MaTepuaiga TIrd

MOZIBECKH ““CHELIPYKHUH” JUIsl pacU€THBIX PEXKUMOB, 1/Tpa.
2.2.2.1. XapaKTepuCTUKH KOMIIEHCATOPOB
TypCom — THIIBI KOMIICHCATOPOB B 3aBUCUMOCTH OT KOMIEHCHPYEMBIX UM
TepeMEIIeHUI: OCEBOI, CABUTOBOM, YTIIOBOM, OOIIETr0 BHU/IA;

k', K, K'p, — JMHEHHBIC )KECTKOCTH KOMIICHCATOPOB O HAMIPABICHUSM
oceil mokakHOU cuctemsbl kKoopauaar X', Y', Z', kH/wm;

K, kry,, k', — VTJIOBBIC JKECTKOCTH KOMITEHCATOPOB BOKpyT oceit X', Y',
Z', xH-m/pan;

o, — YIIIBI TOBOPOTA KOMIICHCATOPOB BOKPYT cBOCH ocu Z', Tpan;

A — 3 QeKTHBHBIC TUTOMAAN KOMIIEHCATOPOB, M*;

Ap, As, Ay — JOIyCKaeMble OCEeBBIE (MM), CIOBHTOBBIE (MM), yTJIOBBIC

(MM) TIepeMenIeHns] TOPIIOB KOMITEHCATOPOB.
o,/ — TIpeIBAPUTEIBHBIN HATST KOMIIEHCATOPOB, MM,

s komnencamopos, 6 KOMOpbIX NPOBOOUMCS PACYEM HANPAICEHUN 6
coomeemcmeuu ¢ PI 10-400-01, oononnumenvruo 3aoaromces
credyowue OanHole:

TypCCoO — Tunm KOHCTPYKIIMM KOMIIEHCATOPOB: CHIIb(GOHHBIH (1), TMH30BBIH
(2), cunbQOHHBIA C MPOMEKYTOYHOW BCTaBKOH (3), JTMH3OBBIA C
NPOMEXYTOYHOI BCcTaBKo# (4);

a — Hapy>KHBIA AUaMeTp THOKOT0 JIEMEHTa, MM;

— BHYTPEHHHH JUaMeTp rHOKOro 3JIeMEHTa, MM;

— HOMUHaJIbHAS TOJIIIMHA CTEHKH TMOKOT'0 3JIEMEHTa, MM;
— mrar ropoB (mmupuHa rodpa), Mm;

— KOJIMIECTBO TOMPOB (JIHH3).

2.2.2.2. XapaKTepuCTHKHU apMaTypbl

Xurs Y Ziy — KOOPIMHATHI IIEHTPa Macc ITOKOB apMarypsl B riobansHOi CK
OTHOCHTENBHO CEPEIUHBI OTpPE3Ka, MOJEIHPYIOIIEro apMarypy,
MM;

P romy Mon— AOIyCKaeMble HArpy3Ku Ha naTpyOoku apmarypsl, KH, kHM.

SO Y gog
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2.2.2.3. XapaKTepHCTHKHU HEKOJIbIeBbIX ceYeHU

A, e, 1y, 1y, Ke, Kyp— reomerpudeckue XapakTepUCTHKH CTepxcHeg"I
HEKOJIBLIEBOTO CEUYEHHUS: IUIOMAJb MONEPEYHOr0 CEYEHUs, M,
IJIABHBIC [IEHTPATbHBIC MOMEHTbI HHEPLMH, M, 10 JTOKAILHBIM OCAM
X' 1 Y', KpyTH/IbHBIH MOMEHT HHEPIHH, M”, KO3DOUIHEHTE HOPMBI
(cmBura) mo mokamsHBIM ocsiM X' u Y';

o, — YTOJI TIOBOPOTa CTEPIKHEH HEKOJIBIICBOTO CEUCHHS BOKPYT CBOCH
ocu Z', Tpaj.

2.2.2.4. XapaKkTepucTHKHU (pJIaHIEB

D,d — HapyKHbBII U BHYTPEHHUU TUAMETPBI POKIA0K (IIAHIIEB, MM;

Py — yCIOBHOE (HoIyckaeMoe) JaBlieHHEe BO  (DIaHIEBBIX

coenunenunx, Mlla.

2.2.2.5. XapaKTepuCTHKH MITYIePOB 000pyA0BaHus (BPE30K)

Sx1s Sx21 Sx3 — JIMHEHHBIE J>KECTKOCTH “Bpe3oK” (y310B ‘‘mITymep-cocyn’,
“mrynep-obopynoBanue’) o HaIpaBJICHUAM MECTHOI
(ToxanmbHOM) X1, X2/ , X3/ JIeKapTOBO# cucTembl, KH/M;

Sas S» Sy — YTJIOBBIE JKECTKOCTH “BPE30K’ BOKPYT OCEH xll , XZ/, X3/, kH m/pag.

2.2.3. Harpy3ku u Bo3aeicTBHA

n; —  kod(pduireHT(bl) HAASKHOCTH IO Harpyske (Ieperpys3KH)
(rabmuma 2.1 [3], Tabauma 6.1 [4], Tabmuua 2.1 [5], Tabnuma 6.1 [6],
ta6muna 13" [7], TaGmuma 14 [8], Ta6mua 11 [9], Tabmuma 11 [10]);

ko — koo ¢umuent neperpysku [15], [2], [4];

Yi — K03 GUIUEHT TIeperpy3KH Mo TeMIepaTypHbIM aedopmariusm [3];

N; — “mratHoe” WK (HAKTHYECKOE YKMCIIO [IMKIJIOB HArPY>KEHUS ISl I-T0
pacdeTHOro pexxuMa (3a Bpemst IKCILTyaTalyn);

ri — KO3 QUIMEHT aCUMMETPHH [HMKJIA ISl I-TO0 PACUETHOTO PEeKHMA
(3a BpeMsl SKCILTyaTaIiN);

pi — pacyeTHOe BHyTpeHHee (Hapy)KHOe) JaBleHHE B TpyOOmpoBoje
U i-ro pacyeTHoro pexuma, MlIla;

Pa — naeneHue aprodperupoBanus, Mlla. 3amaércs mns mpsMmo- u

KpUBOJIMHEHHBIX TpyO mnpm pacuére no ACTPA-CB/J (I'OCT P
55600-2013);

Ti — pacyeTHasi TeMIiepaTypa CTeHKH TpyOBI (CpeaHsst TeMIeparypa) Juis
i-ro pacuetHoro pexum, °C;

T, — TeMIIepaTypa Ha BHELIHEH MOBEPXHOCTH CTEHKH TpYyObI, °C;

Ti(s)  — pacmpezesenue TeMeparypsl 1Mo TOJIMHE CTeHKH, °C;

Ti(h) - pacnpenenenue TemMiepatypsl 1o BeicoTe ceueHus, °C;

{g}={d., 92 g3} — BekTop pacmpeneneHHBIX MOTOHHBIX CTATHYECKHUX

HAarpy30K Ha TpyOompoBox mo HampaBieHHsM Xi, X, Xz (03 —
BecoBas Harpyska), KH/m;

m; — TIOTOHHBIM pacmpeneNeHHBIi MOMEHT OT HEepPaBHOMEPHOTO
pacripezieseHus TeMIlepaTypsl 10 BEICOTe cedeHust, KHm/M;

{P}={P1, Py, P3, My, M,, M3} — BekTop 3aJaHHBIX COCPEIOTOYCHHBIX
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muaerHsx (P, Py, P3 — B kH) un yrmoseix (M;, M, M3 — B kxHm)
Harpy3ok (mo ocsiMm X, Xp, X3) HWMHUTHPYIOUIMHA CTaTHYECKOE
JieiicTBHEe apMaTrypbl U OOOpYJOBaHHUS, a TaKKe BO3MOXXHYIO
CTaTHUUYECKYIO COCTAaBIISIOILYIO PeaKMK ceicMo- 1 Bubpooriop, kH;

{u}o={u;, Uy Uz oy, dy Og}o — BEKTOp 3aTaHHBIX HAYAIBHBIX (,
TeMIepaTypHbIX) JHHEHHBIX (U, Up, U3 — B MM) M YTJIOBBIX (O, 0Ly,
O3 — B pajl.) IepeMenIeHnil “MepTBhIX KOHIIOB M OIOP; UMHTUPYET
BIMsSHHE OOOpYJOBaHMS W JPYTMX CHCTEM, HE BKJIIOYCHHBIX B
pacyeTHyIo cxemy;

{8}={81, &, &5} — MomTaKHBIA HATAT, 3a1aHHBIA B MECTHOI cHCTEMe
KOOpJUHAT (Xll, X, X/3) CEYECHMs] IPSIMOJIMHEMHOM 4YacTu
TpyOOIpOBOIA, MM;

{ai(fi)}123 — pacueTHble CHOEKTpPbI OTBeTa; 3aJAlOTCS B BHAE TAOMIHUII
(otmpoBaHHBIX TPaMKOB) MAKCUMAIBHBIX peakluil (yCKOpeHHH a;
M/CZ, mo HampaBieHUsIM Xj, Xp, X3) JHHEHHOTO OCHWILIATOPA,
YCTQHOBJIGHHOTO Ha OTMETKEe KpeIluleHHs TpyOompoBosa, Ha
ceiicmuueckoe Bo3meiictBue ypoHs II3 w (mmm) MP3 B
3aBUCHMOCTH OT ero cobctBenHoi 4actotel T (' wiu pan/c) npu
3aIaHHOM YpOBHE JIeMII(pHPOBaHHUS;

{ai(t)}123 — pacueTHBle axceneporpaMMbl: 3aJaIOTCS B BHAE TaONMII
(orm(poBaHHBIX TpadyKOB) CefiCMUYECKHX YCKOpeHHi a; (M/c?)
OTMETKH KpeIUIeHus TpyOompoBoaa mo HampaBiIeHHsIM X, Xp, X3 B
JMCKPETHBIC MOMEHTHI BpeMeHH t; (C);

{ai(t)}i2s Vit 2z {ui(t)}2s — Habop pacdeTHBIX aKcereporpamm
(yckoperus, M/c?), BemocurpamMm  (CKOpPOCTH, M/C) ®  (WIIH)
ceficMorpaMMm  (TepeMeIneHus, M) Ha Pa3IdYHBIX OTMETKax
KperuieHust TpyOompoBoga (mas  ydera “HemaTpopMEeHHOro”
a¢dekra);

Ok — k-s1 wacrora JE€TEPMHHHPOBAHHOTO (THAPO)IAUHAMHIECKOTO
BO3/IeHicTBUSL  (BKJIIOYAss COOCTBEHHBIE YaCTOTBHI aKyCTHUECKHX
KoJieOaHui TeruioHocuTeNs ), ' wiu pan/c;

{F®)} —  neTepMHUHHPOBAHHBIC  TOJHIAPMOHHYECCKHE  CHJIOBBIC
BO3/ICHCTBUS, 3aJaHHbIE B CEUCHUSX T'MOOB, KOJIEH, TPOWHHKOB,
NIePEeXOJHUKOB M apMaTypsl B BHJe TaOMUubl ux ammmry Fy (xkH),

yactoT (pam/c wiu ') u caBuroB no ¢ase @k (rpan), | — HOMEp
ceyeHus, K — HoMep rapMOHHMKH CUJIbI B 3TOM CEYCHHUH;
{Fi(t)}123 — wabop CHIOBBIX BO3OYKICHHIM B pPasIMUIHBIX CEUCHHUIX

TpyOOIpOBOa, KOTOPHIE 3aal0TC B BHAE TaOMuUI (onn(pOBaHHBIX
rpadukoB) yewmit F; (kH), neiictByromux B ceuernu TpyOomnpoBoaa
no HanpasieHusIM Xi, X, X3 B JUCKPETHbIE MOMEHTHI BpeMeHH 1;
(c);

{Pi(t)} — wHabop CcHIOBBIX BO30OYXIECHHH B pPa3IUUYHBIX CEUECHHIX
TpyOOIPOBOa, KOTOPBIC 3aMal0TCs B BHJE Ta0mull (onudppoBaHHBIX
rpajgukoB) paBnenuid P; (MIla), nedicTByrommMx B CEUCHUHU
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TpyOOIIPOBO/Ia B AUCKPETHBIC MOMEHTHI BpeMeHH t; (C);

(0)™", (0)r™", (Oap)k™" —  IONOJHUTENbHBIE  MECTHBIE  HAIPSKEHHUS
(3agarorcs nipu pacuére no ACTPA-ADC, ACTPA-CYJIIPOM) nns
2, 3, 4 rpynm pacuéTHBIX HanpspxeHui, Mlla.

Ilapamempor  memnepamypuvix ucmopuii  (3aoaromess o ACTPA-
HEDOTEXUM (I'OCT 32388-2013), ACTPA-TEIIJIOCETbH, ACTPA-

MAT'UCTP):
Jlna memannos:
T — mepermnaj TeMIepaTyphl B LUKIIE i-r0 TUIIA, TPA;
At; — WHTEpBaJl BpEeMEHH, B paMKaX KOTOPOTO IPOHCXOIUT
MOBTOPEHUE YKA3aHHOTO KOJIMYECTBA [IUKJIOB i-T0 TUIIA,
Noi — 4acToTa MOBTOPSHUIT IIMKJIA 32 YKa3aHHBII HHTEPBAJI BPEMEHH.
s nonumepos: (monvko ACTPA-HEDTEXUM (I'OCT 32388-2013):
t; — TeMIIepaTypa B CTeHKe TpyObl wim netand, °C;
Ti — BpeMs HENpepbIBHOTO JEHCTBUS TeMmepaTypsl ti, KoTopoe
MaTepHual MOXXET BbLIep)KaTh 0e3 pa3pyLIeHus, U,
TypTem — Tun Temmeparypsl: llpmHMMaer 3HaueHus Pabouas,

Asapuiinas v Makcumanvuas. Tunsl Asapuiinas w Makcumanvhas 3alaloTCs
TOJIKO OJINH pPa3 B TEMIEPaTypHOIl HCTOPHH.

2.2.4. Du3uko-MexaHHYeCKHe XapaKTePUCTUKH MAaTePHAJIOB

E — MOy (MOAYJIN) YIPYTrOCTH MaTepuaia TPyObl Ui paCUCTHBIX
pexumon, Mlla;

vi(u) - xosdpdurment Ilyaccona (ams cramum OOBIMHO MPUHHMACTCS
v'=0,3);

B'(a") - xodddurment mumeiiHOro TemmeparypHoro pacumpenus; 1/°K;
1/°C;

X, O — K03 UIMEHTH YCPEeOHEHUS W pellaKCallii KOMIICHCAITHOHHBIX

HampsDKeHUd, TpuHuMarotcs mo [1-4], 3agaroTcs ans pacuera
BBICOKOTEMIIEPATYPHBIX TPyOOIPOBOIOB;

) — JIEKpPEMEHT KoJieOaHuil, 3aBUCSILIUIA OT BHYTPEHHEH TUCCUTIAIIH
SHEpPruM B MeTajlule, CBapHBIX COCAMHEHUSIX M CUCTeMe “‘TpyOa-
TEIUIOHOCUTENP” W T.I. (Ui OICHKH CEHCMOCTONKOCTH,
BUOPONPOYHOCTH U TMHAMUUYECKOM pEeaKiin);

R'.,  —mpezen ycTanocTH HpH CUMMETpHUYHOM Iukie, MITa. 3axaéres mis
pacuéra no ACTPA-BUBP.
a — K03((HUIMEHT TPONOPLHUOHAILHOTO JeMII(UPOBaHHUS MO Macce

(IUIsT OIICHKH CEHCMOCTOMKOCTH, BUOPOTIPOYHOCTH M TUHAMUYIECKOM
peaxiym), c"l;

B —  KO3(pOUIMEHT MPOMOPIUOHAIEHOTO  JIEeMIIPHPOBAHUS IO
JKECTKOCTH (VTSI OLIEHKH CEHCMOCTOHKOCTH, BHOPOTIPOYHOCTH U
TUHAMUYECKOHN peaKIiin), C;

2.2.4.1. ACTPA-ABC, CYAIIPOM.

TypMat— tiun matepuana: nHeaycreHutHas (1) wim aycteHnTHas (2) cranb;
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RTpo,z — YCIJIOBHBIM Ipeesn TEKYYECTH JUIsl pacUeTHBIX peskuMoB, MIla;

R'm — MUHMMQJIBHOE BPEMEHHOE COINPOTHBIEHHE JUII pacyeTHBIX
pexumos, Mlla;

R mt — JIUTENBHBIN Mpeaen MPOYHOCTH (JUIL BPEMEHH | SKCIUTyaTaluu

BBICOKOTEMIIEPATYPHBIX ~ TPYOONPOBOJOB)  UII  pacyeTHBIX
pexumoB, Mlla;

[oa] — JoIycKaeMas aMIUINTY/1a IPUBEICHHBIX HanpsbkeHuil, MlIla;

0, P —  KO3(pHUIMEHTHl CHIDKEHHS TPOYHOCTH MPOJOIBHOTO |
MIOTIEPEYHOT0 CBAPHOTO IIIBA.

2.2.4.2. ACTPA-TOC:

TypMat— tun matepunana: HeaycteHuTHas (1) win aycteHuTHas (2) cranb;

[o] — JOIyCKaeMO€ HOMMHAIBHOE HANpsHKEHUE UL PacUeTHBIX
pexumoB, MIla (pasmen 2 [2], B 3aBHCHMOCTH OT PaCUeTHOTO
pecypca);

T — pacu€THBIN pecypc, U;

[o2] — JIoIycKaeMas aMIUIMTYyJa HalpsDKeHHH Ui 3aJaHHOTO dYHCia

LUKJIOB HarpykeHusi (IIyCKOB) TpyOONpoBOJa 3a BeCh MEPHOA
skcrutyataiuu, MIla (m1.5.2.7.3, puc. 5.15 [2]);

Ow, Qpy— KOIQOUIMEHTHI CHWKCHHS IPOYHOCTH IPOJOJIBHOTO |
MOTIEPEYHOT0 CBAPHOTO I1IBa;

R'm — MUHHMMaJIFHOE BPEMEHHOE COIPOTHBIIEHHE [UIs pacyeTHBIX
pexumos, MITa.

2.2.4.3. ACTPA-HE®TEXHM (PTM 38.001-94):

TypMat— tun marepuana: HeayctennTHas (1) nnm aycreHutHast (2) cTaib;

[6®] — nomycTuMble Hanpsokerns npa T=20"C, MITa (m.n.3.1 u 3.2 [3]);

A, — TeMnepaTypHbIi KodQduImeHT onpenensemMblid no Tadbmuue 3.1
(31;

®, Qy; — KOIDOULMEHTH CHIDKCHHS TPOYHOCTH TPOAOJBHOTO |
MONEPEYHOT0 CBAPHOIO 1IBA;

R'm — MHHUMAQJIBHOE BPEMEHHOE CONPOTHBICHHE MJIs PacUeTHBIX

pexumos, Mlla.
2.2.4.4. ACTPA-HE®TEXHM (I'OCT 32388-2013):
TypMat— tun martepmana: yriaepomucras cranb (1), HU3KOIETHpOBAaHHAS
cranp (2), aycteHnTHas ctanb (3), aJIOMHHUN U €ro CIuiaBel (4),
Menpr U e€ cruiaBbl (5), TUTaH W ero caBbl (6), TOTUMEPHBII
marepua (tu 1) (7), noiaumepHbIit Matepua (tu 2) (8).
s munoe mamepuanos 1-6 (memann):

Gyt —MUHHMAaJbHOE 3HAu€HHE BPEMEHHOI0 CONPOTHUBIECHUA (Tpeaerna
MIPOYHOCTH) NP PACTSHKEHUH JUIS PacueTHBIX pexumMos, MI1a;

Opit — MHUHHMMAJIBHOC 3HAYEHUE Ipefesla TEKY4YeCTH Ul PacueTHBIX
pexumoB, MIla;

G — MUHUMAQJIBHOEC 3HAYE€HUE YCIOBHOIO IIpeleNna TEKydecTd

(HampspKeHHE, TPH KOTOPOM OCTAaTOYHOE YAJIMHEHHE COCTABIISCT
1,0%) msa pacueTHbIX pexumos, MI1a;
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Gozt — MHHUMadbHOE 3HAYCHHWE YCIIOBHOTO IIpelela TeKy4ecTH
(HampspKeHHe, TpU KOTOPOM OCTAaTOYHOE YAJIMHEHHE COCTaBIISET
0,2%) ans pacueTHbIX pexumoB, Mlla;

621005 — YCJIOBHBII TIPeJieN JTMTEIBHON MPOYHOCTH Ha pecype 2-10° u s
pacueTHbIX pe:xxumos, MIla;

O12410%5t —  YCJIOBHBI  TpeAen  MONA3ydyecTH  NpH  PaCTSDKEHUH,
o6ycnosmuBarommii nepopmarmio 1% 3a 2-10° 9 s pacdyeTHbIX
pexumoB, MIla;

Eant — OTHOCHTENBHAs TulacTHyeckas aedopManus B MOMEHT IOTEPH
YCTONYMBOCTH JUTS PACYCTHBIX PEXKUMOB;

Gsct  — MUHHMAJbHOE 3HAa4YeHHE BPEMEHHOTO CONPOTHBICHHS (Ipenera
MIPOYHOCTH) TIPH CKATUH I PACUETHHIX pekumMoB, MIla;

Go2cit — YCJIOBHBIM IIpefeNl TEKy4eCTH IPH CKaTUM Uil PacH4eTHBIX
pexumoB, Mlla;

Ts — Ipeac MpOYHOCTU NP YUCTOM CABHUIC JJId paCUCTHBIX PEKUMOB,
Milla;

TT — Opeaeci TEKy4€CTH MpU YUCTOM CABUTE JId PACUCTHBIX PEKHUMOB,
MIla;

A — KO3 PHUIUEHT U1l pacyéTa MaIOUMKIOBOH ycranocty, MITa;

B — KO3 PHUIUEHT JUIsl pacyéTa MaNoUMKIoBo# ycranocty, MIla;

Ad — KO3 PHUIUEHT JyIsl pacyéTa MaJOUMKIOBOH ycTanocty, °C;

oy — K03(pPUIMEHT CHIKEHUSI IPOYHOCTH IIPOAOJILHOTO CBApHOTO IIBA;

Ow — KO3 PUIMEHT CHMKEHHS IPOYHOCTH MONEPEYHOT0 CBAPHOTO IIIBA
IIPU pacTsHKEHUH;

Qbw — KO3 PUIMEHT CHMKEHHS TPOYHOCTH MONEPEYHOT0 CBAPHOTO IIIBA
pu u3ruoe;

Ny — K03 pHIMEHT 3amaca 1o npeaety NpoYHocTy, (mm. 5.3, 12.1 [4]);

Ny — K03(GUITHEHT 3armaca 1o npeaey TekyuectH, (. 5.3, 12.1 [4]);

Ny — k03¢ urment 3amaca Mo HpeAeNy JIUTETBHON MPOYHOCTH, (II.
5.3, 121 [4]). Wcmomb3yercst Uit BBICOKOTEMIIEPATYPHBIX
TPyOOIIPOBOIOB;

Ny, — k03 (hUIMENHT 3amaca 1o npeaeny noiasydectd, (mm. 5.3, 12.1 [4]).
Hcnonp3yeTcs Aisl BRICOKOTEMIIEPATypHBIX TPYOOIIPOBOIOB;

Nyi — KOX(HUIMEHT 3amaca o Mpenesly HPOYHOCTH MPU HCHBITAHUSX,
(mm. 11.1.2 [4]);

Nri — KO3 QUIUEHT 3amaca Mo MpeAeTy TEKy4ecTH IPH HCIBITaHMSX,
(mo. 11.1.2 [4]);

n —  TIONpaBOYHBIA  KOX(PQUIMEHT,  YYUTHIBAIOIIMHA  YCIIOBHS
9KCILTyaTalluu TPyOOIPOBOIOB;

Ny — k03¢ urmenT 3amaca MPOYHOCTH 1O YUCITY IUKIIOB;

Ny — k03¢ urmenT 3amaca MPOYHOCTH TI0 HATIPSKEHISIM.

s munos mamepuanog 7-8 (noaumep):

E — MOAYJb MOJ3YYeCTH MaTephaa NP PAcTSDKEHHH IPH XOIOJHOH

temreparype , Mlla;

Mocksa, 2021 37



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2021

38

Al — K03 (UIHEHT [UIsT BETBH | KPHBOM [UIMTEIBHOW MPOYHOCTH A
(tabmmma 13.2 [4]);

Bl — koadduupeHT aust BeTBM 1 KPHBOM AnMTENbHOM npoyHoctd B
(tabmuma 13.2 [4]);

Gl — koddurment mis BerBu 1 KpuBoW umuTenbHOW mpouHoctH G
(tabmuua 13.2 [4]);

J1 — K03 HUIMEHT JuId BEeTBH | KPHBOHW IIMTENFHOH MpodHOCTH J
(tabmuua 13.2 [4]);

A2 — K03 (UIMEHT UTST BEeTBH 2 KPHUBOH UIMTEIFHOW IPOYHOCTH A

(tabmuma 13.2 [4]). 3amaércs amsa tuma matepuana «[lomimepHsrit
MaTepua (Tat 2)»;

B2 — K03(h(UIMEeHT I BETBH 2 KPUBOW IIHMTENBHON mpodHocTH B
(tabmuma 13.2 [4]). 3amaércs anmsa tuma matepuana «[lommmepHsrit
MaTepua (TUm 2)»;

G2 — kod(ddumeHT s BeTBUM 2 KpUBOW UIUTENbHOW mpouHoctH G
(tabmuma 13.2 [4]). 3aga€res mist Tuna matepuana «llomumepHbIit
MaTepual (Tul 2)»;

J2 — KO3 UIMEHT Uil BETBH 2 KPHUBOW JIMTENFHOH MpOYHOCTH J
(tabmuua 13.2 [4]). 3amaéres s tuma matepuaia «[lomrmepHbIid
Marepua (T 2)»;

Kiw — pacuérHbll Kod(dduIMeHT 3amaca MpoYHOCTH s pabouen
temnepatypsl < 20 rpap (tabnuua 13.4 [4]);

Kiw — pacu€THBI KOX(QQUIMEHT 3amaca TPOYHOCTH I paboueit
Temrepatypsl > 20 rpax (tabnuna 13.4 [4]);

Kia) — pacy€THBI KOX(pUIHUEHT 3armaca MPOYHOCTH IS MaKCHMAaIbHOM
Temrepatypsl (Tabmuna 13.4 [4]);

Ki — pacu€THeId KOX(pQHIMEHT 3amaca NPOYHOCTH JJIs aBapUIHOU
Temrepatypsl (Tabmuna 13.4 [4]);

K, — K03 PUITHEHT yCI0BUil paboThI TpybompoBoa (Tabuma 13.5 [4]);

K. — K03(hGHUINEHT TPOYHOCTH COEIUHEHHs TPYO U Jeraneil (Tabnuia
13.6 [4]);

K, — KOG QHIMEHT XUMHUYECKOW CTOMKOCTH MaTeprana Tpyo;

K, — K03 PUIMEHT yCITOBHI POKIAIKH;

K. — K03(hOUIMEHT, YYUTHIBAIOLIMI BIMSHUE TEMIEpaTypsl Ha

nedopMalMoHHbBIe CBOMcTBa Mareprana (Tabmwuma 13.7 [4]).
2.2.45. ACTPA-TEIZIOCETb (P[] 10-400-01):
TypMat— tun maTepuana: HeaycreHutHas (1) wim aycteHnTHas (2) cranb;

[o] — JOmycKaeMoOe HOMHHAJIBHOE HANpsHKEHHE Ui PacueTHBIX
pexxumoB, MIla (pasmen 2 [2], B 3aBHCHMOCTH OT PacyYeTHOrO
pecypca);

Ty — pac4€THBIN pecypc, d;

R'm — MHHHMANbHOE BPEMEHHOE CONPOTHBICHHE U1 PACUETHBIX
pexumoB, Mlla;

QOw, @4  — KO3hOUIMEHTH CHIKEHHS MTPOYHOCTH CBAPHOTO COCTUHEHHUS U
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ocnabyieHnit (OTBEPCTHH).

2.2.4.6. ACTPA-TEIVIOCETBH (I'OCT P 55596-2013):
TypMat— tun marepuana: HeayctenuTHas (1) unu aycrenutHas (2) crajb;

O/t

Op/t

Qy
Qw

Qbw

— MUHHUMaJIbHOE 3Ha4€HHE BPEMEHHOT'O COIPOTHBIIEHHUs MaTepHaia
pa3phIBY (TIpesena MpOYHOCTH) JUIS pacyeTHBIX peskumoB, MIla;

— MUHMMaJIbHOE 3HAYeHHWEe Ipejesia TEKyuecTH MaTepuana Juis
pacueTHbIX pexxumoB, MIla;

— KOO PHUIIUESHT CHIDKEHHUS TPOYHOCTH IPOJIOIBHOTO CBapHOT'O 1IIBa;
— KO3 PUIMEHT CHIKEHHS TPOYHOCTH MONEPEYHOTr0 CBAPHOTO I1IIBA
IIPU pacTsHKEHHH;

— KO3 PUIMEHT CHMKEHHS TPOYHOCTH MONEPEYHOT0 CBAPHOTO IIIBA
pu u3ruoe.

2.2.4.7. ACTPA-MAT'HCTP (CHull 2.05.06-85, CII 36.13330.2012):
TypMat- tun matepuana: HeaycteHuTHas (1) wim aycteHnTHas (2) cranb;

R."

R,"

— HOPMATHBHOE CONPOTHBIICHHUE PACTSIKEHHIO-CKATHUIO METaslia
TPyO M CBapHBIX COSIUHEHHMIl, paBHOC MHHUMAILHOMY 3HAuCHHUIO
BPEMEHHOT'O COMPOTHUBIICHUS I PaCYETHHIX pexxuMoB, MI1a;

— HOPMAaTHBHOE COINPOTHUBIICHUE PACTSHKCHHIO-CKATHIO MeTajlla
TPYO M CBAapHBIX COSIUHEHHMI, paBHOC MHHUMAILHOMY 3HauCHHIO
npezesa TEKyYeCTH ISl pacUeTHBIX pexxuMoB, MIla;

— k03 durmert ycioBuit paboTel TpyOOIpoBona (Tabmmma 1 [7,
8));

— KO3 PHUIMEHTHI HAJEKHOCTH N0 Matepuany (Tabmuist 9, 10 [7],
tabuumer 10, 11 [8]);

— KOO(DUIMEHT HAJSKHOCTA MO HA3HAYCHUIO (OTBETCTBEHHOCTH)
TpybompoBoaa (tabnwira 11 [7], Tabmuria 12 [8]);

— k09DDUIMEHT HAXEOKHOCTH Mo Harpyske (tabmmma 13° [7],
tabmuna 14 [8]).

2.2.4.8. ACTPA-MAT'HCTP (I'OCT P 55989-2014):
TypMat— T maTepuana: HeaycreHutHas (1) wim aycteHnTHas (2) cranb;

Oy

Oy

Yd

Ymu
Ymy
Y~

Mocksa, 2021

— HOPMAaTHMBHOE COMPOTHBIEHHE Marepuana Tpy0 H CBapHbBIX
COCAMHEHWI, paBHOE HOPMAaTHBHOMY TIpelelly  HPOYHOCTH
(BpeMEHHOMY CONIPOTHUBIICHUIO) IS PACUETHBIX pekuMoB, MIla;

— HOPMAaTHUBHOE CONPOTHBIEHHE Marepuasa Tpy0 M CBapHbBIX
COCAMHEHUH, paBHOE HOPMATHBHOMY TMIpeleNly TEKy4ecTH Ui
pacueTHbIX pe:kumos, MIla;

— k03 duIMeHT ycnoBuilt paboTel TPyOONPOBOAA MPU pacueTe ero
Ha IPOYHOCTh, YCTOHYMBOCTD U AehopMaTHBHOCTH (Tabmuua 13 [9]);
—K03(hGULIMEHT HAIEKHOCTH 110 MaTepHaly TpyO Ipu pacuére no
npovHocTH (Tabmuua 12 [9]);

— K03 (UIMEHT HAAKHOCTH TI0 MaTepuairy TpyO mpu pacdére mo
TEKy4eCTH;

K03(hUIMEHT HaJeKHOCTHU 10 OTBETCTBEHHOCTH I'a301IPOBO/IA;
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Yo —k03(hGULKEHT HAJIOKHOCTH 110 HArpy3Kke (BHYTPEHHEMY JaBJICHUIO)
(taba. 11 [9]);

TypTSu— Tun TpaHCHOPTUPYEMBIX BELIECTB: He ykazaHO (1), MMIyJIbCHBIH
WJIN TOILIMBHBIN ra3 (2);

WorCon — ycnoBus paboThI: KcIuTyaTanus (1) WiId CTPOUTEIBLCTBO
2).

2.2.4.9. ACTPA-MAT'HCTP (I'OCT P 55990-2014):

TypMat— tun marepuana: HeaycteHuTHas (1) uinm aycreHutHast (2) cTajb;

Ou — HOPMATHBHOE CONpPOTHUBICHHE MaTepuaga TPyO0 M CBapHBIX
COCNMHCHUIl, paBHOE HOPMATHBHOMY TIpelely  IPOYHOCTH
(BpeMEHHOMY COIPOTHBIICHHIO) IIPH pacyETHOH Temmeparype, MIla;

oy — HOPMATHBHOE CONpPOTHUBIECHHE MaTepuaga TPyO M CBapHBIX
COCIMHEHUHl, paBHOE HOPMATHBHOMY Hpenely TeKy4ecTH HpH
pacuétHoil Temneparype, MIla;

Yd — ko3 duIMeHT ycnoBuid paboThl TPyOOIPOBOIA TPU pacdeTe ero
Ha TPOYHOCTh, YCTOHYMBOCTb M JedopMaTHBHOCTH (Tabimma 13
[10);

Yds - ko3 urmeHT YCIIOBHH paboTsl TpyOorpoBoa,

TPAHCIIOPTHPYIOIIETO CEPOBONOPOACOAEPIKAIAE TIPOAYKTHI, IIpU
pacuere ero Ha MHPOYHOCTH, YCTOWYMBOCTE U He(OPMATUBHOCTH
(tabnuma 14 [10]);

Yru —K03(hGUIMEHT HAZEKHOCTH 10 MaTepHaly TpyO Ipu pacuére mo
npounocTy (Tabmuma 12 [10]);

Ymy — K03 (UIMEHT HAAKHOCTH TI0 MaTepuairy TpydO mpu pacdére mo
TEKy4eCTH;

Yo— K03 bUIMEHT Yrp—K0dQDHUIIMEHT  HAJEKHOCTH IO  Harpyske

(BHYTpeHHeMY maBienuro) (tabum. 11 [10]);

TypTSu— Tun  TpaHCOPTHpYeMbIX  BellecTB: He ykazaHo (1),
CEpOBOIOPOACOIEPIKAIINE TPOITYKTHI (2).

WorCon — ycnoBus paboThI: 3KciuTyaTanus (1) WIH CTPOUTEIECTBO
2).

2.2.4.10. ACTPA-CBJ (I'OCT P 55600-2013):

TypMat— tun marepuana: HeayctenuTHas (1) unm aycreHutHas (2) cTaib;

Ryt — MUHUMAaJIbHOE 3HAYeHHUE IMpefaena TEeKydeCTH IS pPacdeTHBIX
pexumon, Mlla;

R — MHHUMaJIbHOE 3HAUY€HHE BPEMEHHOT'O CONpPOTHBIEHUS (Ipeaena
MIPOYHOCTHU) JUIsl pacUETHBIX pexxuMoB, Mlla;

Yt — OTHOCHTEIIBHOE Cy)XeHHe 00pa3sia JJIsl pacyeTHBIX PeXUMOB, %0;

O — OTHOCHUTEJBHOE Y/UIMHEHHE 00pasla JUlsl pacyeTHBIX PEKUMOB,
%;

Ne — K03 GHUIMEHT 3araca NPOYHOCTH 110 HANPSKSHUSIM;

Ny — k03¢ GHUIMEHT 3araca NPOYHOCTH 10 YHUCITY LIUKJIOB;

Ks — TEOPETUYECKHH KOI(PPHUIUESHT KOHLEHTPALUH NPUBEICHHBIX

YIPYTUX HaNpsHKEHUH.
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2.2.4.11. ACTPA-CBJ] (P PTM 26-01-44-78):
TypMat— tun wmarepuana: yrmepoaucras (1), Hu3KomerupoBaHHas (2),
aycreHuTHas (3) cTab;

(N — MUHHUMAQJIbHOE 3HAY€HHUE BPEMEHHOTO CONPOTHUBJICHUS MaTepuaia
paspeiBy (Tipejiesia MPOYHOCTH) [Tl pacUETHBIX peskuMoB, MI1a;
Ot WU G) — MHHUMaJbHOE 3HA4YEHUE IIpejesia TEeKydecTH WU

YCIOBHOTO TMpejeNia TEeKy4ecTH MaTepuana JUisl pPacu€THBIX
pexumon, Mlla;

O, ¢, — KOIPOUIMEHTHl CHIDKCHUS TNPOYHOCTH TPOAOJIBHOTO |
MOTIEPEYHOT0 CBApHOTO IIIBa;

Ne — K03 GHUIMEHT 3araca IPOYHOCTH 110 HAITPSHKSHUSIM;

N — K03 GHUIMEHT 3araca IPOYHOCTH 110 YHCITY IIUKJIOB;

o} — KOO PHUIIUEHT YyBCTBUTEIHLHOCTH MaTepHasia K KOHIIEHTPALUH;

O — TEOPETUYCCKUIT KOIPPUIIMEHT KOHIICHTPALVIH;

n — k03¢ urmenT 3amaca MPOIHOCTH.

2.2.5. JlonmoJiHHTe/IbHbIE XapPAaKTePHCTHKH TOA3EMHBIX M Ha3eMHBIX
TPYOONIPOBO/IOB 0eCKAHAJIBLHOI MPOKJIAJAKH B IPYHTE

Dy — InaMeTp KOXKyXa M30JIAIHIU, MM;
H — BBICOTA 3aCHINKH (TNIyOHHA 3aJI0)KEHHS 110 BEPXHEH OTMETKE), MM;
B — IMpHHA TpPaHIIEW Ha YpOBHE BepxXHEH oOpasylomel Koxxyxa

H30JISAIAHN, MM;

TypGru— tum rpysTa (Tabauua 2.2, npum. [5]);

N — KO3 HUIMEHT, 3aBHCAMMHA OT KOHCTPYKIMH H3OJSIUH H
XapakTepa Harpyxenus, [4, 5];

TypCCu — Ttun kommeHcupytomei moxymku: wmsrkas (1), cpemmss (2),
xkéctkast (3);

Su — TOJNIIMHA KOMIICHCUPYIOIIEH MOIYILIKH, MM.

Honornumenvuvie napamempor ACTPA-MAT'UCTP (TOCT P 55989-2014,
T'OCT P 55990-2014):

o — YToJ MEeXIY OCHOBAaHHEM M OTKOCOM TPaHILCH, rpa;

Ko, — KO3 (HUIMEHT, YYNUTHIBAIONIMI YMCHBIIICHHE TUIOTHOCTH TPYHTa
3aCBINKH [0 CPABHEHHIO C TPYHTOM HEHAPYIICHHON CTPYKTYPHI.

2.2.5.1. XapakTepuCTHKH IPYHTA OCHOBAHUS, 3aCHINKH, 0TKOCOB

Enp — MoayJib nedopmanuu rpynTa, MIla;

Vip — ko3 dunuent [lyaccona rpyHra;

Prp — IVIOTHOCTb IPYHTA, T/M>;

Prp — YroJ BHYTPEHHEr0 TPeHUs TPyHTa, IPaj;

Crp — koa(dumeHT cueruieHus rpynra, Mlla;

e — KO3 PUITEHT TOPUCTOCTH TPYHTA;

R — HecyIas crnocoOHocTh rpyHTa, MIla;

Cxo — KO3()(UIMEHT CONMPOTHUBIECHHUS IPOAOJIBHBIM IE€PEMELICHUSIM

rpynTa, KH/M.
2.2.5.2. XapaKTepuCTHKH U30JIAIMH
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2.2.5.2.1. ACTPA-TEII/IOCEThb:
Typlzo — tun w3omsanun: vet (1), neHononmypetas (2), monmumep6eroH (3),
apMorieHo0eToH (4), outymnepaur (5), urymrepamsut (6);

Enny  — MOZynb ynpyroctu neHonoljiypeTaHa npu padboueit Temmneparype,
Mlla;
Em — MOAYNb YIPYTOCTH IIOJIM3THIICHOBOH OOOJOYKM Npu paboueit

temnepatype, MIla;
[6luny — momyckaeMoe HOPMATHBHOE HAMPSDKEHUE B MTEHOMONINYPETAHE MPH
paboueii Temneparype, Mlla;

[tlomy — [momyckaemoe HampsbKEHHE CIOBHra B IEHOIOJNMYPETaHE MpU
paboueii Temneparype, Mlla;
[6lns — nomyckaemoe HOpPMAaTHBHOE HANpPSIKEHHE B MOJHITHICHOBOM

o0osouke pu paboueii Temnepatype, MI1a.
2.25.2.2. ACTPA-HE®TEXHM  (I'OCT  32388-2013), ACTPA-
TEIIVIOCETb:
Koi — ko3¢ dunuent nocrenu m3osaunu (st ACTPA-TEII/IOCETH (P
10-400-01) ompenensieTcss TPOrPaMMOM IO 33AaHHOMY THITY
H3OJISIUH ), xkH/M®,
2.4. Pe3ynpTaToM KaKIOTO BHAA MOBEPOYHOIO pacueTa SBISETCS, MPExXIe
BCEro, OLEHKa HalpsHKeHHO-Ae()OPMUPOBAHHOTO COCTOSIHMSI M TPOYHOCTH BCEX
3JIEMEHTOB (CeueHHi) TpyOONpOBOAOB IO COOTBETCTBYIOIIEMY Kpurteputo. Kpome
TOTO, OIPENENISIOTCA HAarpy3KH Ha NaTpyOKu apMaTypsl M1 000pyJOBaHHMS, HA OTIOPHBIE
U CTpPOMTENbHBIE KOHCTPYKIMU. [IpeaycMoTpeH aBToMaTH3NPOBaHHBIN PEKUM BbIOOpa
“OoNnTUMaNBHON” CTPYKTYpBl TPYKMHHBIX HoaBecok coprameHta OCT, MBH,
cnermanbHbIX npyxud BHUIIUOT (y4er TemnepaTypHOTo y/UIMHEHUS TST) U IPYXHUH
¢upmbl LISEGA. Berancnsitores Taxoke epeMenieHus 1 CHIoBble (GpakTopsl (YCHIUs 1
MOMEHTBHI) B TOPIEBBIX CEYECHHUSAX (PAaCOHHBIX HIIEMEHTOB, KOTOPHIE 3aT€M MOTYT OBITh
WCIIONIb30BAaHbl KaK TPaHWYHBIC YCJIOBHS ISl MX YTOYHEHHOTO pacdera (a Takxke
aHamM3a YCTOWYHMBOCTH) WM [UIA pacyeTra CYIIECTBEHHO Ooiee  THOKHX
TpyOOIIPOBOAHBIX CUCTEM, IPHMBIKAIOIINX K 3TUM CCUCHHSM.
{u}={uy, Uy, U3, a4, o, O3} — BeKTOp MepeMenieHuii (IMHERHBIX Uy, Up, Us,
MM, W YTJIOBBIX O, O, O3, Paja.) CEUEHWHA W Y3JIOB pPacuYeTHOU
MOJIETIH;
{N}={Qy1, Qx2: Qxz, My1, Myo, M,3} — BekTOp Harpys3ok Ha “MepTByIO0” OLOPY
(matpy6ox apMaTypsl 1 000pyIOBaHUS, 3AIIEMIISIONINE OMOPHBIE U
CTpOUTEIbHBIE KOHCTPYKIMH): cHibl Qy, Qxz, Qxs (KH) 1 MOMEHTBI
Mxl: Mx21 Mx3 (KHM),

{N}={N,, My, My, M;} — BeKkTOp 3HAYHMBIX CHIOBBIX (PaKTOPOB B
pacyeTHBIX CEYEHHSIX

N, — oceBoe ycwime, KH;

My, My, My — usrubaromue 1 KpyTAIUiA MOMEHTBI, KH-M;

Qx, Qy — MOMIEpEYHBIE YCUITHSI B PACUETHBIX CEUCHHUSX;

{P}={Px1, Px2, Pxs} — BekTOp Harpy3ok Ha OIOpHBIE KOHCTPYKIIUH

(Ipy>XMHHBIE TTOJJBECKH, OTIOPBI CKONBXKEHHSA U 1Ip.), KH;
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®;
{0}
i

Konebanni, i=1

Mei
i=1,2,..,p
M

ei

2,..,p

Gy(0),

T

Gy Or
KOMITIOHEHTBI HOpMaJIbHBIX Hanpsbkenui, MIla;

— i-1 cobcTBeHHas yacToTa Konebanuit, i=1, 2, ..., p (' win pan/c);
— i-1 cobcTBeHHas Gopma KoeGaHuUii CHCTEMBI;
— KOB(QHUIMEHT paclpefeNieHnst IS I-d COOCTBEHHON (OPMBI

2y P

— addexTuBHAT Macca A I-ii coOCTBEHHOU (DOPMBI KOJeOaHHIA,
— HaKOIJICHHAst Macca Juis i-ii cobcTBeHHOH GopMbl Konebanuii, i=1,
OKpY)XHast (KOJIbLICBasi), TPONOJbHAS W paJuaibHas

— KacaTeJbHbIe (0T Kpy4ueHus1) Hanpspkenusi, MIla;

Oy, 07, O3 — IJ1aBHbIe HanpspkeHus, Mlla;

[N]

— J0IyCKaeMO€ 4YHUCJIO LIUKJIOB HArpyxXcCHus, COOTBETCTBYIOIICC
AMIIIUTyJaM HU3KO- WUJIN BBICOKOYACTOTHBIX HaprI)KeHPIﬁ;

a=XN/[N]; — HakomIeHHOE YCTANOCTHOE MOBPEXKACHUE OT TPYII [UKIOB 32

CpOK 3KcIuTyaTanuu [5];

2.4.1. Tpy6onposoast ADY (ACTPA-AIC):

(o)1

(0)2

(0)rk

(Oar)k

(091

(05):2

— TIpynma TPHUBENCHHBIX HANpSDKEHWH, ompenenseMas 110
COCTaBJISIIOIIUM OOIMX MeMOpaHHBIX HampspkeHuH (Tpymma 1), ot
neiictBus pabodero gasneHus, MIla;

— pacueTHbIC IPUBECHHBIC HANPSDKEHUS (TpyTa 2), onpeaesieMble
M0 CyMMaM COCTaBJISIOMIMX OOIMMX WM MECTHBIX MEMOPaHHBIX U
o0IMX M3rHOHBIX HANpsHKEHUH, OT JEHCTBHS BECOBOM HArpy3KH U
nasnenusi, Mlla;

— MaKCHMAaJIbHBIH pa3Max TPHBEICHHBIX HamNpsDKeHUH (rpymma 3),
ONpesesIeMbIX 10 CyMMaM COCTaBJIIIOIIMX paHee YIOMSHYTHIX
HaNpsDKeHUH, OOLIMX TeMIepaTypHbIX, MECTHBIX H3THMOHBIX U
CABUIOBBIX HANpSXKEHWUN, OT ACHCTBUS JaBIECHUS, KOMIIEHCAIUU
TEMIIEpaTyPHBIX PACIIMPEHUH U cMelieHus orop (koHnos), MIla;

— aMIUTUTyAa MPUBEICHHBIX ‘‘HU3KOYACTOTHBIX  HANpPSKCHUN
(rpynma 4), onpenensemas OT IEHCTBUS TeX ke (aKTOpOB, YTO H
(6)rKk € y4ETOM KOHIICHTpPAIIMK HAMPSKEHUI 1 OBATBbHOCTH CEUCHHIT
(U1 KOJIeH ¥ THOOB);

— pacueTHbIe NPUBEACHHBIE HANPSKEHMS, OIpeaesieMble Kak
HAIPSDKEHUS TPYMIEI (G); OT ASHCTBUS JABICHHS, U CEHCMHYICCKUX
BoszzeiicTeuil yposus 113 v MP3, Mlla;

— pacueTHbe NPUBEACHHBIE HANPSKEHUS, OIpeAessieMble Kak
HAIPSHKEHHUS TPYIIEI (G); OT NSHCTBHUS JaBJICHHUS, BECOBOH HATPY3KH
u celicMuueckux BosaercTsuil yposns I3 nnu MP3, Mlla;

2.4.2. Tpy6onposoasbl napa u ropsiueii Boabl (4CTPA-TIC):

Oup
Gy

Mocksa, 2021

— pacyeTHOE NPUBEAECHHOE HAMPshHKEHKE OT BHYTpeHHeTo asiieHuss, Ml a;
— pacuetHoe d(G(GEKTUBHOE HAMNPSIKCHUE, ONpeiesieMoe  I0
COCTaBJISIFOIIUM OOIIMX ¥ MECTHBIX MEMOpAHHBIX HANpPsDKCHUH U
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HE®TEXHUM):

44

GBKB

Gymax

Gmms

0o0mMX W3TUOHBIX HANpPSDKEHUH, OT ACWCTBUS BECOBOW HATPY3KH,
BHYTPEHHETO NaBJIeHUs M paboumx Harpy3ok omop, MIla (stam |
MOJIHOTO pacyera, IS OLEHKH CTaTHYECKOH IPOYHOCTH, TabiauLa
5.412));
— pacdeTHble SKBHUBAJICHTHBIC HANPSDKCHUS, ONpenesieMble II0
CyMMaM MEMOpaHHBIX U M3THOHBIX HAIMPSDKCHHM, OT MCHCTBUS BCEX
Harpykarommx ¢axkropos st padouero (3tan Il) m Hepabouero
(atam 1V) cocrostauii, MI1a ([u1st OIIEHKH CTaTUYEeCKON IIPOYHOCTH Ha
stane |l ¥, TOTBKO AT BRICOKOTEMITEPATypPHBIX TPYOOIPOBOIOB, HA
srane |V, Tabmuna 5.4 [2]);

pacyeTHbIC  OSKBUBAJICHTHBIC  MAaKCHMAIBHBIC  YCIOBHBIC
“HU3KOYACTOTHBIE”  HANpPSKEHMs, OIpelensieMble OT  JEHCTBUS
BHYTPEHHETO JIABIICHUS, TEMITepPaTypPHOTO pacImpeHus,
“cOOCTBEHHBIX” CMEIICHHHM 3allleMICHHBIX KOHIEBBIX CCUEHHH,
YCWIMH  CONPOTHBICHHS TPOMEKYTOYHBIX OMOp C  YYETOM
KOHIICHTPAIIMH HANpPSHKEHNH M OBAIRHOCTH CEYEHHWH (A1 KOJIeH H
ru6oB), MIla (stam |l moxHOTO pacuera, A OIEHKH yCTaJOCTHOW
MPOYHOCTH HU3KOTEMIIEPaTyPHBIX TPYOOIpOBOI0B, Tabmuma 5.4 [2]);
— pacueTHble MEMOpaHHBIC HAIPSDKEHHS, OIpEACIsIeMbIe OT
JIEUCTBUSL BHYTPEHHEIrO JaBJCHUS W CEHCMUYECKHX BO3JEHCTBUI
yposast I3 (HYI+I13), MIla (tabmumna 11.3 [2]);

OmmstOps — pacueTHble MeMOpaHHbIC W OOIIME H3THOHBIC HAMPSIKCHUS,

ompenenseMble OT JOCUCTBHS JOABJICHUS, BECOBOM HArpy3ku H
ceiicMuueckux Bozaeiicteuit yposus I3 (HYI+I13), MIla (tabmuna
11.3 [2]);

2.4.3. Tpy6onpoeoabl Hedprexumun u Hedrenepepadorku (4CTPA-

PTM 38.001-94

(0)e
(0)ae

(0)aev

— JKBUBAJICHTHBIE HANPSDKEHUS TP pacyeTe Hecyled crocoOHOCTH
(atam 1) n cratnyeckoit mpounoctH (3tam 2), MIla;

— aMIUINTyJa OJKBHBAJICHTHBIX HANpsXKCHUH TIpH pacuere Ha
OUKITAYECKYI0 TPOYHOCTH (3Tam 3a) M JIHUTENbHYIO ITHKINICCKYIO
npovHocTh (3Tan 36), Mlla;

— aMIUIMTY/a SKBUBAJIEHTHBIX BUOpoHanpspkenuit, MIla;

I'OCT 32388-2013

Ce

Ao,

— DOKBHUBAJCHTHBIE HANpPSDKEHUS TIPH pacyeTe Ha CTAaTHYECKYIO
MPOYHOCTh (dTam 2 [N HU3KOTEMIIepaTypHBIX, d3Tam | s
CpeaHeTeMIepaTypHbIX, ATalbl 2 U 4 IS BBICOKOTEMIEPATyPHBIX
Tpy6omposoaos), MI1a;

— aMIUIMTYJOBl DKBUBAJICHTHBIX HAINPSDKCHHH TMIPH pacueTe Ha
OUKIAYECKYI0 ~ TpoyHOCTh  (3ram 3 UL HU3KO- W
CpeAHeTeMIIepaTypHbIX TpyoonpoBooB), MIla;

— SKBHMBAJICHTHOE YHCJIO MOJIHBIX I[UKJIOB HArpyXeHus (3tam 3 s
HU3KO- M CpeTHETEMIIEPaTYPHBIX TPYOOIPOBOIOB);
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N

K

— NIPOJOJIBHOE 0CEBOE CHKUMAIOIIEe YCHINE NPH HpOBepKe oOImeH
ycroitunBoctH (3Tamsl 1, 2, 4), kH;

— addexTuBHbI KOdQDUIIMEHT MECTHOH yCTOHUMBOCTH (3Tamsl 1, 2,
4).

2.4.4. Tpy6onposoas! Tenmaocereii (1ACTPA-TEIIVIOCETH):
P/} 10-400-01:

GCe

Onny

Tnny

o>

— OKBHBAJICHTHBIE HANpPsDKEHUS B MeTaiie TpyObl IpU pacyere Ha
CTaTUUYECKYIO M IIMKIMYECKYIO TPOYHOCTD (3Tamsl 1, 2, 3, 4), MIla;

— TpoAOJIbHBIE HaNpsDKeHUs B TieHomonuyperane, Mlla (mms
TpyOOIpoBOZOB OeckaHAIBFHOM Mpokiaaku B rpyHTe ¢ [IITY+ID
U30JIAIUCH);

— HampsDKeHusi cIBuUra B TeHomoimyperaHe, MIla (s
TpyOOIPOBOAOB OECKaHATBHOMN MPOKIAKH B IPYHTE);

— TPOJOJBbHBIE HANPSDKEHHS B TOJMATWIEHOBOW obosouke, MIla
(nu1st TpyOOIPOBOIOB OecKaHAIbHOM NPOKIAAKU B TPYHTE);

I'OCT P 55596-2014:

Ce

Ao,

(911104

11104

Omd

— OKBMBAJICHTHBIE HANpSUKEHUS IIPU pacueTe Ha CTaTUYECKYIO
npoyHocTth, MIla;

— AaMIUIMTYZbl SKBHBAJICHTHBIX HANpsDKEHWH TIpH pacdere Ha
HUKIHYECKYI0 pouHOocTh, Mla;

— 3KBHBAJICHTHOE YHMCJIO TIOJIHBIX IIUKIIOB HArPYKCHUS,

— TPOJONIBHOE OCEBOE CXKMMAIOIIEE YCHINE MPU MPOBEpKe 00mieH
ycroiuuBoctH, KH;

— TMpOJOJIBbHBIE HANpsOHKEHUsS B meHomonmyperane, Mlla (s
TpyOONpoBoJIOB OeckaHaIbHOM mpokiaaku B rpynte ¢ [ITY+ID
M3OJISIHEH );

— HampsDKeHHWsl cIBWTa B TeHomoimyperanme, Mlla (mns
TpyOONpPOBOAOB OECKaHAIBHOM MPOKIIAJKU B IPYHTE);

— TPOAONBHBIC HANPSDHKCHHWS B MOJIMITHIEHOBOH obOomouke, Mlla
(st TpYOOTIPOBOJIOB OECKaHANBHOM MPOKIAAKH B TPYHTE);

2.4.5. Marucrpaibhbie Tpy6onpoBoabt (ACTPA-MAT'HCTP)
CHulII 2.05.06-85, CI1 36.13330.2012:

G110
G20

— KOJIbLIEBOE HAIPSKEHUE OT BHYTPEHHeETo AasieHus, MIla;
— MPOJOJIBHOE HANpsDKEHHWE OT BHYTPEHHETO JIaBICHUS H
npoaoapHo# cuibl, MIla;

G pacr » O2pacr — TNIABHBIE HANIPSHKEHMS B PacTsAHyTOU 30He, MIla;
G1ex» O2ex — IJIABHBIE HANPsKEHUS B cxxaTo 30He, MIla;

oc

Osks
pacr

Osks

CiK
GZ)KB

— SKBHUBAJICHTHOE HANPSKEHUE 110 HeWTpanbHOoU ocu, Mlla;
— SKBHUBAJICHTHOE HANpPSHKEHHE B 30HE pacTshkeHus, Mlla;
— SKBUBAJICHTHOE HAIIPsDKEHUE B 30HE ckartus, MIla.

I'OCT P 55989-2014, 'OCT P 55990-2014:

Ch
O|
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— KOJIBIIEBBIC HAIIPSDKEHHSI OT BHyTpeHHero nasienusi, Mlla;
— npoAoJbHbIe HanpsukeHus, MlIla;
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CBJD):

46

Ceq — DKBUBAJICHTHBIE HANPsDKEHUS 110 Teopuu Museca, Mlla;

S — 9KBHBAJICHTHOE TPOJIOIBHOE OCEBOE YCHIINE IPU MIPOBEPKe 00IIeit
ycroiuuBoctH, kH;

€p/€cr — COOTHOIICHHUE MPENEeTbHO IOMyCTUMOW M3THOHOW W KPUTHIECKOM

HPOJIOJILHON TOJBKO MPH U3rude razonposoja aehopManuii.
2.4.6. TpyGonpoBoabl BHICOKOIO M CBepXBbICOKOro jaasijenust (4CTPA-

I'OCT P 55600-2013:

Oyin — DKBUBAJICHTHBIC HAMPSKCHUS B MeTaJle TPyObl MpU pacuere Ha
CTaTUYECKYIO MpoyHOCTh, MIla;
o, — aMIUINTYyAa OKBHBAJICHTHBIX HANpsOHKEHUH TMIpH pacuere Ha

HUKIMYECKYI0 IpodHocTh, MITa.

PJ] PTM 26-01-44-78:

G’  — DKBHBAJEHTHbIC HATPSDKEHUS HA BHYTPEHHEU MOBEPXHOCTH TPYOBI
OT  COBMECTHOIO  JEHCTBHS  BHYTPEHHETO  JaBICHUA U
TEMIEPATYPHOTO Mepenaaa no TONIUHE CTEHKH;

6",z — DKBHBAJICHTHBIE HANPSDKEHHS Ha HAPYXKHOM IMOBEPXHOCTU TPYOBI
OT  COBMECTHOIO  JACHCTBHS  BHYTPEHHETO0  JaBICHUA U
TEMIEPATYPHOTO Mepenaaa no TONIUHE CTEHKH;

YPi/[P]i — oueHKa MPOYHOCTH OT JAOMOJIHUTEIBHBIX HAIPY3OK.

Ca — aMIUINTYJbl DKBUBAJCHTHBIX HANpPSHKEHWHA @pH pacueTe Ha
LUKIMYECKYI0 MPouHOCTh, MITa;

2.4.7. Cynosbie TpyoonpoBoabl (ACTPA-CY/IIPOM).

% — NpUBEJEHHBIE HANpPSDKEHUS, ONPEIENseMBIE MO COCTABISIOIINM
o0mmMx MeMOpaHHBIX HaNpsKEHWH, OT JEeHCTBUS  pabodero
nasnenns, Mlla;

Gupi — pacueTHblE MPHUBEICHHBIE HANPSDKEHUS, ONpEeAeNseMble IO
CyMMaM COCTaBIISIIOIIMX OOLIMX WJIM MECTHBIX MEMOpaHHBIX U
o0IMX M3THOHBIX HANpSHKEHWH, OT JEHCTBHS BECOBOM HArpy3KH U
nasnenusi, Mlla;

Gup2 — pacyeTHbIe IIPUBEJCHHbIC HANPSKCHUSA, OIpelensieMble MpU
HAJIMYUK JIOTIOJIHUTENBHBIX K JAaBJICHUIO HArpy3okK, MO CyMMaM
COCTABISIIOIIMX  paHee  YHNOMSHYTBIX  HAaIlpsOHKCHUH,  OOIIuX
TEMIIEPaTYPHBIX, MECTHBIX U3TMOHBIX M CIBUTOBBIX HAIPSKEHUH, OT
JIeICTBUS JaBJIEHMs, KOMIIEHCAIUM TEMIIEPATypHBIX PACIIUPEHUl U
cMmenieHus onop (koHos), MIla;

Ca — pacy€THble AaMIUIUTYAbl TPHBEIEHHBIX YCIOBHO YMPYTHX
HalpsDKeHUH, onpejenseMas OT JeHCTBHS TeX ke (aKTopoB, 4TO U
Gup2 C YUETOM KOHIEHTPALMU HANPSIKEHUH U OBAJILHOCTH CEYCHUH
(Juts KOJIEH 1 THOOB);

Honoanumenvro npusooamces credyoujue pesyIbmamsl pacuéma guanyesoix

COeOUHEHU:
b — ONTUMAJIbHAS MIMPHHA TUIOCKON TIPOKIIATKH, MM,
Ma — MOHTaXHBII1 MOMEHT Ha KJitoue, KHwm;

HUIL CtaluO
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Gup — HanpspKeHHe B 1esbHOM ¢utanie, MIla;

Gup — HanpsDKEHUE B HAKOHEYHHKE CBOOOAHOTO (utania, MIla;
Gpes.  — HamPsHKEHHUE B KOJIbIle cBOOOAHOTO (ranna, Mlla;

Mp — JIOIIyCKaeMBbIH KpyTsIIuid MOMEHT, KHM;

d; — pacuéTHBIN nuamMeTp OOJTOB/IIMUICK, MM;

d, — pacuéTHBIN TuamMeTp OONTOB/IIITIICK, MM,

d, — pacuéTHBIN TuaMeTp OONTOB/IIIMICK, MM.

2.5. Tlo xommiuekcaM TporpaMM, BXoasmmx B cemelictBo ACTPA-
HOBA’2021, npoBomsTCs CleQyOUe BHABI (pa3lenbl) MOBEPOYHOTO pacyera Ha
MPOYHOCTE TpyOompoBomoB [1-12] (“3Be3moukamyu’” TOMEYEHBI T€ pacueThl IS
TpyOONIPOBOAOB ~ HE(PTEXMMHHM, TEIJIOCeTe W  Marucrpaiedl, KOTOpble He
periaMeHTHPOBaHbI JEHCTBYIOIIMMH POCCUICKAMHE HOPMaMH, HO MOTPEOHBI Kak IO
3arpocam MPaKTHKK, TaK U 10 COBPEMEHHBIM MUPOBBIM CTaH/IapTaMm).

2.5.1. ACTPA-A3C [1]:

1) pacuemvl Ha cmamuyeckyo npoYHOCHb,

2) pacuem Ha YUKIUYECKYIO U ONUMENbHYIO YUKIUYECKYIO NPOYHOCMb;

3) pacuem Ha npounocmb npu HEPADOYEM COCIOSHUU U UCTILIMAHUSIX,

4) pacuem nHa ycmouuugocmo;

5) pacuem Ha celicmuueckue 8030elcmaus,

6) pacuem Ha 6UOPONPOHHOCMb;,

7) pacuem Ha OuHamMuvecKue 8030eUCmeust.

2.5.2. ACTPA-TOIC [2]:

1) pacuemvl Ha cmamuuecKyio nPOYHOCY;

2) pacuem Ha YUKAUUeCKyio u ONUMeNIbHyI0 YUKIUYECKYIO NPOYHOCb;

3) pacuem Ha npounocme npu Hepaboyem COCMOSIHUU U UCNLIMAHUSIX,

4) pacuem na celicmuueckue 8030elicmaus,

5) pacuem na eubponpounocmo;

6) pacuem Ha OuHamuyecKkue 8030elUCmaus.

2.5.3. ACTPA-HE®TEXHM [3]:

1) pacuemnas oyenka necyujeti chocobnocmu;

2) pacuem na cmamuieckyio npOYHOCMb;

3) pacuem Ha yukauuecKyIo u ONUMENLHYIO YUKIULECKYIO NPOYHOCMb,

4) pacuem Ha npouHOCMb NPU HEPADOYEM COCMOSIHUU U UCNLIMAHUSIX,

5%) pacuem Ha celicmuueckue 8030elicmeus;

6) pacuem Ha 8UOPONPOUHOCMb;,

7*) pacuem Ha Ounamuyeckue 8030eticmsus.

2.5.4. ACTPA-TEITIOCETH [5]:

1) pacuemvl Ha cmamuuecKyio nPOYHOCY;

2) pacuem Ha YUKIUYECKYIO NPOYHOCMD;

3) pacuem Ha npounocms npu Hepaboyem COCMOSIHUU U UCNLIMAHUSIX,

4) pacuem na ycmouuusocmy;

5%) pacuem na celicmuueckue 6030elicmeust;

6*) pacuem Ha 6ubponpPoOYHOCMY;

7%*) pacuem Ha Ounamuyeckue 6030etCmsusl.

2.5.5. ACTPA-MAT'HCTP [7-10]:
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1) pacuemvi Ha cmamuyeckyio npoYHOCMYb;

2*) pacuem Ha YuKIUYECKYIO NPOUYHOCMD;,

3) pacuem na npounocms npu Hepabouem COCMOAHUU U UCHBIINAHUAX,

4) pacuem na ycmouuusocmy;

5) pacuem Ha celicMuueckue 8030elcmaus,

6) pacuem Ha uOPONPOHHOCMY;,

7) pacuem Ha OuHamMuyecKue 6030eUCmeust.

2.5.6. ACTPA-CB/J [11-12]:

1) pacuemvi Ha cmamuyeckyio npOYHOCMY;

2) pacuem Ha YuKIUYeCKyO RPOYHOCHY,

3) pacuem Ha npoyHOCMb NPU HEPADOUEM COCIOAHUU U UCHLIMAHUSX,

4*) pacuem Ha celicmuyecKue 8030eticmsus,;

5%) pacuem na subponpournocmo;

6*) pacuem na ounamuueckue 6030eticmausi.

2.5.1. ACTPA-CYJITPOM [13-14]:

1) pacuemvl Ha cmamuyeckyo npoYHOCHY,

2) pacuem Ha YUKIU4eCKyio u ONUMeNIbHYI0 YUKIULECKYIO NPOYHOCMDb;

3*) pacuem na npounocme npu Hepabouem COCMOAHUU U UCHLIMAHUAX,

4*) pacuem Ha ceticmMuyeckue 8030elicmeust;

5%) pacuem na subponpournocmo;

6*) pacuem na ounamuueckue 6030eticmaus.

Kpome mnepeuncieHHBIX, HOPMAaTHBHO PpETJIaMEHTHPOBAHHBIX pacdyeToB,
MOXET IPOBOAUTHCS B JIMHEHMHO-YNPYrol JIWHAMUYECKOW IIOCTAHOBKE pacyeT
MTOCTIICTBUH “MTHOBEHHOTO” pa3pbiBa TPYOOIIPOBOIOB M pacdeT OT KHHEMaTHIECKUX
(CHeKTpBI M aKceJeporpaMMbl) BO3JCHCTBHM, BEI3BaHHBIX BHEIIHMMH Harpy3KaMH Ha
CTPOUTENbHBIE KOHCTPYKIMH (yap camolieTa, yAapHas BO3AyIlHas BOJHA U T.I1.).

2.6. IToBepoyHbIii pacuyeT OCHOBAaH Ha OIIEHKE MPOYHOCTH IO JOMYCKAaeMbIM
HAIpPSHKEHUSIM, TEPEMELICHUSIM | ie(opMaIisiM, COOCTBEHHBIM YacTOTaM KOJIeOaHHi
1 YCTaJIOCTHBIM MOBPEXKICHHSM.

2.7. PacyerHple HamnpsDKEHHMsT Ha COOTBETCTBYIOLIMX JTalax pacuera
OIIPEJICTISIIOTCS. IO TEOPHsIM HAMOOJNBLIMX KacaTeNbHbIX HampspkeHuid [1, 5, 13] nim
sHepruu popmomsmenenus [2, 3, 4, 6, 7, 8, 9, 10, 11, 12] nys npsiMbIX TpyO, OTBOAOB
3aJJaHHBIX TUTOB (TMOOB, KOJEH, CEKTOPHBIX), MEPEX0J0B, OPTOTOHAIBHBIX M KOCBIX
panuanbHBIX TPOMHUKOBBIX COCAMHEHUH (CBApPHBIX, CBAPHBIX C YCHJIMBAIOIINMHU
HaKJaJKaM¥, IUTAMIIOBAHHBIX M IUTAMIIOCBApHBIX) W “HCHOPMAJIM30BaHHBIX
JUH30BBIX W CHIH(POHHBIX KOMIIEHCATOpoB (o Meroauke [3, 5]) mo 3amaHHOMY
pabodeMy JABICHUIO M BBEIYHCICHHBIM 3HAYUMBIM BHYTPEHHHUM CHJIOBBIM (haKTOpam
(oceBas cuia, H3ruOAIONIME W KPYTAIMH MOMEHTH B CEUSHUH) M COIOCTABIIIOTCS C
JOIyCKaeMbIMH 3HAUYEHHSIMH — HEIOCPEICTBEHHO (OLEHKHM Hecylledl CrocoOHOCTH,
CTaTUYECKOH TMPOYHOCTH H  CEMCMOCTOMKOCTH) WM dYepe3 CyMMHpPOBAaHHE
HOBPEXICHUH OT HUKIOB W (Win) (akTopoB (OUEHKH LUKIMYECKOW IMPOYHOCTH,
JUIMTEIbHOW LMKJIMYECKOHM IPOYHOCTH M LUKIMYECKOHM IIPOYHOCTH C Y4YETOM
BBICOKOYACTOTHBIX COCTABIISIONINX — BUOpauuii).

2.7.1. ACTPA-ADC. PacueTHbie IPUBEICHHBIE HANPSHKEHUS TPyl (6)1, (0)2,
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(0)rx: (Oar)k, (Os)2 M (Oag)j, comocTaBiIsieMble C JOIYCKACMBIMH 3HAYCHHUSAMY,
OTIpPEeNeNIAIOTCA 10 TEOpUH HAMOONBIINX KAacaTelIbHBIX HANpPSHKCHWH depes
KOMIIOHEHTHI, BbIUMCIsieMble cornacHo (opmyn [1, 28] mo 3ajgaHHOMY IaBICHUIO,
BBIYMCIICHHBIM 3HAYMMbIM BHYTPEHHIM CHJIOBBIM (aKTOpaM U, KPOME TOT'0, MECTHBIM
(B TOM umucIiie, OCTaTOYHBIM) HAINPSDKEHUSAM B 30HaX CBApKU M JPYTUX 30H KPaeBbIX
a¢d¢exroB. s TOKEIO HArpy)KEHHBIX OTBOAOB (THOOB, KOJICH, CEKTOPHBIX) H
OpPTOTOHAJIBHBIX PaBHO- M HEPABHOMPOXOIHBIX TPONHMKOB (CBApHBIX, C HAKIAAKAMH,
LITaMITIOBaHHBIX U IITAMIIOCBAPHBIX BPE30K) BBITOJIHSACTCS TAKKe pacyeT HallpsHKSHUH
U OIICHKA MPOYHOCTH MO YTOYHEHHBIM MeToaukam [1, 28, 28]. OueHka IMHUKINICCKOMH
MIPOYHOCTH NPU HECKOJBKHX PEKHUMax padoThl TPyOOmpoBoJa (3Tam 3 CTaTHYECKOTO
pacdeTa) BEIIONHATCS 10 (GopMyiaM TMHEHHOTO CYMMHPOBaHUS TOBPEKICHUH, Ta XKe
METOJIMKA UCIIOTB3YETCs ISl OIIEHKH BUOPOIIPOYHOCTH.

2.7.2. ACTPA-T3C. PacueTHble TmpuBe/AcHHbIC, J(PPEKTUBHBIE U
OKBHMBAJICHTHBIE HANPSIKEHUS TPYII Oup, Obgy Ooxmr Oymaxs Omms U OmmsTOps, IS
MpAMBIX  TpyO, OTBOAOB, “HEHOPMAJM30BaHHBIX~  JIMH30BBIX M CHJIB(OHHBIX
KOMIIEHCAaTOPOB M PaBHOIPOXOJHBIX (TOJNBKO!) TPOHHMKOB, COIMOCTaBIISIEMbIE C
JIOMYCKAaeMbIMU 3HAYCHUSIMH, OIpEAENISIOTesT cornacHo ¢opmynam [2]. Onenka
OUKIMYECKON MPOYHOCTH MPU HECKONMBKUX pekuMax paboThl TpyOompoBona (dtam 3
CTaTHYECKOTO pacyera) BBIIOJIHATCA 10 (opMyiIaM JHMHEWHOTO CYMMHPOBaHHMS
TTOBPEXKICHH, Ta )K€ METOANKA UCTIONB3YETCS IS OLIEHKH BHOPOIPOYHOCTH.

2.7.3. ACTPA-HE®TEXHM. PacyerHble NpUBE/ICHHBIC (IKBUBAJICHTHBIC)
HampsokeHust Tpymn (G)e, (G)ae, (C)aev HA COOTBETCTBYIOLIMX JTamax pacyera,
COIIOCTAaBJISIEMBIE C JIOITYCKAeMBIMH 3HAUEHISIMH, OTIPEICISIFOTCS COTIACHO (pOopMyIaM
[3] mo BHYTpeHHEMY IABIIEHHIO M BBIYHCIEHHBIM 3HAYMMBIM BHYTPEHHHM CHIIOBBIM
¢daxropam.  JlnutenbHas ~— IMKIMYECKas — MPOYHOCTh  BBICOKOTEMIIEPATypPHBIX
TpyOOIPOBOZIOB CYUHUTAETCSI OOECIIEYCHHOMW, €CNH BBIIONHAIOTCA HOpPMAaTHBHBIC
YCIIOBUSI CYMMHPOBAHHMSI TIOBPEXACHUH OT YCTAIOCTH U TIOJI3yYECTH.

2.7.4. ACTPA-TEIVIOCETbD. PacuerHble HKBHBAJCHTHbBIC HANPSDKEHUS Op
OT JaBJEHUS W BBIYMCISIEMBIX 3HAUYUMBIX CHJIOBBIX (DAKTOPOB, OINpeJeisieMble 10
TEOpPUH HaMOOJIBIINX KacaTeNbHBIX HANpsHKEHHH 4epe3 KOMIIOHEHTHI (HOpMalslbHbIC
OKPYKHBIC G‘p, OCEBBIC Gy " paaraJibHbIC O U KaCaTCIIbHBIC ‘C) U1 TJIABHBIC HAIIPSAXKCHUA
01, O, G3 Ha dTanax 1, 2 u 4 pacuera /i NPSAMBIX TPYO, OTBOAOB 4-X THIOB (THYTBIX,
KPYTOM3OTHYTBIX M IITAMIOBAaHHBIX, CTHIKYEMBIX C TPyOaMH Ha cBapke, Ha (hiaHIax,
Ha cBapke M Ha (UaHIaxX, a TaKKe CEKTOPHBIX), KOCBIX CTBIKOB, NEPEXOIHUKOB,
OpPTOTOHAITLHBIX TPOWHUKOB M BPE30K 3-X THUIOB (CBapHBIX, CBAPHBIX C HAKIAJIKAMU,
[ITAMIIOBAHHBIX W INTAMIIOCBAPHBIX) W “HEHOPMAJIM30BAHHBIX® JHH30BBIX H
CHIb(OHHBIX KOMITEHCATOPOB, COIOCTABJISIOTCA C JOIMYCKaeMBIMH 3HaYeHUSIMH [5].
OrneHKa IHUKINYECKOH MPOYHOCTH (dTam 3 CTATHYECKOTO pacyeTa) BBIMONHATCS IO
(dhopMynaM JIMHEHHOTO CYMMHUPOBAHHS TOBPEXKACHUH IS 3alaHHOH “‘TeMIiepaTypHOU
HCTOpHH~ HArpy>KeHHs TpyOOmpoBoja C Y4YeTOM KOHIIEHTpPAIlMH HANpsDKEHUH B
OTBOJIaX, CTBIKAX, IEPEX0/1aX U TPOWHHUKAX.

2.75. ACTPA-MATHCTP. PacuerHble 3HaueHHS Opg9 (KOJBICBOE
HalpsDKEHWE OT BHYTPEHHETO MJaBICHHA), Ozg (MPOJONBHOE HAmNpsDKEHHE OT
BHYTPEHHET0 JaBJIEHHS M MPOJOJBHOM CHIIBI), Gipacr; O2pacr (ITIABHBIE HANPSKEHUS B
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pPacTAHYTOM 30HE), Oiexs Onesxe (IVIABHBIE HANPSDKEHHS B CKATOM 30HE), Ooyp
(PKBHMBAJIEHTHOE HANPSIKEHUE 110 HEUTPAILHONM OCH), Ooeg’ | (PKBUBAJIEHTHOE
HAlPSDKEHHE B 30HE PACTSDKCHHS), Osyp . (PKBHBAJIECHTHOE HAIPSDKEHHE B 30HE
CKaThs) Ha dTamax 1, 2 m 4 pacueTra A HPSAMBIX TPYO, OTBOAOB, OPTOTOHAIBHBIX
TPOMHHUKOB U BPE30K 3-X TUIOB (CBapHBIX, CBAPHBIX C HAKIAJKaMH, IITAMIIOBAaHHBIX U
IOITAMIIOCBAPHBIX) W “HEHOPMAJNM30BAHHBIX®  JIMH30BBIX W  CHJIB(OHHBIX
KOMITICHCATOPOB COTIOCTABIISIOTCS C IOMyCKaeMbIMHU 3HaueHusMu [7, 8, 9, 10].

2.7.6. ACTPA-CB/] PacuerHble OSKBUBAJCHTHBIE HANPSDKCHUS O WU
aMIUIMTYIBl O, OT [aBJCHUS, TMepenajga TeMIepaTyp IO TOJNIIMHE CTCHKH,
aBTO(PETUPOBAHUS U BBIUHCIIEMBIX 3HAYNMBIX CHIIOBBIX (PaKTOpOB, ONpeneisieMble
10 TEOPUH HAHOOJIBIINX KacaTelIbHBIX HANPSDKEHUH Yepe3 KOMIOHEHTHI (HOpMaJIbHbIE
OKDYKHBIE O, OCEBBIE Oy M PaJHAIIbHBIE Gy U KACATENIbHBIE T) ¥ IIaBHBIE HANPSIKEHUS
O1, G, O3 Ha 3Tarne 2 pacdeTa Uil IPsMBIX TPYO, OTBOJIOB 2-X TUIOB (THYTBIX U3 TPYO
WITH IPYTHX ), COMTOCTABIISIOTCS € OTTyCcKaeMbIMu 3HadeHusmu [11, 12].

2.7.7. ACTPA-CY/JIIPOM. PacueTHble TpUBE/ICHHbIC HAMPSHKCHUS Gpe,
Gupts Onp2s O3 M G*j, COIIOCTABIISIEMbIE C IOMYCKAEMBIMHU 3HAUCHHAMH, OIPE/Ie/IAI0TCS
o TCOpUU HauOOJIBIIINX KacaTCJIbHBIX HaHpﬂ)KeHI/Iﬁ qepes KOMITOHCHTHI,
BBIYHCIIIEMble cornacHO (opmyn [13] mo 3agaHHOMY JaBJIEHHIO, BBIYHCICHHBIM
3HAYMMbIM BHYTPEHHUM CHJIOBBIM (pakTOpam M, KpOMe TOTr0, MECTHBIM (B TOM YHCIIE,
OCTaTOYHBIM) HANpPSHKEHUSIM B 30HAX CBapKHd M JPYyTUX 30H KpaeBbIX I(PQeKToB.
OneHka IMKIMYECKOW MPOYHOCTH TPH HECKOJIBKUX peXkuMax paboThl TpyOorpoBoaa
(oram 3 cTaTMYECKOrO pacyera) BHIMONHATCS 1O (Qopmynam JHMHEHHOTO
CYMMHPOBAHHS TIOBPEKICHUH.

2.8. B xoMIulekcax peaqM30BaHbl JIONOJIHUTEIbHBIEC, I1I0 CPAaBHEHHIO C
HOPMAaTHBHO perjlaMeHTHpoBaHHBIMH [1-12], Bo3aMoxHOCTH M (WJIM) OOOCHOBaHHO
CKOPPEKTHPOBAaHbI HECTPOTHE WM OMHOOYHEIE (hOPMYJIBI.

2.8.1. ACTPA-AJC. PacueTHble NpUBeICHHbBIC HANPsDKEHUS IpyIl (0)1, (0)s2,
(O)rks (Oap)k (rpymmer 1, 2, 3 m 4) BO BceX pacyeTHBIX CEUYCHHAX Yy4YacTKa
(cymepanemMeHTa) ¥ B TPOWHHMKOBBIX COEIMHEHUSIX ONpENeNIIoTCS 1o (QopMmyiaam
punoxenns 5 Hopwm [1] co crneayromuMu yTOYHEHUSIMHE:

1) mis rpymn (o)1, (0)2, (Car)k B KayecTBe paCUYCTHBIX BBIAAIOTCS
MaKCHUMaJIbHBIE W3 JBYX HANpsDKEHWH, TOMYYaeMbIX OT pa3IMYHBIX CHIIOBBIX
($aKkTOpOB, COOTBETCTBEHHO YMCHBINCHHBIX W yBeawdeHHBIX B K, pas (k,>1 —
ko3¢ urment “neperpysku’ [2, 15]);

2) YTOYHEHHBIA pacueT HampsHKeHWH B TPOWHHKOBBIX COEIWHEHHIX
MIPOBOAUTCS COINIAaCHO ‘‘PyKOBOICTBY MO pacueTy M KOHCTPYHPOBAaHHIO TPOIHUKOB
TEXHOJIOTHYECKUX TpyOompoBomoB” [26] u “PykoBoactBy 1o 0OOCHOBaHHIO
npoyHoctd  TpybompoBogoB ADC”  [28], pa3BuBamOmMX W YTOYHSIOIIUX
COOTBETCTBYIOIINE IOJIOKEHHS yTOYHEeHHOH wMeromukun Hopm [1]. YTouHeHHSBIH
pacyeT IPOBOIUTCS JUISL TEX TPOHHMUKOB, PACUETHBIE HANPSHKEHUS B KOTOPBIX 10
ynpoieHHo# Meroarke Hopm [1] npeBblmaroT gormyckaemele.

B nononHenune k monoxeHusiM [1] — oleHKa repMeTHYHOCTH (IIAHLEBBIX
COEIMHEHUH, pacyeT HANPSHKEHUH U MMPOYHOCTH «HEHOPMAIM30BaHHBIX» JINH30BBIX 1
CHIIb()OHHBIX KOMIIEHCATOPOB.
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2.8.2. ACTPA-T3C. B pomonHenne K [2] — oOLEHKa TIepMETUYHOCTH
(IIaHIEBBIX COCOMHEHWH, pacyeT HampshKEHWH M NPOYHOCTH HEPaBHONPOXOIHBIX
TpOﬁHl/IKOB, «HCHOPMAJIM30BAHHBIX» JIMH30BbLIX U CI/IJ'lb(l)OHH])lX KOMIICHCAaTOPOB.

2.8.3. ACTPA-HE®TEXHM. Bce ¢opMyabl pealu30BaHbl TOYHO, 0e3
OTEYaTOK, COJCPXKAIIMXCS B TepBOi pemakiuu [3].

B nononnenue k [3] — BO3MOXHOCTD pacueTa Ha CEHCMHUYECKUE BO3ICHCTBUS
M0 METOIUKaM, TIPHHATHIM B aTOMHOM M TeTUI0BOM dHepreTuke [1, 2].

2.8.4. ACTPA-TEIUIOCETAD. B uensx yHU(pHKAUA COXpaHEHA HyMepauus
JTAIlOB pacyeTa Ha CTATUYSCKYI0 M LUKIMYECKYI0 IPOYHOCTh, MPUHATAS B IPYTHX
Hopwmax [1-3] 1 oTpacieBbIX KOMITIEKCaX.

Koppekruposka Hectporux (opmyi [5]:

1) pasmaxu HampspkeHHH (AC) OTpenensioTcs He 10 OmMOO0YHOH, B 00meM
ciaydae, ¢opmyne (5.12), a depe3 BHyTpeHHEE MaBICHHE W CHIIOBBIE (DaKTOPHI,
COOTBETCTBYIOILME IIepPeXoly TPYyOOIpoBOJa M3 XOJOJHOTO COCTOSHHSA B pabouee
(atan 3 B repmunonorun A CTPA-HOBA);

2) mia  “OpOMEXYTOYHBIX  3HAYEHHH aMIUIMTYJ YCJIOBHO-YNPYTHX
HaNpsKEeHUH [Ogr]; Momyckaemoe urciio moiaHsX mukinoB [N]; onmpenensercs kak min
(10°, [N]y), rme [N]i Bemmcmsercs mo dopmymam (5.19) (yraepomucteie u
JICTHpPOBaHHbIC HeaycTeHuTHBIE cramd, 64,5 MIIa<[c,]i<129 MIIa) wiu (5.21) mis
aycrenntHbIX craineii (50,0 MITa<[c,¢];<100 MIIa).

3) dopmyrna BBIYHCIEHHS CPETHHX OCEBBIX HAMPSHKEHUI OT BHYTPEHHETO
JTABJICHUS, OCEBOI CHIIBI M U3rubaroiero Momenra (5.27) peain3oBaHa Kak

Gy = Oyp * Oyn * Oym

BBGJICHI/IC pacucTta Hal'[pf{)KeHI/Iﬁ B KOCBIX CTBIKaXx M IMEpEXoJax, a Jid
MOJ3EMHBIX TPYOOTIPOBOJIOB OECKaHAIBLHOM NMPOKIAJKH — M YUeT KOMIIEHCHPYIOMINX
TOJTyIIIEK.

B nononnenue K [5] — npakTHYECKH HEOOXOAUMBIE BO3MOKHOCTh pacyera Ha
celicMHYecKre BO3ACHCTBUS, Ha BHOPAIMIO M HEYCTAaHOBUBINHECS JWHAMHYECKHE
TIPOIIECCHI.

2.8.5. ACTPA-MATI'HCTP. Taxxe coxpaHeHa HyMeparys 3TaloB pacyeTa Ha
CTATHYECKYI0 W IUKIUYECKYIO IPOYHOCTh, mpuHsTas B apyrux Hopmax [1-3] u
OTpacJIeBBIX KOMILIEKCAX.

PeammzoBana aBtopckas nopaborka CHulla [7], BemonHenHas A.b.
AWHOMHZEPOM B HYACTH PACYETHOM OIEHKH IPOYHOCTH MPSMBIX TPYO W OTBOIOB.
@DopmMyIbl A7 pacdyeTa HaNpsHDKEHUH B TPOMHMKAX M Bpe3Kax, “HEHOPMAaIW30BaHHBIX
BOJIHUCTBIX (JIMH30BBIX W CHJIL(MOHHBIX) KOMIIEHCATOPaX 3aMMCTBOBaHbI u3 [3, 5] ¢
HEKOTOPBIMH U3MEHECHUSIMHE, 00y CIOBICHHBIME crieimbukoii (“Oyksoii’) CHulla [7].

O6eCHe‘ll/IBaIOTCﬂ HOPMATUBHO PETIAMCHTUPOBAHHBIC BUABI JUHAMUYCCKUX
pacyeTos:

— Ha ceficMuueckue Bo3aeicTaus (mm. 8.18-8.21, 8.53-8.61);

— Ha BUOPONPOYHOCTH OT myJibcanuu pAasieHus (1.8.17, oOBs304YHBIC
tpybomnposoast KC u HIIC);

— Ha JMHAMUYECKUE BO3JEHCTBUSA OT MOPIIHEH M JAPYIHX OYMCTHBIX
ycrpoucTs (11.8.17).
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2.8.6. ACTPA-CB/]. Takxe coxpaHeHa HyMepalus OSTaloB pacyera Ha
CTaTHYECKYI0 M IUKIUYECKYIO IPOYHOCTh, npuHstas B npyrux Hopmax [1-3] u
OTpPacIIeBBIX KOMIUIEKCAX.

PeanuzoBana Bo3MoOxHOCTH ompeaeneHuss HJC u oueHku mnpouyHOCTH
OPSMOJIMHEHHBIX M KPUBOJIMHEHHBIX aBTO(PETHPOBAaHHBIX TpyO B coOCTaBe
TpyOOIIPOBOAHOW CHCTEMBI C YYETOM JONOJHHUTEIBHBIX (IOMHUMO BHYTPEHHETO
JIaBJICHUS ¥ TEMIIEPATypPHOTO Meperaia 1o TOJIIMHE CTEHKH) Harpy30K.

B nmomomuenwe k [11, 12] — mpakTH4eckH HEOOXOAMMBIE BO3MOXKHOCTb
pacueTa Ha ceificMHYecKHe BO3JICHCTBUS, HAa BHOpalWI0 ¥ HEYCTaHOBHBIIHECS
JMHAMHYECKUE TIPOLIECCHL

2.8.7. ACTPA-CY/JIIPOM. PacueTHble NpHBEACHHbIC HANPSHKEHWS TPYI
6%, Gup1, Oup, O, BO BCEX PACUCTHBIX CEUEHHAX yUacTKa (CymepilIeMeHTa) H B
TPOMHUKOBBIX COEIMHEHUsIX ompenessitorcss no Gopmynam [13] co crieayromumu
YTOYHEHUSIMH:

1) Jlnst BBICOKOTEMIEPATypHBIX TpPyOONPOBOAOB TMpPH  ONpEACICHUU
JIONYCKaeMOT0 HAmNpsOHKEHUs] HapsAy C MOpeieioM MNPOYHOCTH M TeKY4eCTH
JIOTIOTHUATENBLHO UCTIONB3YETCS TPeIes AIUTENbHOI IPOYHOCTH, 10 aHasoruu ¢ [1];

2) ckoppekTHpoBaHa (opmyna onpeaenenus kodddurmenrta fy (m. 5.1.4.3):
WCIIpaBIIeH MIEPBOE cilaraeMoe B CKOOKax, cTajio 2 BMecTo 1,2;

3) B ¢dopmynax Al BBIYMCICHUS KOMIIOHEHT HAINPSHKCHUH Gy M G, IUIs
ceuenuss b-B  TpoitHuka B 1. 6.3.5 BMecro koduuHeHTa meperpy3ku Ky
Hcronb3yercs koddduiuent K, ;

2.9. TIpoBepka (uiaHIEBBIX COCTMHEHNH Ha TePMETUYHOCTD BBITOJIHIETCS IO
dopmyne (1) Mpunoxenns 3 PTM 38.001-94 [3] no 3ananHOMy paboveMy JaBICHHUIO
1 BBIYHCIICHHBIM CHJIOBBIM (paKTOpaM.

Ha ¢naHneBsle coepmHeHHs TPyOONPOBOAOB, KPOME BHYTPEHHETO HIIH
HAapy)XHOTO [JaBJCHHs, ICHCTBYIOT Takke OCeBas M Iepepe3bIBalolINe CHIIBL,
U3rubaroIIve U KPyTSAIIMHA MOMEHTBI, BETMYMHBI KOTOPBIX OINPEICISIOTCS U3 pacuera
HaIpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS TpyOormpoBoaa B 1enoM. [Ipu BeiGOpe
HOPMAJIM30BaHHOTO ()IaHIIEBOTO COEUHEHHsI YKa3aHHbIC CHJIOBbIC (PaKTOPHI Cleayer
YUUTBHIBATh IIPH OIPEIEJICHUH YCIOBHOTO JAaBJICHHS, 10 KOTOPOMY BBIOMPAIOTCS
HOpPMaJIM30BaHHbIE (DIaHIBI:

+ 4 Max{| N + ‘ ‘ 0
3.14-G
[, ]> Mila
A
rae:

0.5

M:(MX2+My2) ,
MX, My — I/I3FI/I6aIOIIII/Ie MOMCHTHI, HeﬁCTBYIOMHC B I[Byx B3aNUMHO

MEPIEHIUKYIIAPHBIX IIIIOCKOCTX,
N — oceBas cuia, AeHCTBYOMIAs HA (PIIAHIICBOE COCIUHCHUE!
— MPH PACTSHKEHUH IPUHAMAETCSI CO 3HAKOM ILTIOC;
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— IIPH CHKaTHU — MUHYC.

G — 3 deKTrBHBIN AHAMETP MPOKIAIKH:

1) Ans TIOCKHMX MPOKJIAIOK MIMPUHOW D<I5 MM, a Tarke s MPOKIAIOK
OBAJIHOTO MJIM BOCBMHUIPAHHOI'O CEUEHHS — CPETHUM JraMeTp MpOKIaIKy;

2) A7st TUTOCKUX TPOKIIAMOK C Hapy»KHbIM auamerpoM Dy u mupunoi b>15
MM:

G=D,, -387/b, Mm

Ar — KodpUIMEHT, NPUHUMAEMBIH ST pacyéra TEXHOIOTHIECKUX
Tpy6OTpoBOI0B 110 [3], B OCTATBHBIX CIydYasx paBeH 1,
D, — Hapy>XHBIH THaMeTp MPOKJIAIKH, MM
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3. PacueTHble MogeM TPYGONPOBOIHBIX CHCTEM

3.1. [Tpou3BOJBHBIN Pa3BETBICHHBIN TPYOONPOBO, COACPIKAIIN, B 00IIEM
cilydae, TPOWHUKOBBIE Y3JIbl, 3aMKHYThIE METIIH, 3allleMJIEHHBIE 1 KOHCOJIbHbIE KOHIIBI,
paccMaTrpHBaeTcsl Kak MPOCTPAHCTBEHHAs cTepxHeBas cucreMa. CucTeMa COCTOUT U3
MPOCTPAHCTBEHHBIX HEPa3BETBICHHBIX cyrepasieMeHTOB (CJ) — “y4acTKOB”, KaXKIblif
W3 KOTOPHIX HaOHWpaeTcs, B CBOIO oOdepelnb, M3 NPSAMO- H/WIM KPUBOJIMHEWHBIX
CTEPKHEBBIX JJEMEHTOB — “oTpe3koB”. CyHepaNeMeHTBl COEIUHSIOTCA B y3lax
cynepaneMmenTHol Mozenmu (COM); y3mamm CIOM SBISAIOTCS TPOHHHKOBBIE Y3JIBI,
KOHCOJIbHBIE KOHITBI.

Hymepanns BHyTpeHHHX (He3ameMiIeHHBIX) y3moB CIM  mpoBoauTcs
MIPOM3BOJIEHO, BCE 3aIIEMJICHHBIE Y3/ UMEIOT HOMeEpa, OOJNBIIHE MaKCHMAaJbHOTO
HOMepa BHYTpEHHero y3na. Hymepanus 351eMeHTOB (OTPe3KOB, CEYEHHH) ITPOBOANUTCS
0e3 “pa3pblBOB” OT HayalbHOTO y31a K KoHeuHoMy y3ny C3. CynepaneMeHT
HOJIHOCTHIO MACHTH(UIMPYETCS HOMEPaMH HAyallbHOTO W KOHEYHOI'o Y3IIOB, a IpH
Haym4ue HeckonbKuX CO ¢ OAMHAKOBBIMH HOMEpaMHU HauyaJIbHOTO U KOHEYHOTO y3JI0B
— TaKKe €ro NMpOrpaMMHO TE€HEpUPYEMBIM MOPSIKOBBIM HOMEpPOM. [ 3aMKHYTBIX
CYIIE€P3IEMEHTOB-TIETENb Ha4yalbHbIM U KOHEUHBIH y3JIbl COBIAJAOT.

OcHoBHbIe 1eMenTh pacueTHoll A CTPA-moaenu TpyOOIpOBOAHON CHCTEMBI
TIpeICTaBIICHbI HIDKE B TAOJHUIIE.

M3o0pakeHue
P Onement ACTPA- Omnucanue/
Ne oceBas
3D moneins MO TIpUMEYaHNE
MOJIENTh
OrpannyeHue
1 Samemirsronias BCEX JIMHEHHBIX
' omopa (MepTBast) 1 YTIIOBBIX
nepeMeleHui
Henonsmxuas
OrpanuueHue
omnopa o

2. . BCEX JIMHEHHBIX
(HETIO IBHKHBII o

TepeMeIIeHu i

IIapHUP)
OrpannueHune
Onopa CKOJIBXKECHUS

3. BEPTHKAIBHBIX
/ KaueHust N

nepeMeneHui
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Msobpaxerie Onement ACTPA- Onucanue/
Ne oceBast
3D mozerb MOJIENTH npuMedyaHue
MO/JIENb
Orpannuenne
4 \ Hanpasnstromas BEPTUKAIBHBIX
' omopa 1 OOKOBBIX
nepeMeLeHu i
Orpanudenue
5. \ KecTkas nogsecka | PO LCHHN
BEPTUKAIILHO
BHU3
IIpyxuHHas
OJIBECKa HO,E[BCCKa Ha
\%\ (OCT, MBH, OJHOM TAre
“crenrpyXuHbr"
6. BHUIINOT,
LISEGA,
IIOCTOSTHHOTO ITonsecka,
ycunus, HUMCECHoIIIast ABC
TMIOJIBE30BATENS) uim Gosee TAT.
Omnopa ¢ ogHOi
& TATOU
[IpyxuHHas onopa
7. (OCT,
TI0JIH30BATEI)
Omnopa ¢ AByMs
& u Oornee TATaMu
KonkpeTtHsIit
BUJ{ OTIIOPBI
N \ Omopa obmiero 3aBHCHUT OT
BUJA 3aJJaHHBIX
XapaKTEePUCTHK
OTIOPHI.
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N3o06pakeHue

3D monens

oceBasa
MOJCJ/Ib

Onement ACTPA-
MOJEIH

Omnucanue/
MIpUMEYaHNE

Hecrangapthas
oropa

VYyer
OJTHOCTOPOHHUX
CBs3EH 110
Pa3IUIHBIM
HaIPaBJICHUAM
Y 3a30POB.

10.

AmMopTH3aTop

Bocnpunumaer
MOILKO
OuHamuveckue
Hazpy3Ku

11.

Hemmndep

PaccenBaer
JHEPTUI0
KOJIEOaHUH,
BOCIIPHHUMAET
MONLKO
OuHamuyecKue
Hazpy3Ku

12.

[Ipsmas Tpyda

3D-monenp
OTpaXkaeT
peanbHbII
JMaMeTp TpyOsbl

13.

OTtBOIT
(Tu6, KoJIeHO)

Brinensiercs ot
CeueHHUs Havaja
BCTaBKH OTBOJIA
JIO CEUCHUS €ro
konma. Umeer
ceueHue
cepenuHbl rubda
(BcTaBmsercs
TPOTrpaMMon
ABTOMATHYECKH)

14.

Y1 /o |

Tpoiinuk (cBapHOH,
C HaKJIaJIKaMH,
LITaMITIOBaHHBIH,..)

Brinensiercs
IIBETOM OT y3Jia
JIO CepeIUHbI
OnmmKanIen
eTanu
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IITAMIIOBAHHBIH, . )

M3o00paxenue
P Onement ACTPA- Onucanue/
Ne oceBas
3D Mozens MOJENH npuMedyaHue
MOJEND
. Brimensercs
TpoliHuK Kak
N L[BETOM OT y3Ja
JeTanb (CBapHOH, ¢
15. 10 Hayaya
HaKJIaJKaMU,
MIPUMBIKAFOIITUX

JeTaneu JeTaiu

Komnencatop
(TMH30BEIH,
CUIIL(OHHBIH, . ..)

Komuuectso
ro¢ppoB Ha
n300pakeHU! —
YCIIOBHOE

Pasmep (mmuHa)

B
g
-

IMepexon(auK) n300pakeHHs
(KOHIIECHTPUYECKUH, | COOTBETCTBYET
9KCIIEHTPUYECKH ) (axTrIecKon
JUIMHE TIepexoia
Pasmep (ammna)
' n300paKeHus
\\ “Apmatypa” P
\ COOTBETCTBYET
18. (kmamaH, BEHTHIIb, o
(axTHaecKoi
3aJIBWKKA,...)
: JUTHHE
apMatypsl
Pa3mepsl
H300paKeHUS
“Apmarypa” P
COOTBETCTBYIOT
C TIPUBOJIOM
19. JUTHE
(kmamnaH, BEeHTHIb,
apMaTypbl 1
3aJIBUXKKA,...)
LIEHTPY Macc
MIPUBOA
3amaercs
- DneMeHT n
MPUBEIEHHBIMU
HEKOJIBIICBOTO
20. J)KECTKOCTHBIMH
(IpOU3BOJIBHOIO)
. XapaKTEePUCTHKA
CeUCHUS
MU CEYCHUS
B mo6om
21. dnanen CEYCHHUH
TIPSIMOIt TPYOBI.
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N3o06pakeHue

oceBasa

3D monens
MOJEIb

Onement ACTPA-
MOJEIH

Omnucanue/
MpUMEYaHUe

22.

JIHnIIe/KphIIKa

MosxHOo
YCTaHOBUTD
TOJBKO B
KOHCOJILHBIX
y31ax

23.

B
.

“Kecrkuit
ajeMeHT” (BCTaBKa)

ObecrieunBaeT
abCOoJIFOTHO
JKECTKYIO
HEBECOMYIO
CBSI3b MEXKIY
CEUECHUSIMU

HekoTopbie U3 3THUX 3JeMEHTOB-AeTajlecii B cocrtaBe (parmenta ACTPA-
MOJIENT XapaKTEePHOU MPOCTPAHCTBEHHOMN pa3BETBICHHOI TPYOOIPOBOAHOW CHCTEMBI
MoKa3aHbl HIXKe Ha puc. 3.1.

Puc. 3.1 Dnements! TpybonpoBoza B coctaBe ACTPA-monenu TC (dpparmenr)
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3.2. Ilpy>XuHHBIE NTOJBECKH U PACTSDKKH, KECTKHUE TATH, OIIOPBI CKOJIBXEHUS,
MEPTBbIE, HETOJBIDKHBIC, KATKOBBIE M HAIPABJISIOUIME ONOPbI, NPY>KHHHBIE OIOPBI,
HECTHaJapTHbIE OIOPbI, CEHCMO- U BUOPOaMOPTHU3ATOPBI, JeMII(pepbl MOACTUPYIOTCS
JIMHEHHO-YIIPYTUMH ~ CBSI3IMH, TIPHJIOKEHHBIMH B COOTBETCTBYIOIIMX y3JIax H
CEUYCHHUSIX CYINEPAIEMEHTOB, JEHCTBYIOIUX B TpeOyeMbIX HaNpaBiIeHUIX (TII00aTBHBIX
Xy, X, X3 WIM JTOKaNbHBIX X 1, X/Z, X/3) 1 o0najgarounux 3aJaHHBIMM  U/HUId
BBIYMCIICHHBIMH JKECTKOCTSAMH. J[s BS3KOyNpyrux aeMrndepoB IOMOJIHUTEIHHO
3aMal0TCs JTMHEHHBIE W YTIoBble K03(duiments neMmnpupoBaHus (BSI3KOCTH) IO
COOTBETCTBYIOIINM HAIPaBICHUSAM OCEH.

PaccmatpuBatoTcst 3GQEKThl TpeHHsS B OMNOPHBIX KOHCTPYKIMAX (TpeHHe
CKOJBKEHUSI W TpeHHe KaueHus 1o wmopenn KymnoHa) mnpu cTaTMUecKux U
TEMIIEpaTyPHBIX IEPEMENICHUAX ‘HU3KOTEMIIepaTypHOro” (B HACTOAIIEH BEPCHH — U
“BBICOKOTEMITEpATypHOT0”") TpyGOIPOBOIA.

3.3. JlunzoBele, cuiib(OHHBIE U CAaJbHUKOBBIE KOMIIEHCATODHI, apMarypa U
000py/I0OBaHUE, a TAKXKE CIIOKHBIE OMOPHBIE KOHCTPYKIIMH, BKIIOYaeMbIe B PACYETHYIO
MOJIEJb TPYOOIPOBOIHON CUCTEMBI, HACAUTUZUPYIOTCSL:

1) cCTepXHEBBIMH DJJIEMEHTaMH{, WMEIONIMMH 3aJaHHble JKECTKOCTHBIE
XapaKTEePUCTUKU PaCTSHKEHUS-COKaThsl, W3rnda, KpydeHWs W CIBUra, WHEPLUOHHBIE
(MaccoBbIe) XapaKTEPUCTHKH U HATPy3KH;

B wactHOCTH, anroputMm yuera “mrToka” (TMPHBOJIA) apMaTyphl CIELyeT
W3BECTHBIM COOTHOIICHHUSIM TEOPETHYECKOH MEXaHUKH:

cmamuyeckue pacuemsl (ACTPA-CTAL])

G = GapM + Gm"ll"(,

MX = _Gmmﬂk’-yl

M, = G"""x,

ounamuueckue paciemst (ACTPA-OOPM, ACTPA-CEHCM, ACTPA-BHFP,

ACTPA-/JHH)

My, =M™+ M,

Ix - Mmmm(_(yZ + 22),

ly= M (X% + 27),

Iz - Mmmm(_(XZ + yZ),

rze:

X, Y, Z — 3a/JlaHHBIC TOJIb30BATEJIEM JAEKapTOBbI KOOPIUHATHI IIEHTPa Macc

“IITOKA”-IIPUBOa OTHOCHUTEIBHO LEHTPATBHOTO CEUEHHsS apMaTyphl
(aa ocu TpyOHI),
G — 3anannblil Bec apMmatypsl (6€3 ydera Beca “mroka’),

G"™" — 3alaHABIN BEC “IITOKA -TIPUBOJA,

M, — TUpHUBENCHHBIH W3rHOAIOMIMA MOMEHT OT “MITOKA” OTHOCHTEIBHO
rinobansHOi ocu X,

M, — mnpuBefeHHbIH H3rMOAIOIIMIA MOMEHT OT “HITOKAa” OTHOCHTENBHO

riobansHoOM ocu Y,
MP" = G""|g — macca apMaTypsl 6e3 “mrroka”,

MOK

= G""™’*|g — macca “mrroka”-npuBoOIA,
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Myy, — CyMMapHblE MacChl, IPUBEJCHHbIE K ILIEHTPaJbHOMY CEUYEHHIO
apMarypsl,
lyy; — MaccoBble MOMEHTHl HHEPIUM, TPHUBEAEHHbIE K IEHTPAIbHOMY

CEUCHHUIO apMaTyphl.

2) cynmepasiieMeHTaMH C MaTpUIAMHM JKECTKOCTH, MacCc M Harpysok,
OIIpPEJICTICHHBIMH M3 PAacueTOB YIOMSHYTBIX ITOJICHCTEM METOJAOM KOHEYHBIX
9JIEMEHTOB o MIPOCTPAHCTBEHHBIM 000JI04€YHBIM, TPEXMEPHBIM "
KOMOMHHPOBAHHBIM CXEMaM.

3.4. TloBblIeHHAsT CTEPXKHEBAs TMOJATIMBOCTE KpugoauHelinvix mpyo (‘“spdext
Kapmana™) mporpaMmMHO ompeeNsieTcs o acuMIToTudeckoir Meroauke [15, 8] ¢ ygerom
BIMSIHUS TIPUCOEIMHEHHBIX IPSMBIX TPYO, BHYTPEHHETO TABICHUSI M IPYTHX (DaKTOPOB.

Koah¢uimenTsl TOBBIIIEHHON ITOAATIIMBOCTH  (TIOHKCHHOM  KECTKOCTH)
TMOHKOCMEHHBIX OPMO2OHANILHBIX CEAPHBIX MPOUHUKOE OTIPENEISIETCS ISl TPEX YITIOBBIX
cTeneHel cBOOOIBI (1Ba M3THOAONMX M KPYTSIIIA MOMEHTHI) COTJIaCHO Metoke PTM
38.001-94 [3] u ASME [16]:

KoopduumenTsl TMHEHHOH Sy1, Sy, Sx3 M YIVIOBOH Sy, Sp, Sy IKECTKOCTH
wWmyyepHvIx Y3108 060py0oeaus (B YaCTHOCTH, W VIS NPOW3BOJBHBIX TPOHHHKOBBIX
COCJIMHEHHIT) MOTYT 33/]]aBaThCsl MIOJIb30BaTEIEM:

— SIBHO, Ha OCHOBE M3BECTHBIX aHAJIOTOB MM TPEABAPHUTEIHLHOIO TPEXMEPHOTO
KOHEYHORJIEMCHTHOTO aHajM3a (PParMeHTOB “IITyIiep-o0eyaiika’;

—  aBTOMATHU3UPOBAHHO, C TMOMOIIBIO  CHENUAIBHOTO  “KalbKyJsiTopa”,
peaM3YIOLIEero MONOXKeHHsT ¥ (OPMYJIBl psiia HOPMATHUBHBIX NOKyMeHTOB [3, 8, 70-72]
(em. Taxxe [punoxenue 4).

3.5. Toronnast mMacca AMHAMHUYECKOH CYyNEpIJIEMEHTHOM Mopenu (C yd4eToM
Macchl TETUTOM30JLIINN M pabodeil cpesbl) COCPEAOTaunBaeTCsl BO BCEX y3lIaX U B psiie
CEUCHHUI CYIIep3IeMEHTOB, BBIOMPAEMBIX U3 YCIIOBHS MPECTABUTENBHON alpOKCHMAIIIH
HeoOxomuMoro umciaa (opM COOCTBEHHBIX W (WJIM) BBIHY)KICHHBIX —KOJeOaHMIt
TpyOompoBoa. Kpome Toro, cocpemoToueHHbIE MacChl pacIoNaraloTcsi B MecTax
YCTaHOBKHM (IIGHTpax Macc) MacCHBHOTO OOOPYIOBAaHHS M apMaTypbl, a TaKKe B MecTax
JCHCTBUSl TMHAMMYECKUX KHHEMAaTHYECKUX M CHJIOBBIX HArpy3okK, BO30YXIArOIINX
BUOpanuy (CpeiHuE CeYEHUs] OTBOOB, KOChIE CTBHIKH, TIEPEXOTHUKH, TPOWHUKH U BPE3KH,
OTOPBI C HEeTUIaT(OPMEHHBIM KHHEMAaTHYECKUM BO30Y K/ICHUEM U Jp.).

3.6. CucremMa NEWCTBYIOIIMX M YYHUTHIBAEMBIX Harpy3oK M BO3JICHCTBHI Ha
CMAHYUOHHble, HAO3EMHbIE U NOO3eMHble 6 KaHanax (Ha onopax) TpyOOIpOBOMBI
BKJTIOYAET:

— KBa3UCTaTH4YECKOE paBHOMEPHOE BHYTPEHHEE WIIM BHEIIIHEE JIaBJICHHE P;

— KBa3UCTaTHYECKYI0 KyCOYHO-TIOCTOSHHYIO TIOTOHHYIO BECOBYIO Harpys3Ky (s
(mpomyKT+Tpy0a+u30IAMs M, BO3MOXKHO, CHErOBasi M TOJIOJIEAHAs) M IOTOHHBIC
Harpy3kd IO JABYM TOPH3OHTAJIBHBIM OCSIM (1, O (BeTep, CTaTHUECKHH 3KBHBAJICHT
WHEPIIMOHHON Harpy3Kn);

— KBa3HCTATHMYECKUH KYCOYHO-TIOCTOSTHHBIH TOTOHHBIA TeMIlepaTypHbIi
MOMEHT, ACHCTBYIOUIMH Ha TOPHU3OHTAJIBHBIX y4acTKax TpyO C HEpaBHOMEPHBIM
HarpeBoM IO BBICOTE CEYEHHs (HAlpUMep, YYacTKH CO CTPaTU(QHUIUPOBAHHBIM
TEYCHHEM);
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— KBa3UCTAaTHYECKHE COCPEIOTOYCHHBIE B y3Jax M ceueHmAx CD-momenu
CHJIBI 1 MOMEHTHI (MMM MOXXHO MOJEIHPOBATH CTAaTHUECKOE BIMSHUE 000pYIOBAHMUSA,
apMarypsl, OIop, OTOPOLICHHBIX BeTBEil TpyOOnpoBoaa u ap.).

—  KBa3WUCTAIMOHApHBIA  Tepemajy  CpegHed  TeMIepaTyphl — CTEHKH
TpyOOIIPOBO/Ia TIPH MEPEXOAE U3 “XOJIOTHOTO” COCTOSHHUS B “pabodee”;

— KBa3UCTALMOHApHBIA IIepenaj TemIepaTyp IO TOJIUUHE CTEHKHU
TpyOOIpPOBOa B pab0YeM COCTOSIHUY;

— 3a/JaHHBIC BBIHY)XICHHbIC JIMHEHHBIE ¥ YIJIOBBIE II€pPEMEIICHUS
3all[eMJICHHBIX KOHIIOB (Yy37I0B) M Ce4eHHil (Kak IpaBMIIO, TaK HMMUTHPYIOTCA
TEeMIepaTypHble  IEPEMENICHHS  IPUCOCAMHEHHOTO  O0OPYIOBaHUS,  KECTKUX
KOJUIEKTOPOB M APYTMX CHCTEM, HE BKIIIOYEHHBIX B PAaCUETHYIO MOJENb), a TaKKe
MIPOMEKYTOYHBIX OIOP U TOYEK ITOJIBECOK MPYKUH U JKECTKUX TSIT;

— MOHTaXXHas pacTsAKKa B 3alaHHBIX CCUCHUAX,

— CECMUYECKHE BO3HeﬁCTBHﬂ, 3aJaBacMbI€ B BHUIC J'II/I6O TPEXKOMIIOHEHTHBIX
CIIEKTPOB YCKOPEHHMH, JMOO0 TPEXKOMIIOHEHTHBIX aKCelIeporpaMM Uil OTMETOK
KperuieHus TpybomnpoBoaa (“miardopmenHas” cxema Bo3Oyxnenus) — ACTPA-
CEHCM (puc. 3.2 u puc.3.3);

— BO30YXXZAIOIIME YCTaHOBHMBIIMECS BHOpaluy - IOJMTapMOHHYECKUE
CHJIOBBIC HAarpy3KH, 33/1aBacMble B IPONU3BOJIBHBIX CEUCHUSX B BHJE HAOOpa aMILTUTY T
(cwn wu maBJieHUs ), 4acTOT U caBura (a3 Boszaevicteuit — ACTPA-BUFP;

— BO30Y)XJarolue JUHAMHYECKHE HArpy3Kd JUis TPOU3BOJBHBIX CEUCHUH,
3aJjaBaeMble B BHIE 3aBHCHMOCTEH COCPEIOTOUCHHBIX CHJI (TIPOSKIMH WM MOJYJIb)
unu napnenus ot Bpemenu — ACTPA-/[UH.

Qaae» ¢+ S & B

FABMCMMOCTE YCKOPEHWA OT HacToThl

—al, mic™2
—al, mic2
— &3, mic™2

YacToTa, My
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Puc. 3.2 TpeXKOMIIOHEHTHBIH CTIEKTP CEHCMUYECKIX YCKOPEHHNA

_I-Erpad)m(

Ga e+ | & N E

BE |

S5aBMCHMOCTE WCOKROPEHMA OT BPEMEeHHM

—al,
—aZ,
—al,

cmfeZ
cmfeZ
cmfoE

WHITTIER MNARRCWS

Puc. 3.3 TpexxoMmnoHeHTHasI akceJieporpaMMa CEHCMUIECKOT0 BO3/ICHCTBUS

HUIL CtaluO
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ol

GRS e+ +9 |5 KB

SABMCHMMOCTE NABJSHMA OT BReM&HM

015 02 025 03 035

Bpemna, cex

0 005 oA

Puc. 3.4 Jlunamuueckoe JaBICHUC

= rpadux

ol

AR e e+ S | H| B

BaRMCHMMOCTE COCPeNoTOUaHHOH CMIE oT BpeMeHMH

100

-100
-200
=300
-400
-500
-600

0s 1 12 14 16

Bpemz, cem

W — Fx, =H
¥ —Fy, mH
W — Fz, mH

Puc. 3.5 Ilpoekiuu cocpeioTOUYEHHON JMHAMUYECKOMN CHITBI
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i

GRAes+2 |3 5B |

SAaBMCMMOCTE MOOVJIA COCPSOOTOHESHHOM CHMIE OT EPSMeHM

a0
60
40
20

20
40
60

-80

-100

Puc. 3.6 Moayss BeKkTOpa COCPeTOTOYEHHBIX CHIT

— naBlieHHe aBTO(OPETUPOBAHHMS;

Ha nooseumnvie (beckananvhou npoxknaoxku) WM HasemHvle (8 HACLINU)
TPyOONPOBOABI  JOMOJHUTEIBHO JNCHCTBYIOT  HArpy3KH, 00yCIIOBJICHHBIC
B3aMMOJICHCTBHEM C TPYHTOM (BeC H JaBIICHHE TpPYyHTa, TPEHHE O TPYHT,
TPaHCIOPTHEIC — OT MTOJIBUKHOTO COCTaBa).

3.7. PacueTHas mpOCTPaHCTBEHHASI CTEPIKHEBAs MOJIEIb CTPOUTCS MCXOIS U3
YCIIOBUS NPEACTaBUTEIBHON alMnpoKCUMAIMK PeaJbHOM reoMeTpuu, Harpy3ok u HJC
TpyOOIIPOBOTHON CHCTEMBI IPH, II0 BO3MOXXHOCTH, MHHAMH3AIIMHM YHCIIA Y3JIOB,
CYIIEP3JIEMEHTOB, 3JIEMEHTOB U CEUCHUH IIPUBEICHUS Macc.

PacuerHple cedeHHS  CYINEpINEMEHTOB  JOJDKHBI  OTCICKHBAaTH  €ro
NPOCTPAHCTBEHHYIO  KOH(QUIypaiuio  (HayalbHble W KOHCUHBIC  CCUYCHUS
KPUBOIMHEWHBIX DJIEMEHTOB, CEUEHHS INEPETHOOB), HM3MEHEHHUS T'€OMETPHUYECKUX
XapaKTEePUCTHK CEYCHHs (AMAaMETPOB, TOJIIWH, MPHOABOK), (HU3UKO-MEXaHUIECKHUX
cBoiicTB (Momynsi ympyroctd, koddduumenta IlyaccoHa © 1ap.) U mapaMeTpoB
pacmpeiesiCHHbIX Harpy3ok (TIOrOHHas Macca, TeMIlepaTypa, [aBJIeHUE), OBITh
NPUYPOUYCHBI K MECTaM MPUIIOKEHHUS CBs3eH (MPYKUHHBIC MOJBECKH W PACTSIKKH,
OIOPHI CKOJBKCHHS, HATPABJISIONMEC W KATKOBBIC OIOPEI, CEHCMO- M BHOPOOIIOPHI,
nemiiepsl), COCPEAOTOUEHHBIX HATPY30K M YCTAHOBKU (DJIAHIEB, K CEUCHHSM, JUIS
KOTOPBIX BHINIONHSACTCS MOHT@)XHAs pacTsHKKAa W/WIH 33JaHBl  BHIHY)KICHHBIC
MepeMeIIeHUs, JOMONHUTEIbHEIC HANPSOHKCHUS, a [UIA TOJ3EMHBIX  YYaCTKOB
TpyOOIpOBOAOB — W K 30HAM HM3MEHEHHS  XapaKTepUCTHK  H3OJLILUH,
KOMIEHCHPYIOIINX MTOTyIIeK U TPYHTa.
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Kpome Toro, BBOAWTCS Takoe KOJMYECTBO PpACUCTHBIX CEYEHWH Ha
“mmuaEEIX” (L>5+10D) mpsMoIMHEHHBIX SJIeMEHTaX, KOTOPOe MOXKET OOeCIeYHTh
YZIOBIIETBOPHUTENIbHYIO AMNPOKCHMAIIMIO PACHPEAEICHH U MaKCHMAaJIbHBIX ypPOBHEH
CTaIlMOHAPHBIX W (M) IUHAMHYECKHUX MEPEMELICHUH 1 HanpsKeHHH. B gactHOCTH,
JOJDKHO OBITh 3aJaHO N0 KpaiHeil Mepe OJHO CEYCHHE B CepeluHe KaKIoro
“IIMHHOTO” AIIEMEHTA.

Jns  TOA3EeMHBIX  YYacTKOB  TpPYOONPOBONOB  JIOMOJHUTEIBHBIM (IO
YMOJYaHUIO — MPOTPaMMHO pEalIn3yeMbIM) SIBIAETCS TpeOOBaHHE JOCTATOYHO
PaBHOMEPHOTO pPAacloOJOKEHHs CEYEeHWH 10 JUIMHE, uUMes B BHIY JOCTaTOYHO
MmogpoOHOE WM XOPOWIO  BBIYHCIHUTENBHO  OOYCJIOBJIEHHOE  MOJEINPOBAHUE
B3aMIMOJICHCTBHE CHCTEMBl ‘‘Tpy0a-H30ILIUA-TIOAYIIKA ¢ TPYHTOM 3acCBHIIKA H
OCHOBaHWSI.

3.8. BbiOOp ceueHMi TPHUBEICHUS Macc Ui CYMEpIJIeMEHTHOW MOJENH
(momuMo “00s3aTENBPHBIX” — Y3JI0B MOJENN W CEYCHUH MEHCTBHS IWHAMHYECKHX
Harpy30K) OIpenenseTcs u3 MpHOIMKEHHOTO aHaN3a “TIapIHaIbHBIX COOCTBEHHBIX
YacTOT BETBEHl TPyOONPOBOAHOM CHCTEMBI: KOJIMYECTBO TAKMX CEYEHHH B i-M
CymnepaJieMeHTe JIOJDKHO OBbITh PaBHO:

>
m

Im 3 1
22
k=1 m=1

Oy

n, =(L, —3N) o,

rze:

L, — MakcMMaJibHO JIOIYCTHMOE YMCIO JAWHAMUYECKHX CTereHeld CBOOOJIbI
COM (B manHoit Bepcuy, L, = 60000),

N — o6mee gucio y3nos COM,

| — ymcno cynepaneMeHToB,

@ im — TPUO/IIKEHHAS HU3IIAs COOCTBEHHAs YaCTOTA I-r0 CyMepIJIeMEHTa TPy
NPEUMYILIECTBEHHOM TepeMelleHnn mo ocu Xy (Mm=1,2,3), xoTopas
OTIpeNIeNAeTCs KaK:

3mecs:

lim — “npuBeneHHas’” M3rHOHAS JIMHA CYIIepIJIeMEHTa,

M — noroHHas Macca TpyoObl,

M, — cocpefjoToueHHAs Macca.

Ecnm nj << 1, To Macca He pa3MemaeTcs Ha JaHHOM cyrepaneMmente. Ecnu
n;(0,5; 1), To BBOAUTCS OJHO CEUYEHHUE C MAcCOi (3a CUeT CymepaIeMEHTOB, Ie N;
>>1).
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3.9. /Ins noazeMHbIX TPYOOIPOBOIOB OeCKaHAIBLHOMN MPOKIAAKH (TEIIOCETH),
MOJ3EMHBIX M HAa3eMHBIX (B HACBINM) MAaruCTPaJbHBIX TPYOOIPOBOAOB H3OJIALIUS,
KOMIICHCUDYIOLIME TMOAYMIKA (Ipd MX HAIUYUM) W TPYHT MOACIHUPYIOTCS
pacripefiesIeHHBIMH 0 JUIMHE OIOPaMH, JKECTKOCTh KOTOPBIX (K03((dUIMEeHTHI
NIOCTEJ M) HEJMHEHHO 3aBHCUT OT BEJMYMHBI M HalpaBlieHHs nepemenieHuid [35, 48,
51]. Ilpm >TOM ceTKa BBIHYKAEGHHO CTYIIAeTCsS 1O CIEAYIONMX XapaKTepHBIX
paccTosHUN MEXIy ceueHHusMH (¢ “TpyHTOBbIMHU TceBmoomopamu’). (2—4) D — Ha
npsMoniHeiHbIX  ydyactkax, (0,2-1,0) D — B 30HaxX OTBOIOB, KOCBIX CTBIKOB,
TPOWHHUKOB, OTIOP ¥ BEIXOAOB U3 TPYHTA.

3.10. B moacucreme yTOYHEHHOTO pacyeTa TEMIIEPAaTyPHOTO W HAIPSHKEHHO-
Jne(OpMHPOBAaHHOTO COCTOSHUH, OLEHKH IPOYHOCTH JeTanell TpyOOoIpoBOIOB
(ACTPA-CTA/THO) peanm3oBaHa aBTOMATHUYECKass TEHEPAIMS ONTHMAJBHBIX IO
TOYHOCTH MPOCTPAHCTBEHHO-OOONOYEYHBIX (UII TOHKO- H  “‘CPEIHECTeHHBIX
JJIEMEHTOB) M OOBEMHBIX (I CpemHe- W TOJICTOCTCHHBIX JeTaled W CHUCTEMBI
“TpyOONPOBOI-U30IISILHUS-TPYHT ) PACUETHBIX KOHEYHOIIEMEHTHBIX MOJIEIIEH.

OCHOBHBIE peaM30BaHHbIC TUIIOTE3bl: W30TPONHUSl M JIMHEWHAs YIPYrocTh
Mertaia  (pu3ndeckas JIMHEHHOCTh) M MalloCTh JedopManuii-iepeMereH i
(reomerpuyeckas JIMHEWHOCTH). [ rpyHTa (TOoa3eMHBIE TPyOOIPOBOABI) NPHHSTA
¢u3Mueckl  HENHMHEHHAs  peoNoruueckas  MOZAENb  JHEPreTHYecKoro  THUIla,
3apeKoMEeH0BaBIIas ce0sl MPH YHUCICHHOM MOJICIIMPOBAHUHM TPEXMEPHBIX CHCTEM
“ocHoBaHHue-coopyxenue” [10].
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4. BoluHCIAUTENbHBIE AJITOPUTMBI

4.1. B monyne ACTPA-JJETAJIb peamizoBansl HopMmatuBHbie [1-12] anmroputmsr
pacyera 1o BEIOOpPY OCHOBHBIX pa3MepoB JieTajiell TpyOonpoBo/a, B IByX BapuaHTax:

1) pacyéT MMUHUMAJIFHOW TOJIIMHBI CTEHKH JeTaliel 1o Hapy>KHoMy quametpy D,
— pacuéT MUHMMAIBHOM TOJIIMHBI CTEHKH JeTajiell TpyOOonpoBoja, UCXOM M3 3aJaHHBIX
TIOJIb30BaTeNeM Ppacu€THBIX MapamerpoB; [Ipy 3TOM HemoCpEenCTBEHHO OIpEmelIsIIoTCs
HOMUHAJIBHBIC TONIIMHBI CTEHOK JeTaled TpyOompoBoma W IUIOMIAAN  CEYEHHS
JOTIOTHUTEJBHBIX YKPETIISIONINX YJIEMEHTOB TPOHHUKOBBIX COSTMHEHHH.

2) BBIOOp HeTaneld C MWHUMAIBHON TOJNIIMHOW CTEHKHM W3 COpTaMEHTa II0
ycnoBHoMy auamerpy Dy. B 3ToM cilydae 1O COpTameHTy BBIOMpAIOTCS JETaIH C
TIOIXOMSIIIM YCIIOBHBIM MAMETPOM, OTIPEIEIIETCS MX Hapy>KHBIN JuaMeTp. 3aTeM, UL
Ka)KJIOrO Hapy>KHOTO JIMaMeTpa BBIYUCIIETCS TpeOyeMasi HOMUHATbHAS TOJIIMHA CTEHKU U
CPaBHUBAETCsI C TOJIIMHOW CTEHKH COOTBETCTBYIOIIMX JIETalled U3 COPTAMEHTa, MOCIEe Yero
BI)IGI/IpaeTCSI JcTrallb ¢ MUHUMAJIBHO BO3MOKHOM JUIL BBIYMCJICHHOI'O JUaMeTpa TOHIHHHOﬁ
CTEHKH.

42. B wmonymix ACTPA-CTAIl, -®OPM, -CEHCM, -BHBP wn -JHH
peaM30BaH  arOPUTM  pacydeTa MPOM3BOJIBHBIX Pa3BETBIEHHBIX M MPOTSDKEHHBIX
TpyOONpPOBO/IHEIX CHCTEM (OMpeJIeiieHHe TIepeMEILICHHH, Harpy30K Ha OMNOphI U YCUIIHI B
CEUCHMSX) KaK JIMHEHHO-YyNPYTMX NPOCTPAHCTBEHHBIX MHOTOKPAaTHO — CTaTHYECKH
HEOMpe/ICNMMBIX CTEP)KHEBBIX crcTeM, u3nokenHsiii B PTM 108.020.01-75 [15] (cm. Taroke
[punoxxerne 2) 1 MOZICPHI3UPOBAHHBIHN IS

1) TOBBINIEHWS TOYHOCTH W BBIYUCIHUTEIBHOH A(P(EeKTHBHOCTH I CHIEHO
Pa3BETBIICHHBIX, MPOTSKEHHBIX U (VIJIM) KOHTPACTHBIX T10 JKECTKOCTH CHCTEM;

2) y4yera Harpy30K M OIOp HE TOJBKO B CEUCHHSIX CYNEPINIEMEHTOB (Y4acTKOB),
HO U B y3JIaX COEIMHEHHs CYNIePAIIEMEHTOB;

3) yuera MOBBIIMIEHHOW 000JI0YeYHON TOAATIMBOCTH TPOHHUKOBBIX COSTUHEHUIA
1 BpE30K TPYOOIPOBO/IOB B 000PY/JOBaHNE;

4) y4eTa CTEep)KHEBBIX AJIEMEHTOB IPOU3BOJIBHOTO (HEKOJIBIIEBOTO) CEUCHHS IS
MOJICJIMPOBAHUS  CJIOKHBIX OIOPHBIX KOHCTPYKUMH W O0OpYIOBaHHS B COCTaBe
TPYOOIIPOBO/IHBIX CHCTEM;

5) ydera TpeHHS CKONBKEHMS W KadeHHS B OINOPHBIX KOHCTPYKIIMSX,
BO3MOXKHOTO OTPBIBA TPYOOIIPOBOIOB OT HUX (JUTSl OJJHOCTOPOHHMX IO BEPTHKAIIH OIOP),
OIIOp C 3a30paMmu;

6) ydera COBMECTHOM HENMWHEHHOW padOTHI CHCTEMBI “‘Tpyba-M30ILIHA-TPYHT
TOJ3EMHBIX TPYOOIIPOBOOB OCCKAHAIBHOW IMPOKIAAKH (TEIUIOCETH), MOIA3EMHBIX U
Ha3eMHBIX (B HACHINN) MaruCTPaJIbHBIX TPYOOIIPOBOIOB;

7) pacyera COOCTBEHHBIX YacTOT U OPM KOJIeOaHHIA;

8) pacuera Ha celficMuueckue, BHOpPAOHHBIE M JUHAMIYECKUE BO3ICHCTBUS;

9) popMupoBaHMs ¥ ydeTa T.H. MATPHYHBIX CYNEpPIJIEMEHTOB (peIylIMPOBAHHBIX
MAaTpHII JKECTKOCTH, Macc U Harpy3ok — Kpeiira-bemnroHna).

AJNTOpUTM coueTaeT CyNepaJIeMEHTHBIH MOIXOJ METoZa HepeMeleHHi (CM. .
4.13) ¢ MeToiaMi HauaIGHBIX ITAPaMETPOB M IIPOTOHKH (JUISl KaXKIIOTO0 HEPa3BETBIIEHHOTO
CYIIEpaJIEMEHTa), pealM3yeT CHEKTPAIBbHBIA MOAXOJ (Pa3jioKEHHWE 110 3HAYMMBIM
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coOcTBeHHBIM (hopMaM KojieOaHHH, OMPEeIEMbIM U3 PCIICHHS YaCTHYHOW MPOOICMBI
COOCTBEHHBIX 3HAYEHWH) M MPSMBIC METOABI JWHAMHYECKOTO AaHANN3a, HCIIONb3YeT
3¢ peKTUBHBIE IArOBO-UTEPALIMOHHBIE IPOLIEYPHI PEILICHHsT HEJIMHEHHBIX 33/1a4.
3HauYMTENbHAS YaCTh PEaIM30BAHHBIX YHMCICHHBIX METOIOB, CXEM W IPOrpaMm
HOJTHOCTBIO WJIM ¢ HEOOXOIMMBIMU MOJM(HKALMSIMH 3aMMCTBOBaHa M3 “MaTepHHCKOTr0”
YHHBEPCATBHOTO KOHEYHO- M CYMEepINIeMEHTHOro kKomiuiekca nporpamm CTAJHO [74], ¢
TIOMOIIBI0  KOTOPOTO PEIIeHBI pa3sHOOOpa3Hble, B TOM YHCIE IUIOXO OOYCJIOBJIEHHBIC
CTaTMYEeCKMe W JWHAMUYECKHE 337auyd  “‘CBepX OOJBIION  Pa3sMEpHOCTH I
MIPOCTPAHCTBEHHBIX CHCTEM, CYIIECTBEHHO OoJjiee CIOXKHBIX (INIMTHO-000JI0YeYHO-
CTEPKHEBBIX, TPEXMEPHBIX 1 KOMOWHHUPOBAHHBIX ), YeM TPYOOIIPOBOAHBIE (CTEPIKHEBBIC).

4.3. Tlpenycmorpen pexum cratndeckoro pacuera (ACTPA-CTAL]) c
ABTOMATHYECKUM BBIOOpOM XapakTepucTuk npyxkuH copramentoB OCT, MBH u
“cneunpyxus” BHUITNOT, npoBOANMBIM HTEPAITMOHHBIM ITyTEM B COOTBETCTBUH C
pexomermanusimu PTM 24.038.12-72 [17], u npyxun LISEGA [33]. CxoaumocTts
mporecca (Kak MpaBuiio, 3aJaeTcs Kputepuit He 6onee yem 35%-To OTIUYUS Harpy30K
Ha NPY>KHHBI B “paboyeM” M “XOJIOAHOM” COCTOSIHUSIX) AOCTUTAETCsl B OOJIBIIMHCTBE
ciydaeB 3a 2-4 uTepaiuu.

IIpu ompeneneHUH XapaKTEPUCTHK “‘CHELUANBHBIX’ MPY>KUH YUUTBIBAIOTCS
TaK)Ke YJUIMHEHUS TS W W3MEHEHHE TEePMOMEXaHWYECKHX XapaKTEPUCTHUK MpPY>KUH
IIpY Harpese.

Taxxe peamu3zoBaH ydeT T.H. “IPYXKUH MOCTOSHHOTO  yCWIHS,
o0ecreunBaONIMX 33/laHHbIe HArpy3kd Ha TpyOompoBox (NpYyXHHY) Ui BCeX
3HAYNMBIX PEKUMOB-3TAllOB OAKCIUTyaTallud, BKJIIOYass pabodee, XOJNOAHOE W
HCIBITAaHAHN (TIPY HE3aKJIMHEHHBIX MPYKHHAX ).

ITpexycMoTpeHa BO3MOXKHOCTH y4deTa HAKJIOHA TAT MPYKHHHBIX MOIBECOK
(ynpyrux omop) M >KeCTKHMX MOIBECOK (TAT), BO3HUKAIOLIETO MPU TEeMIEpaTypHBIX
nepeMelIeHUsX TpyOOonpoBoia; AJisl ITOTrO JIOJDKHBI 33JaBaThCs paboyue JUIMHBI TST
MIOJTBECOK.

4.4. TpeHue CKONbXEHUs H(MIM) KaueHUS B OMNOPHBIX KOHCTPYKIMAX
YUUTBIBaETCS B paMkax Mozeinn KyinoHa 1o JIBYM aJbT€pHAaTHBHBIM METOJMKAM
(ACTPA-CTAL]).

IMo meroauke HITO IIKTU [80] TpeHue yduThIBaeTCS MPH TEPEXOie U3
pabouero cocrosiHMA B XononHoe (dTam 3). B pabouem cocrosHum TpyOompoBoga
(oram  2) K JEWCTBYIOIIMM KBa3WCTAI[MOHAPHBIM HAarpy3kam (Bec, JaBJEHHE,
TeMIIepaTypa H Ap.) 100aBISIFOTCS CUIIBI TPEHHS, OTIPEeIICHHBIC Ha JTarne 3.

ITo meromuke wHCcTHTyTa “T'Hmpokayuyk” [83] TpeHHe yUWTHIBaeTCS TPHU
JIeHCTBUU Ha TPYOOIIPOBOI BCEX HATPYKAOIINX (PAKTOPOB OTAETHHO B paboueM (3Tarr
2) u xonogHoM (dTam 4) coctosHusAX. [lepexon u3 pabodero COCTOSHUS B XOJOIHOE
(pa3Maxu mepeMemieHuil U HaupsHKeHNUH, 3Tal 3) ONpeessieTcs] Kak Pa3sHHIa MEXIY
OJTHOMMEHHBIMH (DaKTOpaMu STAIOB 2 U 4.

B o0eux Meroaukax TpPEHHE MOJEIUPYETCSl DKBHBAJIEHTHBIMU YIPYTUMH
CBSI35IMH, JKECTKOCTh KOTOPBIX BBIYMCIISIETCS B MTEPALIMOHHOM Tponecce. Kpurepuem
CXOIMMOCTH MpPUHATO PaBEHCTBO (C OTHOCHUTENBbHOM TOUHOCTRIO 10 0.1%)
MIPOM3BEJCHUS. YIOMSHYTOW JKECTKOCTM Ha COOTBETCTBYIOILYIO KOMIIOHEHTY
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TepEeMEILICHUM CUJIe TPEHUS, T.€. IPOU3BEICHUIO BHIYUCIISIEMO HOPMAIbHOM peakiuu
Ha 3aJaHHbIi K03 dunuenT Tpenus f,.

st yckopeHus CXOIUMOCTH IPENYCMOTPEH psili  BBIYMCIUTEIBHBIX
npoueayp, B YaCTHOCTH, aJalTHUBHAd HWUTCpAllMOHHAsA CXEMa (lll/ICJ'IO l/ITepaHI/lﬁ
KoneOnercs, Kak mpaBwio, B mHTepBane 10420 mit “npocTeix” TpyOOIpPOBOIOB C
MaJIbIM 9UCIOM Takux omop a0 50+200 it CIOXHBIX CHCTEM C OOJBIIAM YHCIOM
OTIOp TPEHHUS).

VY4yer TpeHHs Ha d3Tale MCHBITAaHUH (IpU 3aKIMHEHHBIX M PACIyIIEHHBIX
MPYXKHUHAX) peaNnu3yeTcs Mo MeToauKe HHCTUTyTa “T'umpokayuyk” [83].

[lo anamoruyHOW WTEPAIMOHHONW NPOLEAYpPE YUYHUTHIBAETCS BO3MOXKHBIH
OTPBIB TPyOONpPOBONA OT OJHOCTOPOHHUX ONOpP (Ha COOTBETCTBYIOIIMX JTarax
BEPTHKAIbHAS )KECTKOCTh TAKUX OIMOpP MPOTPAMMHO OOHYJISETCS).

Coueranue IBYX HTEPALHOHHBIX IIPOIECCOB Ui OJHOCTOPOHHHUX OIIOp
TPEHHS MOXKET CYNIECTBEHHO YBEIMYHTh YHCIO HTEpaluid, a Uil HEKOTOPBIX
HEpAaIMOHANBHBIX PACCTAHOBOK (C HMHXKCHEPHOW TOYKHM 3PEHHs) JaXke ClHenaTh
HEBO3MOYXHOH CXOIMMOCTB C 3alaHHOM TOYHOCTBIO.

4.5. “YcnoBHBIE” KECTKOCTH MPYKUHHBIX MMOJABECOK (Ha 3Tame 1 pacuera c
BBIOOPOM TIPYXKHH), JKECTKOCTH “abCONIOTHO” IKECTKHX OINOPHBIX KOHCTPYKLUIA,
HNPY>KUHHBIX OTIOP U JKECTKHX ITOABECOK (TAT) BBIYMCISIOTCS aBTOMATHUYECKH, UCXOJS
U3 2-X KpUTEPHEB:

1) obecrneyeHne ucye3aOUle MalbIX IEPEeMEUICHHH 110 HalpaBJIeHUSIM
YCTaHOBKH OTIOP;

2) mpenoTBpalleHne YPE3MEPHBIX “KOHTPACTOB” B JKECTKOCTSIX, BEAYIIHX K
YXYIIEHNIO BEIYUCIUTEIHFHON 00yCIOBICHHOCTH CUCTEMBI.

B cooTBercTBMM € 3TUMH KPUTEPHUSIMH M C  BBIYUCIUTEIHEHBIMH
9KCTIIEPUMEHTAaMH BETMYNHA KECTKOCTH ONPEEISAECTCS B IPOrpaMMax Kak:

3
10* maxd| 2 sE,2 sE
I |

rue:

E —momynp yripyroctu Marepuaia TpyOs!,

D —napyxHbIil MameTp TpyOHI,

S — TOJIIIMHA CTEHKH TPYOHI,

1=0,5(li.;+l;) —xapakTepHas AauMHa OCH,

lig, l; — mimHBL MpONIETOB (PACCTOSHUS IO COCEAHUX OMOP) C OJHOM H C

JPYroil CTOPOHBI OT IaHHOM ONOPBL.

4.6. PemeHne pe3ynpTHpYIOUMEH anreOpamdecKod CHCTEMBI YpaBHEHUH
paBHOBECHS CyNEepIEMEHTHON MOJIeiH (OIpe/ielieHue BEKTOpa NepeMenieHHH B y3Iax
{U }) npoBoautcs A cratuueckux 3agad (ACTPA-CTAL]) u npu omnpeneseHuu

matpul] nogatiuBocT (ACTPA-POPM, cm.n.4.7) o cxeMe KBaJIpaTHOTO KOPHS
(Xonenkoro) ¢ y4eToM IOJIOKUTEIBHONH OIMPEICIICHHOCTH, CHMMETPUYHOCTH,

OJIOYHOCTH U PA3PCIKEHHOCTHU MATPULIbI ) KECTKOCTHU [K] .

Mocksa, 2021 69



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2021

rae {F} — BEKTOp Harpy3ok cucteMbl. Kod(hQuIueHTb MaTpHIbI [K] "

TPEyroJbHOW MaTpHLBI-haKTopa [L] BBIUUCIIAIOTCA C JBONHOH TOYHOCTBIO.

[IpenrycMoTpeH pexuM aHaidM3a TOYHOCTH IIONYYEHHOTO PpEHIEHHS U €ro
UTEPAIIOHHOTO YTOUHEHUSI.

4.7. 3HaunMble COOCTBEHHBIC YAaCTOTHI @i (B 3aJaBacMOM JHAIIa30HE
JUHAMHYECKOTO BO3IEHUCTBHSA ) < w < £, nnm 3aganHoe kosmdectBo Kl HU3mMX) n
cootBercTBytomue UM Gopmel {p}i kKoiebaHHN pacyeTHOW TMHAMHYECKOW MOJEIH
OTIPENIEIIAIOTCS U3 PEIICHUsS YaCTHON (YacTUYHOW) JTMHEHHOHN anreOpandeckoi 3amaqn
0 COOCTBCHHBIX 3HAUCHHSX:

[@]=|o’ 6" [AIM] @]

rae [DP]=[{e}, {¢}i+1, {¢}j+xi-1,]- MaTpuna KI 3HaYNMBIX COOCTBEHHBIX (GOpM,

0° = le + Q; 2 — 3ajaBacMblil CIBHI CMEKTPa, — MATPUIA MOJATIUBOCTH JUIs
JIMHAMUYECKUX CTeneHed cBobomsl, [M] — Marpuiia Macc (IMHAMHYECKHX CTETCHEH
CBO0OOIBI).

Pemenne dyacTHOW mpoONEeMbl COOCTBEHHBIX 3HAYCHHH IPOBOAUTCS B
nporpamme ACTPA-@OPM (pe3ynbTaThl Hcnonb3yioTcs nporpammamu ACTPA-
CEHCM, ACTPA-BHEP u ACTPA-/IHH npu pacuérax METOJIOM PasJIOXKEHHs T10
coOcTBeHHBIM  (opMaM) dS(G¢eKTUBHBIM  OJ0uHBIM  MeTonoM Jlanmoma  [45],
MO3BOJISIIOIINM  OTIPENEIISITh BCE 4acTOThl M (OpMBI KOJNEOaHWI ITPOM3BOJIBHBIX
Pa3BEeTBJICHHBIX W TPOTSDKEHHBIX CHUCTEM (B YacTHOCTH, KpaTHbIE W OJM3KHE K
KpPaTHBIM).

Martpuna sxecTkocTd cucteMbl [K] MOXKeT yYHUTBIBaTh XapaKTEPHUCTHKU OIOP
B 2-X BapHaHTaX:

1) >KecTKOCTH O8ycmopoHHux onop 6e3 mpenus (HOPMATBHO CTPOTHH
MTOJIXO, OTBEYAOIINI OTPAHUICHUSM CIIEKTPATIHHON THHAMIIECKOH METOTUKH);

2) KECTKOCTH OOHOCMOPOHHUX ONOp C mpeHuem, ONPENeIeHHbIE U3
cratnyeckoro pacuera (ACTPA-CTAI]) — OpHrHHAIbHBIA WH)XEHEPHBIM IpUEM
aBTopoB 11K.

4.8. Pacyer ImHeWHO-ympyroro TpyOOmpoBoja Ha  CeHCMHUYecKue
BO3JICHCTBYS, 3aJaHHbIE TPEXKOMIIOHEHTHBIMH CIIEKTpaMH OTBeTa (YCKOPEHUii)
{a(w)}123, mpoBomurcss mo  “‘muHeHHO-cmekTpanbHOMy — Metomy”  (JICM)
peanu30BaHHOMY B IIporpaMme ACTPA-CEHCM B clenyouei
I0CIIE0BATEILHOCTH.

4.8.1. Ins xaxnoit i-ii yunteiBaeMoil coOcTBeHHON (opmbl kKonebanuid {gi}
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(i=1,2, .. , KI) ompenmensercs MakCHMaibHas ceificMudecKas Harpyska Ha
TpyOOompoBOL

gl Mleos@ )
s} =), 4 S Dl

rae: COS(ﬁ, )_() — BEKTOD HAIPaBJIAIONIUX KOCHHYCOB CEHCMHYECKOTO

BO3JCHUCTBHA,

a(w;) — BenmmumHa (OpaMHATA) CIIEKTPa OTBETA JUIS COOCTBEHHOM YaCTOTHI .

B o6imem citydae 3aaHusi TpeX CIEKTpoB oTBeTa ay(w), ax(w), as(®w) mo Tpem
B3aMMHO MEPIIEHIUKYIISPHBIM HATIPaBICHUIM

4.8.2. JInst kaxmon i-ii yauThiBaeMOW COOCTBEHHON (OPMBI OMPEAEISIOTCS
cericmuueckue nepememenus {Us}i n BHyTpeHHue cunossie daktopsl {Ng}i Bo Bcex
pacUeTHBIX CEUCHUSX, HAarpy3KH Ha omopbl U obopyaoBanue {Ps}i oT craTtHyeckoro
TIPAIIOKEHUS celicMUIecKuX Harpy3ok {S} (11.4.8.1).

4.8.3. OmpesensroTcsi pacyeTHbIC BEIMYMHBI CEHCMHYECKHX IepeMeIleHU

{U }, BHyTpenHux ycrunmuii \N ( 1 Harpy3ox Ha onopst n oGopynosanue P,

S
Kl 172

(S
(S

a yepe3 BHYTPEHHHE YCHIINS {N s } — TIpUBEJICHHBIE CeHCMUUEeCKUe HATPsuKeHHUs {os}

BO BCEX 3JIEMEHTaX (CEYeHHUsX) TPyOOIpoBoIa.

4.8.4. CelicMuuecKkie YCKOpPEHHS IUII BCEX CCUCHHH paCIIONOKEHUS
OUHAMUYECKHX CTETNeHeH cBOOOABI (B TOM 4YHCIE, W OIS CEUCHHH apMaTyphl)
ONPENeNSIIOTC B paMKax JIMHEHHO-CIEKTPAIBHOTO pacdyeTa II0  CleAylomei
BBIYHCIIUTENLHON TIpoLeaype.

a) Uil KaXIOH i-H yuMThIBaeMO# COOCTBEHHOH (HOpMBI KoJeOaHHi {gp}i

(i=1,2, ..., Kl) onpenenstoTcss MaKCHMAaITbHBIE CEHCMHUYIECKHE YCKOPEHHUS B CCUCHHUSX C
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JUHAMHYECKAMHU CTENEHIMHU cB0OO b [12-20]

{phIMTS foos(ay. x)} 2, (@)

W=l Tl

rae COS(&, X) — BEKTOp HaIpaBJBIIOMIUX KOCHHYCOB CEHCMHUYECKOTO

BO3JICHCTBHS,
a(a)i ) — BeJIMYMHA (OpJMHATA) CTIEKTPA OTBETA JUIl COOCTBEHHOM YacTOTHl ) .
0) ompenensFOTCS  “UTOTOBBIC” pPacUYeTHBIE BEIMYMHBI CEUCMHYECKUX
yCKOpeHHit {As }

i
1/2

Kl
A= 2AAT
S s Ji

i=1
4.8.5. JlomomHuTeNnbHBIE, pErjJaMEHTUPOBAHHBIE HOBOM  pelakuue
HOPMAaTHUBHBIX JOKYMEHTOB BO3MOXHOCTH CEHCMHMYECKOrO pacdyera — yueT
“IOTEepSIHHON” MacChl 10 BBICIIUM COOCTBEHHBIM (popMaM, COOTBETCTBYIOLINM

gactoTaM Beime 33 ',

AnropuT™, peaqu30BaHHBIA B aKTyalbHOM IporpaMmHoM mopnyie ACTPA-
CEHICM, cBOIMTCS K ONpENENeHHIO JIOTIONHUTEILHOR KBa3HCTATHIECKOH HAarpy3KH

*
{S , YYUTHIBAIOUIEH BKJIAJ BCEX HEYYTCHHBIX BBICIIUX COOCTBEHHBIX (HOpM

koneGanwmii (f;> ® =3 3l'n):

5" =Ml ja(@).

Ay _ (19} M Jfeos(a, x)}
{77 }—{I} g{ﬂ}n {U}i {(P}u {@}:[M]{(o}i

U BBI3BAHHBIX €H0 NEPEMEIICHUH, HAarpy30K Ha OINOpbI, YCWIMH M HalpsDKEHUHA B
CEUEHHX U JIeMEeHTax TpyOomposoaa [23].

4.8.6. Tpu pacyeTHble KOMIIOHEHTBI CIIEKTpa YCKOPEHHH & MOTYT OBITh HE
TONBKO  SIBHO  3aJaHBl  IOJb30BaTeneM (WM BBHIOpaHBl WM HW3  0a3sl
CEHCMOBO3ICHCTBUI), HO © ONPENEICHbl IO 3aJaHHOH TPEXKOMIIOHEHTHOM
aKceJeporpaMmMe 4YUCJICHHBIM HWHTCIPUPOBAHUCM I10 BpPEMCHU (C HUCIIOJIb30BAHUEM
0€3yCIIOBHO YCTOHYMBOM PA3HOCTHOW CXEMbI) YPaBHECHHHA KOJCOAaHUI JIMHEHHBIX
OCLUJUIATOPOB C MPEICTABUTENLHEIM Ha00OpOM cOOCTBEHHBIX yacToT ax (K = 1,2,...)
npu ypoBHe aemndupoBanus ¢ = cOnst (o yMoN4YaHWIO, B COOTBETCTBUH C
HOPMATUBHBIMH TIOJIOKEHHUAMH JUIsl TpyOonpoBoos, & = 0,02):

G (t)"' 25w\, (t)"' o, (t) =—(; (t)
Ch (a)k ) =max, {Ui (t)"‘ o (t)}
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of (t) - i-1 KoMmIOHeHTa aKceneporpaMMbL.

4.9. Jlunamuyeckuil pacueT TpyOOIPOBOJOB C JMHEHHO-YIIPYTUMHU CBA3SIMH
no “matGopMeHHON cxeMe” Ha CeMCMHUYECKUE BO3JICHCTBUS, 3aaHHBIC OTBETHBIMHU
akceneporpammamu {a(t)}123, Bemonnsercs B moayne ACTPA-CEHCM to nBym
QITOPUTMaM: CHEKTPAJIbHBIM METOZOM C Pa3lIOKEHHEM MO COOCTBEHHBIM (hopmam
KoJIeOaHMH WM METOJIOM IIPSIMOTO HWHTETPUPOBAHUS YPAaBHEHUH ABIKEHUS IO
HEesBHOU pa3HOCTHOM cxeMe Hrpromapka.

49.1. Ilpm pacuére CHEKTPAIbHBIM METOJOM C pAa3JIOKEHHEM IO
coOcTBeHHBIM (hopmMaM KomebaHWi 1O cxemaMm Jlioamens WM IEHTPAIBHBIX
pasHocTe#t (mo BBIOOpY momb3oBatens) [34] wuHTerpupyercs mo BpemeHun Kl
ypaBHEHHIA IBIDKCHUS B “HOPMaJIbHBIX KoopauHatax” Zi(t):

V)= 32,0k

Z,(t)+250,2,(t)+ 0 Z,(t)=

rIe: i=1,2,..., KI,

{a(t)}— Bekrop 3amamHBIX (B 00mmIeM ciydae — TpeX) KOMITOHEHT
aKceyneporpamm,

& — xoadduimeHnt nemndupoBaHUs B JONSAX OT KPUTHYECKOro (mpu

OTCYTCTBUH DKCIICPHUMEHTAIBHBIX JaHHBIX mpuuuMaercs & = 0,02 [1]). Hemmdepsr
(BsI3KO-YTIpyTHE ONOPHI) B pacyéTe HE YUUTHIBAIOTCSL.

4.9.2. Tlpu pacuére METOJOM TPSIMOrO HMHTETPUPOBAHUSI IO HESBHOM
pasHocTHON cxeme Hpromapka [85] pemaercs ypaBHEHHE ABH)XCHHS B MATPHIHON
(hopMe OTHOCHTENLHO JUHAMHYECKUX CTENEeHEl CBOOOIbI

o M+ (O + (K b= {F(0)

[M] — maTpuita Macc (WHEpIHH), THATOHATBHAS;

[C] — matpuna nemmnduposanus;

[K] — maTpuma sxécTroCTH;

{F(t)} — BekTOp AMHAMHYECKHX HATPY30K;

{1} = {u(t)} - uckomsIit BeKTOp YCKOPEHHIL;

{7} = {1e(t)} — ucxomslii BekTOp CKOpOCTEif;

{1} = {u{t)} — ucxoMplit BexTOp IEpEMEIIEHUIA.

B ciyuae yuera akceneporpammsl semierpscends a(t) mis miargpopMeHHOM
cxeMbl BO30OyxkmeHus Bekrtop {F(t)} comepxur >PDEKTHBHYIO HHEPIMOHHYIO
celicmuueckyto Harpysky -[M] {a(t)}.

Matpuia aeMo(UpoBaHusA CUCTEMBI IPONOPLMOHAILHA MAcce M IKECTKOCTH
cuctemsl (Moaenb Penes):
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[C] = a[M] + B[K]
rue:
0 — K03 GHIIEHT MPOMOPLHOHATFHOCTH MACCHL, C
B — k03¢ dHULMEHT MTPONOPLUUOHATIBHOCTH KECTKOCTH C.
B ciyyae Hamuuus cocpeOTOYEHHBIX JAEMI(EpoB B CHCTEME, MaTpHLa
JeMI(UPOBAHHUS JIOTIOIHIETCS MAaTPULIEH COCPEIOTOYCHHBIX AeMII(epoB

[C] = [C] + [Cnr{]

[C,] —  numaronampHass MaTpuiia JeMI(UPOBAHUS, COOTBETCTBYIOIIAS
COCPEIOTOYCHHBIM AEMII(EpaMm Mo JTUHAMHIECKAM CTEIICHSIM CBOOOIBI

VpaBHeHHE IBHKCHHS M MaTPHIA AEMII(PUPOBAHMS JOMHOKAIOTCS Ha MATPHILY
nogariusoctH [A] (o6parnyto marpure xéctkoctu [K]). Torma

[#) (a5 + [C](i) + [R]Maed = 1B}
[Z] = a[#] + 8[E] + [€.a],

rIe

[#] = [a1[M]; [€] = [41[c]; [K] = [41[K] = [E]; [Con] = [A][C,l;
{E(E)} = [ANF(E)],

[£'] — enunnunas MaTpuna.

Hmxe wm3noxen peaJ’II/BOBaHHHﬁ AJITOPUTM HESIBHOM pa3HOCTHOI>'I CXCMBI
HI)IOMapKa JJIA TIPAMOTO MOImaroBoro MHTCTpupoOBaHUsL ypaBHCHI/Iﬁ JBHXKCHUA.

HaganbsHBIe yCIOBHS B MOMEHT BpEMEHH &g
{Pou} {oa; {8}
Ha xaxxom mare t + At o Bpemenu Bbruucisiercst 3pPeKTuBHas Harpy3Ka
z+az§] = [e+2F] +
+I] (aof fu}+ap{ o} + aa{ h)+ [C](af 1 + o]t} + as{ 8]
[Nepemenienust Ha niare t + At mony4aroTcs U3 pelleHns] CUCTEMbl YPaBHEHUH

[E]{th-!tu} — [t+ﬂt§]’

rae «3¢hheKTUBHASD MaTPHIA )KECTKOCTH
[£] = [E] + aol#] + a4[€]
YckopeHHe U CKOpOCTh Ha mmare t + At BEIUHCIIAIOTCS Kak
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{100 = ap((#+4u) —{ “u))— i '1) = 1)

{t+ﬂ.tﬁ} = _[ tﬁ} + aﬁ{ tﬁ]_+ a?{t+ﬂtﬁ}
KoadpdurmmenTs! 89 — 87 BEIYUCISIOTCS 10 (GOpMyIIaM:

= ta =ttt ota, =t 1a =20 )
Taatt YT aae’ TR gl T 2 AT TS T 2 g ’

g

[Mapametpsr o u J cxembl Hplomapka, ompenensiomge TOYHOCTH U
YCTOHYHUBOCTH MHTETPUPOBAHUS MpUHUMAIOTCS 0 > 0,5, o > 0,25(0,5 + 5)2. 3HaueHus
rapameTpoB o M 0 At Oe3ycnoBHO ycroiuuBoi cxemsl 6 = 0,5, a = 0,25 (meton
MTOCTOSTHHOT'O CPEIAHEr0 YCKOPEHHS), TPH KOTOPBIX JJOCTUTAETCsl HAaMBBICIIAsl TOYHOCTD
MeToJa. At — Iar HHTErPUPOBAHUS 110 BPEMEHHU.

Cxopoctn {524} u yckopenns {*4%ii} B ceuenmsX, COOTBETCTBYIHOIIHX
JMHAMHYECKAM CTETIeHSIM CBOOOJbI CUCTEMBI M BBIYMCICHHBIE Ha KaXJIOM IIare Mo
BPEMEHHU, HCIOJIB3YIOTCSl Ul TIOJyYeHUS] KBa3HCTaTUYECKHX COCPENOTOYEHHBIX
Harpy3ok, paBrbix {F(t)} — ([M]{ FHatu) + [C]{t+244)),

Vckomble mepeMemieHus, YCHIMs, HANpsDKEHWs BO BCEX  CEUYCHHMAX
CYIEpIJIeMEHTHOH MOJEIN OT NEHCTBHS IMOJTYYCHHBIX KBA3HCTATHYECKHX HArpy3oK
OTIPENIEIIAIOTCS IO CYNIEPINIEMEHTHOMY JITOPUTMY METoa IepeMerieHnii (cM. 1. 4.13) ¢
METO/IaMH HavyaJIbHBIX MAPaMETPOB M IIPOTOHKH.

B pesynbrate pacuera (MHTErpUpOBaHUS 10 BPEMEHH) OMPEACISIOTCS
celicMHYecKUe TepeMellleHNs] U HaNpsHKCHUsSI B 33/IaHHBIX CEYCHUSIX, MaKCUMaJIbHbIC
3a BCe BpeMsI MHTErpUpoBaHUs. Takie ONpeaensioTcsi MaKkCHMallbHble Harpy3KH Ha
MIPY>KUHHBIE MOJBECKHA U MPOMEKYTOUHBIE OMOPHI , 00OPYIOBaHHE U CTPOMUTEIBHBIC
koHcTpykimu. [lo 3ampocy mosp3oBatenss MOTYT TaKKe BBLIABATHCS BpPEMEHHBIC
3aBUCHMOCTH HCKOMBIX TIapaMeTpoB (B TaOJMYHO-YMCIOBOM, TIpauiIecKux WU
AHMMAaNHOHHBIX (OpMax).

BennunHa mara naTerpupoBanus At BEIOHpaeTcs U3 YCIOBHS:

At = min{Tx/6, Aty/n}

rue: At, — mar nnpoBKH aKceIeporpamm,

Tk = 2@l — nepuon Kl-ii cobctBeHHON hopMBI (TIpH pacdyéTe METOIOM
pasioxeHus mo (QopMaMm) WM MHHAMAIBHBIH TEpUON KOJIEOaHWN WMCCIexyeMOoi
cHCTEMBI (TIpH pacyéTe METOIOM MPSIMOro HHTETPUPOBaHU 10 cxeme Hetomapka), c;

N =1 — mpu manom mare nupoBku (O6osree 6 ToOYEK Ha XapaKTESPHBIA MEPHOT

akceseporpamm), N =2 + 6 — npu “rpy06oit” nudposke.

4.10. Pacuer mnapaMeTpoB YCTaHOBHBIIMXCS BBIHY)KICHHBIX BHOpaImit
TPyOONIPOBOAOB C JIMHEHHO-YIPYIMMH CBA3SIMH IPH ACTEPMHUHHUPOBAHHOM CHIIOBOM
Harpy>keHHH, 3aJaHHOM JUIi MPOU3BONBHBIX CEYEHHH CTEpXKHEeBOH Monenu (c
00sI3aTETIbHBIM ~ PAacIOIOKEHHEM IIPUBEACHHOH MacChl B JTHX CCUCHHUAX) B
HOJIMTAPMOHUYECKOM BHJIE:
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J
{F(t)}= Z({F}Cj cos 0t +{F | sin th)
j=L
mpoBonutcst B wMonyne ACTPA-BHBP 1o OByM alrOpUTMaM: CHEKTPaTbHBIM
METOJIOM C pa3JIoKeHHEM MO0 COOCTBEHHBIM (hopMaM KOIeOaHWH WM TOJHBIM
METOJIOM.

410.1. Tlpm pacuére CHEKTPaJIbHBIM METOIOM C Pa3JIOKEHHEM 11O
coOCTBeHHBIM GopMaM KoliebaHui aMILINTy bl Bubponepementenuid {U}; urst kaxmoit
B030Y>K/Iat0IEN YacTOThI ¢ BO BCEX CEUEHHSAX PACIOIOKEHH MACC ONpeENI0TCs Mo
CIIEIYIOIIIM 3aBUCHMOCTSIM:

) =L+ )

K F (0 —62)-2F, Em,6,
U - cij i j 17717
Ul Z (02 —07F +4820767
<1 F (0? - 07)+2F, &m0,
T (0f -6%) +4£20207

{U }js = z =

sij

£ ol F) M,
. —lol LM
M, = o} M i},

Pacuernsle ammmTyzasl BuOponepemerieHnii {U}j Bo Bcex MM 3aJaHHBIX
CCYCHHAX CYIEPIICMEHTHOH MOJEINH ONpPEICIISIOTCS PEIICHUeM CTaTHYSCKOH 3a/1auu
OT JeHCTBHS TPHUIOKCHHBIX HHEPIIMOHHBIX HArpy3ok (B MecCTax pacIOiOKCHHsI
JMHAMIYeCKuX cTeneneit ceoboss) {F}; = 6[MI{U}; (cm. 1.4.6).

Hanee no 3nadeHusM Bubponepemenienuit {U}; onpenensioTcss aMIIUTy bl
cunoBblx QaxropoB {N}, a 3aTeM — aMIUIMTY[bl NPUBEACHHBIX BUOPOHAIPSKEHUH
{oar}i. Jemndeps (BsA3K0-ypyrue omnopbl) B pac4ére He yYUTHIBAIOTCA.

4.10.2. TIlpu pacyére TOJIHBIM METOIOM  pEIIACTCA  ypaBHCHHUE
YCTAHOBHUBIIMXCS KOJEOAaHHH B MaTpUYHOW (DOpME OTHOCHTENBHO JHHAMUYECKHX

CTEeIeHeH CBOOOIbI
[M]{ge) + [CHe + [K e = {F()}
rie:

[M] — marpuia Mace (MHEpIMH), IHATOHAIILHAS

[C] = a[M] + B[K] +[C,n] — maTpuna nemnduposanus;
[K] — MaTpuma sxécTKOCTH;

{F(t)} — BexTOp rapMOHHYECKHUX BO3ICHCTBUIA;

{1t} — ucKoMBI BEKTOp yCKOpeHHii;
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{1} — vcKoMBIi BEKTOP CKOPOCTEH;

{1t} — vckoMBIi BEKTOP MEPEMEIICHUI;

Bce Toukm MexaHMYeCKOW CHCTEMBI UMEIOT OJMHAKOBYIO YaCTOTY KOJeOaHUH,
OIHAKO, KojeOmroTcs He oO0s3aTensHO cuH(pa3zHO. JlemndupoBaHne BBI3BIBAET
(ha30BBIC CIBUTH.

BexTop Harpy3ok omnpezaensercs B KOMIUIEKCHOH (opMe Kak:

{F(O)} = {Frae2™}e™™
{F}=1{F, . (cosg + isin @) }et®t
{Fr=U{A}+H{F}e®"

re:

Frmax — MakcHUMasbHasE aMILTUTY1a HATPY3KH;

¢ — coBur a3 (pan);

® — Bo30y>KAaromasi Kpyropas 4actora (pazy/c);

t — Bpems Bo3zeiicTBuS, C;

| — MHHMas €JMHUIIA;

1F1 T = {Fpax COS (b} — melicTBUTENbHAS YAaCTh BEKTOPA HATPY30K;

1F5} = { Fpx 51 b} — MHUMAs 9acTh BEKTOpA HATPY30K.

BexTop nepemelieHuii {14} BEIpakaeTcs aHATOTHYHO BEKTOPY HArPy30K
{F} cnenyrommm obpazom:

(4 = {tgee™ e
rae:

Umax — MAaKCUMaJIbHAS aMILTUTYAa TICPEMCIICHAH, M;

3aMeTuM, 9TO Umgy U §* MOTYT OBITh PA3IMYHBI JJIS1 KAXKIOU CTEMEHH CBOOOIBI.
Hcnonb3yst 0003HaUeHHsI B KOMITJICKCHBIX YMCIIaX, PEIICHUE OMUCHIBACTCS B BHJIE

{1} = {typgelcOs P + 1 5in @) et

{1} = ({rg b+ {2} ™

501058

rze
121} = {ypge COS P} — nelicTBUTENBHAS YACTH BEKTOPA MEpEMENICHHA
{uz} = {u.max sin :P} — MHHUMas 4acTh BEKTOPA MEpEMELLIEHUI

HToroBoe MaTpuyHOE ypaBHEHHE MOXKET OBITh MPEJICTABICHO B (hopme

[Rl0) = {F)
rue
[£] = —e2[#] +ie[C] + [£]

[£] - enunnunas MaTpuna;

{8} = {1y )+ Huy)
{F)y={F)+i{F}

[Tonmy4eHHOE HMTOTOBOE MATPUYHOE YPABHEHHE PEIaeTCss OTHOCHTENbHO {LL
U3BECTHBIMH METOJaMH JIMHEHHOH aireOpbl b0 «B J100», MO0 IS pacuIupeHHON
JIECTBUTEIBHON MaTpPHULIbI.

Amnurynsl  BubGpockopocTeit 1%t} u Bubpoyckopenmit {ii} B ceuenmsx,
COOTBeTCTBy}OHlHX JUHAMUYECCKHUM CTCIICHAM CBO60[[])I CUCTEMBI U BBIYUCIICHHBIC IJIA
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KaxI0oH BO30OYXIAroLIed YacTOThl, HCHONB3YIOTCA JUIA IIONYy4YeHHS aMIUIUTY
KBa3UCTaTHYECKUX COCPENOTOUEHHBIX Harpys3ox, PaBHBIX
{F(e)} — ([M]{Ee) + [C](5)).

VckoMmble aMILIMTY/IbI BUOpONIEpeMEIleHHH, YCUITUI, BUOPOHANPSDKEHUIH BO
BCEX CEUEHHUSAX CYNEpdJIEeMEHTHOH MOJEeNd OT ACUCTBUS MONYYEHHBIX AMIUIUTY]
KBa3UCTAaTUUECKUX HArpy30K OIPENENSIOTCS MO CYHNEpIEMEHTHOMY allOpUTMY
MeToza nepemenieHui (cum. 1. 4.13) ¢ MeTo1aMi HadallbHBIX TApaMETPOB 1 IPOTOHKH.

W3noxeHHble METOOUKH pacuéTa IMO3BOJIAIOT y4YecTb U KHHEMAaTH4EeCKOe
BHOpaMOHHOE BO3/CHCTBUS Ha DSl CeYeHHH (Omop, MarpyOKOB M CTPOHMTENBHBIX
KOHCTPYKIIMH) TpyOONpOBO/Ia, 33JaHHbIE B BH/IE MOJIUTAPMOHNIECKUX IIEPEMEIICHNUI:

J
Ut)=> (U}, cosot+{U},sin6t)
j=1
s 2TOro B yKa3aHHBIX CEYEHMSIX pAaCUETHOW CTEPHKHEBOM MOAEIH
YCTaHABIHMBAIOTCSL (DMKTHBHBIE CBsI3U OOJBLION KeCTKOCTH K200 1mo HampapiIeHHsIM
KMHEMaTHYECKOTO BO3JICHCTBHA M 331aI0TCS 3KBUBAJICHTHBIC CHIJIOBBIE BO3JCHCTBHSA C

napaMeTpamu:
{F}o = k{U}q u {F}s = k{U}y

4.11. Junamuueckui pacuer HEyCTaHOBUBLIUXCSA KoneOaHui
TpyOOIIPOBOAHBIX CHCTEM C JIMHEHHO-YIIPYTMMH CBS3SMH TpU  IPOU3BOJIHHOM
nuHaMuyeckoM Harpyxkenun {F(t)}, Beimomusercs B moayne ACTPA-/JHH no nsym
QITOPUTMaM: CHEKTPAJbHBIM METOZOM C pa3lIoKeHHEM MO COOCTBEHHBIM (hopmam
KoJIeOaHWH WM METOJIOM IIPSIMOTO HWHTETPUPOBAHMS YPaBHEHWI IBIDKCHUS 110
HesABHOM pasHOCTHO# cxeme Hplomapka. Anroputm creayer cxeme ACTPA-CEHCM
C TOYHOCTBIO 10 3aMeHbl ceiicmuyeckod Harpysku [M]{a(t)} Ha cuoByro
muaamuaeckyto {F()}.

4.12. Pacuer nodsemuvlx mpybOnRPo60008 CEromHsI — NapagOKCAIbHbIH
cilydaii, Koraa IeHCTBYIOIINE POCCHICKAE HOPMBI OO0 “OeryT Bmepeau mapoBosa”,
TpeOys MX BBIINOJHEHHUS MO HE mpomucaHHoW mertomuke [4, 5, 6, 7, 8, 9, 10], aubo
BOOOIIIe HUKAaK HE PeriiaMeHTHPYIOT mogo0Hsie pacuersl [1, 2, 3, 11, 12]. Peanbubrii
TpPEeXMEpHBIN HENMHEHHBI MEXaHW3M B3aHMOJICHCTBHS TPYyOOIpPOBOJa C TPYHTOM
CTOJIb CJIOKEH, CHJIFHO 3aBHCHM, B YacCTHOCTH, OT HE BCErJa HM3BECTHOH HCTOpHH
Harpy>)xKeHHss M HE TIOJHOCTBIO MaTeMaTH4eckn (opMaian3oBaH (CyIIECTBYET
HECKOJIBKO KOHKYPHPYIOIINX MOJIENIEH TPYHTOB, ONIEPUPYIOIINX Pa3INIHbIM HAO0OpOM
HCXOJHBIX IapaMeTPOB COCTOSHHS W JAIOIINX, B ps/ie CIy4aeB, BECbMa OTIMYHBIE
JPYT OT Jpyra pe3yibTaThl), 4TO YJIOKHTh BCE MHOT00Opa3ne peaslbHBIX MPOIIECCOB B
“OPOKPYCTOBO JIOXKE” YIPOIICHHOW WH)XEHEPHOW METOIWKH — 3afada CTONb JKe
GmaroposHasi, CKOJIb ¥ He JO KOHI[A JOCTH)KUMAS.

B ACTPA-HOBA’2021 peamn3oBaHbl W JOCTYIIHBI IIOJIE30BATENsIM BE
METOIOUKH  cmamuyeckoeo  paciema (CTAL]) mom3eMHBIX  TpyOOIPOBOIOB
OeCKaHAIBHON TMPOKIATKH (TEMJIOCETH) W IMOA3EMHBIX W HAa3eMHBIX (B HACHITIH)
MarucTpabHbIX TPyOOIPOBOAOB:

1) ympormieHHass — KE€CTKOCTh ‘‘paclpesieNeHHBIX” OIop, MOJIEIUPYIOIINX
B3aUMOJICHICTBUE C TPYHTOM BO BCEX CEUEHMSX, OIpeleNsieTcss M0 3aJaHHbIM
nosib3oBaresieM Kod((uIMeHTaM IOCTeNM MO TPEM JIOKAJIbHBIM OCSIM TPYOBI:
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IIPOONIBHOI (X3'), FOPH3OHTANBHOI IONepeuHoii (X,') 1 BepTHKaNbHOI (X7);

2) yrouyHeHHas (pexkomendyemds) — Ha KaKIOM [Iare HTeparuit
SKBUBAJICHTHBIE ‘“‘pacIipe/ieIeHHbIE” ONOPBI, JKECTKOCTh KOTOPBIX HETMHEWHO 3aBUCUT
OT KOX(Q(HIMEHTOB MOCTENN W3OJSILMY, TOAYIIEK W TPYHTa, PacCMaTPHBAIOTCS Kak
YIPYTO-TIOJBIKHBIE C TPEeMsl JIMHEWHO-YNPYTHMMH CBSI3SIMH TI0 JIOKAJBHBIM OCSIM
TpYOBL: X3, Xi u X, WTepaumonHas mpoueypa 3aBepIIATCS NPU YCTAHOBICHHU
c1a00 MEHSIOMINXCS TIEPEMEICHHUIT 110 HAIIPaBJICHHIO CBSI3EH.

ITapaMeTpel SKBHUBaJEHTHOM CTEP)KHEBOM MOJENM HA  HEJIUHEHHOM
OCHOBAaHHMH M MTEPAIIIOHHOTO MpOIecca CTPOSATCS KaK Ha OCHOBE OTEUYECTBEHHOTO M
3apyOeXHOTO ONbITa aHanmnW3a MOJOOHBIX CHUCTEM, TaK W Ha HH)KEHEPHOH
HMHTEPIIPETaluN PE3YJIbTATOB TPEXMEPHOTO KOHEYHOIIEMEHTHOI'O MOJECITHUPOBAHUS
HAC cucrem “TpyOompoBOA-M3OIMAMA-KOMICHCUPYIOIINE TOAYIIKA-TPYHT B
JTMHEWHO-YIIPYTOf ¥ HETMHEHHOH mocTanoBKax 1o komiuiekcy CTAAHO [23, 46, 47]
(puc. 4.7). TlompobHOe ommcaHWE peKoMeHOyeMol YUCICHHOM METOAWKH,
peanuzoBanHo} B koMiuiekce ACTPA-HOBA 11st CTaTUYECKOTO pacdera MOI3eMHBIX
TpyOOIPOBOOB OecKaHABHOM MPOKIIaIKH, NpuBeneHo B [Ipunoxennu 3.

Jlas “Gnoka” ounamuueckux pacuemos (POPM, CEHCM, BHEP, JIHH) B
ACTPA-HOBA’2021 peann3zoBaHa BHOBb pa3pa0OTaHHas WH)KEHEpPHash METOJHMKa
yueTa/KOppeKIin JKECTKOCTH SKBUBAJICHTHBIX or1op, MOJIETTHPYIOIINX
B3aUMOJICHCTBUE C TPYHTOM M 33/IaHHBIX/ONPE/ICNEHHBIX B CMAmMuyeckoM pacdere.
Bo3mokHas KOppeKIus, YYWTBHIBAIOIIAS CYLIECTBEHHOE YBEIMUYCHHUE >KECTKOCTH
TpyHTa NP JUHAMHYECKUX BO3/CHCTBUSX, BBIIOJIHACTCS YMHOKEHHEM CTaTHYECKUX
KECTKOCTEH 10 JIOKAIBHBIM OCAM Ha 3aJaHHBIC ITOJH30BATEIEM MAacCIITaOHbIC
KO3 UITHEHTHI.

W3no>xeHHbIE BBIIIE BO3MOXKHOCTH CTAaTHYECKHX M JTUHAMHYECKHX PacyeTOB
JOCTYIHBI TaKXXe W JAJIsl MOA3EMHBIX U KOMOMHUPOBaHHBIX (HaA3€MHO-TI0/I3MHbIX)
TpybonpoBogoB  A3Y  (49C), mapa wu rTopsueit Bomel (TAC) w
Heprexumun/uedrenepepaborku (HEDTEXHM).

4.13. B akryanbHoii Bepcun ACTPA-HOBA wmemoo cynepsniemenmos
(MCD), u3BecTHBI TakXKe Kak METOJ IOJKOHCTPYKLHH, pealn30BaH TaKXkKe JUIs
MOCTPOEHHS PEIYLHUPOBAHHBIX MAaTpPUI] BIMSHUS CUCTEMBI WM YY€Ta 3THX MaTpHIIL
TIpU cyTepasnieMeHTHo# coopke. KimroueBoit npoueaypoit MCD siBisieTcst cTaTudecKast
KoHzAeHcalus [114] — uckinroyeHne BHYTPEHHUX CTETICHEeH CBOOOIBI MOAKOHCTPYKIUH

{Ui}, — MIPUBOAIIAS NCXOTHYIO OJIOUHYIO CHUCTEMY YPaBHEHUI PaBHOBECHS

Ki Ky || U F

Kbi Kbb ub - I:b

K peﬂyHHpOBaHHOﬁ CUCTEME OTHOCUTCIIBHO KOMIIOHCHT BCKTOpa TIpaHUYHBIX

[KJfu, } ={F
re: [K]:[Kbb]_[Kbi][KiiTl[Kib]’
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{F R HK I TR

PenyunpoBaHHbIE MaTpPHUIIBI [K] u {F} HMIOPTUPYIOTCA-IKCIOPTUPYIOTCS
Yyepe3 TEKCTOBbIE (aiiibl, (opMaT KOTOPHIX YYHUTHIBACT OJIOYHO-TUATOHAIBHYIO

CTPYKTYpPY [K], a Takke depe3 OmHapHble ¢aitnsl cTpyktypsl [IK CTAAHO n

ACTPA-HOBA.

4.14. Peann3oBaH TaKkKe QITOPUTM METOAA OUHAMUYECKO20 CUHME3d
nOOKOHcmpyKyuu. MeTonpl JAWHAMHUYECKOTO CHHTE3a IOJKOHCTPYKLHUH MOXKHO
KIaccu(UIIIPOBaTh MO CHoco0y BBIOOpa 0a3MCHBIX BEKTOpOB Meroxa Penes-Purma
JUIS TIOAKOHCTPYKIMH U TI0 croco0y MX CTHIKOBKH. Yalie BCero B KauecTBe Oasuca Ui
HNOAKOHCTPYKIMH HCIOJIB3YIOTCSL ee COOCTBEHHbIe (OpMBbI  KoJeOaHWil mnpu
OTpeNIeNICHHBIX TPaHWYHBIX ycmoBusx: [115-116] — mis 3aKpersieHHOW TPaHHMIBI,
[117] — nnma cBoGommo# rpanuikl, [118] — A YacTHYHO 3aKPEMICHHOW TPAHHIIBI
MOJKOHCTPYKIMH. M3 Tpex paccMOTpEeHHBIX BapHaHTOB MeToja Hauboiee
MIPEANIOYTHTENBHBIM, C BBIYUCIUTENEHON U peaIn3allMOHHON TOUEK 3PEHHUs, SBISETCS
MepBBIH, HUCMOJNB3YIOMMUH  (GOpMBI  KOJEOaHWH OCHOBHOH CHCTEMBI METOJa
nepememnieHuid. [Ipu 3TOM [UIS YHpPONIEHMS CTBHIKOBKM MOAKOHCTPYKIMH W JUIA
MIPAaBIIIBHOTO YYeTa WX JKECTKUX CMELICHUH 1 IepeMeIeHNi TPAaHUYHBIX TOYeK Oa3mc
n3 ¢opMm KoneOaHMH Ienecoo0pa3HO JOMOJHUTH HAOOPOM CTAaTHYECKHUX (YHKITHH
(OpMBI CyTIepIIEMEHTOB, KaXaast U3 KOTOPBIX MPEACTABISIET cOOOH BEKTOpP YHMPYyTHX
MEpEMEIICHNH y3JI0B MOJAKOHCTPYKIMH, BBI3BAHHBIX CAMHHUYHBIM CMEIICHHEM 10
HaIPaBJICHAIO COOTBETCTBYIOMICH (PHMKTHBHOM CBS3H IUISI OCHOBHOW CHCTEMBI METOIA
NepeMELLEHU .

Hawubonee momynsipeH peann3oBaHHBI B YHHBEPCAIBHBIX “KOMMEpPYECKHX
MK (NASTRAN, ANSYS, ADAMS,...) ynomsuyteiii noaxoj Kpeiira-bemnrona
[115], cBoasImiicss K HOCTPOCHHIO PEIYIIMPOBAHHBIX MATPHII )KECTKOCTH U MacC:

KI-folclel-| s 0 |

- [e paol-| e T |

0] (Dllc o]

CDIN

rae:

CI)lc — TIepeMelleHns BHYTPEeHHHUX cTereHei cBoboabl COD Ui 3amaHHBIX

CAMHNUYHBIX TIEPEMEILECHHH IPAHMYHBIX (CTHIKOBOUHBIX) y310B, P\ — nepemerenns

BHYTPEHHHUX CTeleHeld CBOOOJBI, COOTBETCTBYIOIIME COOCTBEHHBIM (opmam
KoJieOaHui IpH OTpaHUYEHUH CTEIICHEH CBOOOABI (3a/1e)Ike) TPAaHUYHBIX Y3JIOB.
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[IporpammHas peanu3aiysi MAaTPHYHBIX Orepanuii npu GOpMUPOBAHUM [K]

u [M] (1 pexynMpOBaHHBIX BEKTOPOB HArpy30K {lf }) B OCHOBHOM IIOCTPOEHA Ha

CTaHIOAPTHBIX MpoIeaypax, cogepxamrecs B Moxyisax [IK. He BcTpedaer kakux-nmu6o
TPYAHOCTEH, clemys KaHOHHYECKOW KOHEUHO(CYIep)3JIeMeHTHOW cOOpKe, W ydeT

[K], [M ] U {lf} B 00111} CynepaIeMeHTHOH MOJIeIH.
HIMIopT-3KCIIOpT MaTpHil OpraHU30BaH 4epe3 TEKCTOBbIe (aiibl, Gopmar

KOTOPBIX YYUTHIBAET OJOYHO-TUATOHAIBHYIO CTPYKTYpPY K| u 3aI0JIHEHHYO

CTPYKTYpPY [M ] B wactHocTH, mogaepkuBaetcs popmar [TIK NASTRAN.
Taxke QOpMUpYIOTCS, XpaHATCS H JOCTYIHBI OHHapHblE (ailibl ¢
MaTpHULIAMH [K], [M ] u {lﬁ }, CTpYKTypa KoTopbix cootBercTBYeT [IK CTAAHUO 1

ACTPA-HOBA.

4.15. “Hccnenosarenbckas” MOJCHCTEMa IPOTPAMMHOTO  KOMILIEKCA
MIPOYHOCTHBIX pacyeToB TpyoonpoBoaHbix cucteM — ACTPA-CTA/JHO — nonHOCTHIO
coBmectumass ¢ ACTPA-HOBA’2021 (9kcnopT TeOMETPHUYECKHX XapaKTEePUCTHK,
(U3UKO-MEXaHMYECKUX CBOMCTB M HArpy30K 3HAYMMBIX 3TallOB CTATHYECKOTO W
CEICMMYECKOT0  pacyeToB, HWMIIOPT YTOYHEHHBIX HANpPSHKEHUH W MaTpHIl
KECTKOCTH/TIOJJATIINBOCTH, 00ECIIeYNBAET YTOUHEHHBIH pacyeT MO IPOCTPaHCTBEHHO-
000JI0YeUHBIM W OOBEMHBIM CXeMaM METOoJla KOHEUYHBIX djJeMeHToB (MKD)
CTaIlMOHAPHBIX TEMIIEPATYPHBIX IMOJIEH, HAMPSKEHHO-IC(POPMUPOBAHHOTO COCTOSHHS
(HAC), craTmuecko, MUKINIECKON M CEHCMIUECKON MTPOYHOCTH CIEAYIOMINX TSIKEI0
HArpy>KeHHBIX JJIEMEHTOB TPYOONPOBOJOB TPH JEWCTBUM TIOJHOH CHUCTEMBI
KBa3UCTaTHYECKUX HAarpy3ok (BHYTpEHHEE JaBlieHHE, BEC M TEMIIEpaTypHbIE
nedopmanum, oceBasi U MONEPEUHBIC CHIIBI, U3rHOAIONIME U KPYTSIMH MOMEHTHI Ha
rpaHULIAX-TOPLIAX):

1) mpoiinuxoe OPTOTOHANBHBIX M HEOPTOTOHANBHBIX (KOCBIX) PaJHaIbHBIX
(cBapHBIX, IITaMIIOCBAPHBIX, INTAMIIOBAaHHBIX M KOBaHBIX, C HakJIaJKkaMH H
TUIAKUPYIOLHM CIIOEM);

2) omgodoe (THOOB, KOJICH) THYTHIX, KPYTOM3OTHYTHIX, IUITAMIIOBAHHBIX H
CEKTOPHBIX C YYETOM OJJUIMITHYHOCTH, PAa3HOCTCHHOCTH (IIEPEMEHHOHN TONIIMHBI
CEUCHHS) U IPUMBIKAIOMINX MIPSIMBIX TPYO;

3) KOHHYECKUX nepexo008 KOHIECHTPUIECKUX U C SKCIIEHTPUCHTETOM;

4) nMH30BBIX M CHIb(QOHHBIX KOMHEHCAMOPOG OCEBBIX, YIIOBBIX H
CZIBUTOBBIX (MHOTOBOJIHOBBIX C Y4ETOM MPHUMBIKAOIINX HPSIMBIX TPYO);

5) KOCBIX CMbIKO08;

6) CBapHBIX ULB08;

7) noozemuvix mpy6onpoeodos (TpyOd, OTBOAOB M KOCBIX CTBIKOB C
U30JSIIMEH/KOMITIEHCUPYIOIMMU MTOIyIIIKAMH B TPYHTE).

[Moncucrema akKyMynupyeT MHPOBOW M COOCTBEHHBI MHOTOJIETHHH ONBIT
paspaborunkoB [1-12] mo aHamu3y CIOXHOTO HPOCTPAHCTBEHHOTO pacIpeaeieHus
nepemMenieHuii, qeopmanuii 1 HarpsHKEHUH B JETalsiX, ONPEIeNSIONX MPOYHOCTh
BCeil TpyOONPOBOIHOM CHCTEMBI, B 00OPYAOBaHUH, CTPOUTEIBHBIX KOHCTPYKIMAX H
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COOPYKEHUSIX.

ITogcucrema obnagaeT JUAIOTOBBIM Ipe- U MOCTIPOLECCOPOM, MOXKET OBITH
CBsi3aHa C 0a30il JAaHHBIX THUIOBBIX JJIEMEHTOB, TPeOyeT IHIIb HEOOXOIMMOIO
MHHUMyMa WHQOpMalMu Uil aBTOMAaTHUECKOH TIeHepalyu ONTHMAIBHBIX MO
TOYHOCTH HPOCTPAHCTBEHHO-O0ONOYEYHBIX (11 TOHKO- M “‘CpeIHECTeHHBIX
9JIEMEHTOB) U OOBEMHBIX ([UISi TOJICTOCTEHHBIX JAETalle M CHCTEMBI ‘‘TpyOOIpOBOJ-
M3OJSIMA-TPYHT) PACUETHBIX KOHEYHOAIEMEHTHBIX Mojenel. BrluucauTensHbIM
“ampoM”  CIY>KMUT MOIIHBIH  BEpUPHUUIUPOBAHHBIH  KOHEYHO/CYTIEPIJIEMEHTHBIN
komiieke CTAJHO [74], umeronuii 60raThlii MOCITYKHON CHHCOK HCCIIEI0BAHHBIX
CJIOKHBIX OOBEKTOB aTOMHOM, TEIUIOBOM M TMIAPOIHEPTETHKH, PA3IHUYHBIX OTpaciel
CTPOHUTENHCTBA M MAIIMHOCTPOCHUSI.

OCHOBHBIE peaNN30BaHHBIE TUIOTE3bl: M30TPONHUS M JIMHEHHAs YIPYToCTbh
Metauta  (usndeckas JTUHEWHOCT) M MaJlocTh  AedopMaruii-iepeMeneHui
(reomerpuyeckas JMHEHHOCTD). s rpyHTa (HOA3eMHBIE TPyOONPOBOABI) MPHUHSITA
¢u3nuecky  HENHMHEHHas  peoyloruueckas  MOZAEIb  JHEPreTHYecKoro  THIla,
3apeKOMEH/IOBaBIIas ce0sl MPH YHCIEHHOM MOJIEIMPOBAHUM TPEXMEPHBIX CHCTEM
“ocHoBaHue-coopyxenue” [10].

[MompoOHOe omucaHWe ajaropuTmMa pacuera M ceanca pabotel ¢ ACTPA-
CTAJHO conepxutcs B OTACIBHOM AOKyMeHTe [75].
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Tpexmepras mooens

Obonoueynas mooenn

Puc. 4.3 ACTPA-CTA/JHO. KoHeqHOATEMEHTHBIE MOZEIN OPTOTOHATBHBIX

paguajgbHBIX TpOf/'IHI/IKOBI)IX COCOAVHCHUH.

a) CBapHOH ¢ 3a4MILEHHBIM LIIBOM; 0) CBAPHO

W C HaKJIaJIKOIi;

nc THHyTOﬁ TOPJIOBUHOM.

B) mTaMIIOBaHHbI
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Puc. 4.4 ACTPA-CTA/THO. lebopmupoBanHoe (a) U HanpspDKeHHOE (0) COCTOSHUS
[PH 33JaHHBIX COYETAHUSIX HArPy30K, pacueTHas 'pyIia HanpspKeHui (B, 9tan 3,
rpynna (6.)k, (ammwiuatyael) o ACTPA-AIC) TpOAHUKOBOTO COCANHEHHUS
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JIun3086011l U CUTLPOHHBIN KOMNEHCAMOP
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Puc. 4.56 ACTPA-CTAINO. KoHeuHO3I€eMEHTHBIE 000104€YHbIC MOICIH,
pacueTHbIC HAMPSHKEHUS U OIIEHKU MPOYHOCTH JETaleii TpyOOonpoBoI0B
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t=1,05¢ (mar 22)

-
[BxBuBasenntoe Hanparenue (Tpecka) Saxs

[Hazpyxanwue gaxnops us ACTPA-CERCH Ella
[BosgeicnBue N2 (yzoa M1). Axcesepozpamna 171.60
Nabsexue (C-C) (0 Mla) 15754 =
Tennepanypa (C-C) (0 zpag) -
OceBre cum no mopuy unguepa (C-C) (1.057 xB 143 .48
Oceéne cum no mopyy mazucmpasu (C-C) (2.659

HzzuSawgui MOMEHM B MAZUCMDAAU B NAOCKOCHU ] 129.42
HazuSawgui MOMEHR 8 UNYYEPe B NAOCKOCRU RpOW as a6

Monewn & wnguepe us naookoomu mpoiuxa (A=C)

xomen B A uz ng
Kpymawui momexm & wmyuepe (A-A) (71 033 xHxn)
Kpymawui moweMm 8 mazucmpamu (A-A) (-1.359 xHx

30.99

&
o
S

2.87

-

t =1,50c (mar 31)

[Pxeutasenmuoe (Tpecka) Sax8
Haz puxawsue $axmops us ACTPA-CERCH
[BosgeucnBue N2 (yzoa M1). Axcesepozpamma. Touxa N31 (1.5 cex)
Haérexue (C-C) (0 Mlla)
Temnepanypa (C-C) (0 zpag)
Oceéne cum no mopuy wmyyepa (C-C) (15.257 xH)
Oceése cum no mopuyy mazucmpasu (C-C) (13.044 xH)
HzzuBawwui momern 8 Mazucmpasu B nAOCKOCMU mpouduka (C-C) (19.
HzzuSanwui MoMerm B umyyepe B niockocmu mpoumuxa (C-A) (73,42
Momerm & wayuepe us nAocKOCRU mpoumu(a (A-C) (-31.559 xHxn)
i momern 6 (A-C) ¢
Kpgnami nomorm B wnyuepe (A-A) (-69.45 when)
Kpynawuu »omemm 8 mazucmpasu (A-A) (5.2055 xH=n)

Puc. 4.6 ACTPA-CTAANO. Kanpsr Buneoposnnka quaamMukud HJIC TpoitHrKa oT
CEHCMHUYECKOI0 BO3JICHCTBUS, 3a/IaHHOTO aKCEJIEPOrpaMMOn
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5. “CemeiicTB0” mporpaMMusbIx kommiaexcoB ACTPA-HOBA
5.1. O6mue nonoxenusi. TpedoBanus Kk cucreMe u 000py10BAHHIO

5.1.1. “ba3oBas” Bepcus JI0OOH OTpacieBOil BETBU-KOMILUIEKCA CEMEWCTBa
ACTPA-HOBA’2021 HecKONBbKO AECATWIETHH yCTOWYHBO COCTOWUT U3 7 MOJIYJIEH:
ACTPA-CTAI], ACTPA-®@OPM ACTPA-CEHCM, ACTPA-BHEP, ACTPA-/THH,
IIPE-ACTPA un IIOCT-ACTPA. K »t0ii “BenmkosenHoi cemepke” yxe 10 jer
MIPUMBIKaeT U pa3BuBaercs «mpodpu-monyns» ACTPA-CTAJHO nns yTOYHEHHOTO
pacuera MKDO Ttemneparypubix moneid u HIAC (o o6omo4edHBIM M TpEeXMEpHBIX
CXeMaM METO/la KOHEUHBIX 3JIEMEHTOB), OLEHKU IIPOYHOCTH JeTaneil TpyOOoIpoBOIOB.
A BOT caMbIif «IpOCTOi», HO JaBHO BocTpeOoBaHHBINA MOnyins ACTPA-IETAIb 1,
Ha caMOM Jeje, CIOXHBIH, monroxaaHHeiii Moxyinb ACTPA-CB/] pazpaboTaHsl U
BOILIUTH B YHCJIO TIOCTABJISIEMBIX TOJBKO ¢ Hactosuei Bepcun ACTPA-HOBA’2021.

Iporpammel Hanucanbl Ha s3bikax Intel Visual Fortran 15 (BeraucnurtenbHbie
moaynmu) u Visual C++ ¢ wucmonb3oBaHueM TpexmepHoit rpapukun  OpenGL
(Bu3yayu3anusi pacyeTHBIX MOJEJIed M pe3yslbTaToB W JUajioroBas CHCTEMa
noaroToBku pacyetnor moaenu IIPE-ACTPA, IIOCT-ACTPA).

[TporpamMmbl KOMIUIEKCA COBMECTHMBI MO HCXOJHBIM JIaHHBIM B 3aJaHUH
(U3UKO-MEXaHMYECKUX CBOWCTB, pPACUYETHBIX IIApaMETPOB M TI'COMETPHYECKUX
XapaKTepUCTHK cUCTeMbl TpyOompoBomoB. CelicMuueckue, BHOpalMOHHBIE W
JVUHAMHYECKAE BO3ACHCTBUS 3aJar0TCsl HE3aBHCHMO Jpyr OT Jpyra H MOTYT
MIPUCYTCTBOBATh BO BBOJE OJHOBPEMEHHO. JTO BO3MOXKHO Oyarogapsi TOMy, 4TO
KaX/ast IporpaMMa BBIOMpAeT U3 BXOAHOTO MTOTOKA TOJIBKO HEOOXOJUMYIO /ISl CBOEH
pa0oThI HH(GOPMAIIHIO.

5.1.2. Kommiekc Moxer ¢yHkiuoHupoats Ha |IBM-coBmectumbix [19BM
o1 yripaBiicHieM 64-x paspsiHoii oneparronHoit cucremsr Windows (Windows 7, 8,
10)

5.1.3. TpeboBaHusI K 000PYIOBAHUIO:

—CPU 21T

— RAM 8 I'Gaiir,

— HDD 1 To6aiir,

— VideoCard: e menee 21° LIBETOB; BUIEONAMAThL — 256 MGaiiT.

— Pasvemwur USB s monxmrouenus kiarouya HASP HL.

— Ilpomoxon TCP/IP ¢ otkpeiTeiM mopToM 1947 mnsa paboter ITK ACTPA-
HOBA c xmouom tuna HASP HL.

— @aiinosas cuctema — NTFS.

5.1.4. B pa3genax 5.3 — 5.11 kpaTko ONWCHIBAIOTCS HAa3HAYCHHE MPOTPaMM
KOMIUIEKCa, Pe3ysIbTaThl UX paboThl, crienu(pHUIecKre OrpaHuueHus, B paspene 5.12
MIPEACTaBICHbl JUArHOCTUYECKHE COOOINEHMS M COOOIICHUs, BCTPEYarOIIHECs BO
BPEMsI BBIIOJTHEHUSI IPOTPAMM.
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5.2. KosimyecTBeHHbIC OTPAHUYECHHS PACYETHOI MoaeIn

Bce nporpammel cemeiictBa ACTPA-HOBA’2021 naxia/ibIBaloT CileayIoIue
€/IMHbIC KOJMYECTBEHHbIE OTPAHUUCHUS] HA PACcYETHYIO MOJENb B IIEJIOM W KaXIbIA
CYIepaJIEMEHT, MO3BOJISIOIINE CBOOOIHO aHAIM3HPOBATh TPYOOIPOBOJHBIE CHCTEMBI

499

“npenenbHO” CI0KHOCTH (B CKOOKaxX IpPUBEIEHBI COOTBETCTBYIOIIWE JAHHBIE JUIS
Bepcuu ACTPA-HOBA’2001):

XapakTepucTHKH JAuana3on uamMeHeHus1

V3110B CTHIKOBKH CYIIEPIJIEMEHTOB 0—4000 (1 -500)

Hepa?)BeTBJ'[eHHBIX CYTIEPIJIEMEHTOB-Y4aCTKOB 1-4 OOO (1 _1 OOO)
TpyOompoBosa (2 y311a CTHIKOBKH)

[IpOoU3BOJIBHBIX CYNEPAIEMEHTOB

0-4000 (-)
(TpyOOIIPOBOIBI, IeTa)IN, 000PYIOBAHUE, OTIOPHI)
[D1eMeHTOB TpyOOonpoBoa (OTPE3KOB) 1 -1 600 000 (2 — 40 000)
JIMHAMHYECKHX CTeneHed CBOOObI 160000 (1 -6 000)
(Co6GCTBeHHBIX YacTOT M (HOpM KosiebaHuii 1-4000 (1-400)
[1laroB HHTETPUPOBAHUS IO BPEMEHHU 1-60 000 (1-3000)
JJIeMEHTOB-OTPE3KOB y4acTKa 1-400 (2 —40)
[py>xuH, OTIOp, apMATYpBI, (DITAHIEB,. .. [UT yY4acTKa 0—400 (0—10)

5.3. lIporpammustii moxyab ACTPA-/IETA/Ib

Monyns ACTPA-JIETAJIb peanu3yeT pacdeT 10 BBIOOPY OCHOBHBIX
pa3MepoB JeTalell B COOTBETCTBHU C TPEOOBAHUSAMH OTpacieBbix poccuiickux Hopm,
PTM u P [1-12]. PeanuszoBan pacuér neraneil TpyOONPOBOMOB — npsamMblX mpyo,
0me0008 (2ub08), nepexo008, MPOUHUKOG U KPblULeK/OHUWY — Ha TCUCTBUC TABIICHUSL.

[MpexycmotpeHno 2 Buna pacyera:

e BBHIOOD MHMHUMAJIBHOW pPACYCTHOWM M HOMHHAIBHOM (C ydeToM mpHUOaBOK)
TOJIIIMHBI CTCHKH JCTaNCH;
e  BBIOOp JeTaNeH, MOAXOISAIINX MO TOIIIUHE CTCHKH, U3 COPTAMCHTOB.

PesynpraTamu pacdera (B 3aBUCIMOCTH OT BH/Ia) SIBIISIOTCS:

e MHHWMAaJIbHas TOJIIMHA CTEHKHA KaKIOH JeTalnu W, JUIsl TPOWHUKOB, IUIOMIAIN
CEUCHUS YKPEIUIIOIINX IIEMEHTOB;

e TIepeueHb BHIOPAHHBIX JETajel ¢ yKa3aHWEM X COpPTaMEHTa M TeOMETPHUYECKHX
apaMeTpoB.
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5.4. Ilporpammusblii Moayab ACTPA-CTAL]

Monyns ACTPA-CTAIL] peanu3yeT pacyeT Ha CTATHYECKYIO M IUKINYECKYIO
NPOYHOCTh IPOM3BOJILHBIX IMPOCTPAHCTBEHHBIX PAa3BETBICHHBIX HHU3KO- CpEIHE- H
BBICOKOTEMIIEPATypHBIX TPYOOIPOBOJOB (3aMKHYTHIX MM HMEIOMINX 3aMKHYTHIE
KOHTYpHBI, CBOOOJHBIC, IMIAPHUPHO ONEPThle M 3allleMJICHHBIE KOHIBI, COJEepIKaIlInX
MpsiMble  TPYOBI, OTBOABI, TPOWHUKOBHIE W (DIIAaHIIEBBIE COEAWHEHHUS OTPACIEBBIX
COPTaMEHTOB, JINH30BbIE, CHIb()OHHBIC M CAJTHHUKOBBIE KOMIIEHCATOPHI, MPY>KUHHBIE
MIOJJBECKH W OTIOPHBIE KOHCTPYKIMH PAa3INYHBIX THUIIOB, B TOM YHCIIE, OHOCTOPOHHUE
U C YY4EeTOM TpPEHHS CKOJIBKEHHS M KauyeHHs) B COOTBETCTBHH C TPeOOBaHMSIMH
otpacieBsix poccuiickux Hopm, PTM u P1I [1-12].

Moser OBITH IpoBeAeHO 6 BHIOB pacyera (B TOM YHCIE, C yYETOM CHII
TPEHUS] B OMOPHBIX KOHCTPYKIHMSX 1o aAByM Meroaukam [80], [83]) Ha HopMaruBHO
perinaMeHTHpyeMble COYETaHUs KBa3UCTATUIECKIX M MAJIOLMKIMYECKUX BO3/ICHCTBUIA:
JIaBJICHUS], paclpe/Ie]IeHHO BECOBOH U COCPEIOTOYEHHBIX HArpy30K, TEMIIEPaTypPHOTO
HarpeBa TpyOONPOBOJOB, CMEIICHHUII €ro 3ameMICHHBIX KOHIIOB U MPOMEXYTOYHBIX
OIIOp, MOHT@)XXKHOTO pacTsra. Bo3Mo>XHO 3aaHnue OJHOCTOPOHHHX CBsi3el (omops! Oe3
XOMYTOB M JXECTKHE TSITH) M OIIOPHBIX KOHCTPYKLHMH C JKECTKOCTSAMH B JIOKAJIHHOM
crcTeMe KoopAuHaT. Bo3MokeH yueT OOKOBBIX )KECTKOCTEH B MPYKUHHBIX M KECTKUX
MOJIBECKAX, OCEBBIX CHJI OT JABJIEHHSA, B TOM YHCJIE B KOMIICHCATOpax, OCEBBIX
nedopmanuii ot naBieHs, MaHOMETpHdIecKoro 3 dexra B OTBOAAX.

CopTaMeHTBI IPYKHH OTPENEISIIOTCS!

— oTpacieBoii Hopmansio MBH-049-63,

— otpacneBbiMu ctangaptamu OCT 108.764.01-80, OCT 24.125.109-01,

—ueprexamu (or BHATIMAT) nns “criennanbHbIX MPYKUH,

— Karanoramu Juis npyxuH “nioctosiHaoro ycunus” LISEGA,

— Karanoramu npyxuHHbIX nojasecok LISEGA.

CopTaMeHTBI IPYKUHHBIX OJIOKOB MPYKUHHBIX OIOP OMPEAEISIOTCS:

— otpacneBbivu ctangaptamu OCT 108.275.69-80, OCT 24.125.166-01.

CooTBeTCTBHE HOMEPOB PACYETOB MpeaplaynMx Bepcuil komruiexca ACTPA-
HOBA v nazBanusimu pacuetoB Bepcun ACTPA-HOBA'2021 npuBeneHo B Tabiuie.

ACTPA-HOBA'2011 ACTPA-HOBA'2021
Yuér
HCTIBITAHU N
Pac
. Bun (HanmeHoBaHue) pacuera u
q€T Haspanwme pacuera
Ne Bepcuu 2011 JIOIIOJIHUTE
- JIBHBIX
PeXXHUMOB
o Pacuer ¢ omnpenenenuem
INonHelit ¢ BBHIOOPOM NPYKUHHBIX
1 pabouux  Harpy3ok u HET
noziBecok (aransl 1-4) " .
KECTKOCTEH NMPYKUH
2 Ionnbrit c 3agaHueM | Pacuer ¢ 3amaHHBIMU et
XapaKTePUCTUK MPYKUHHBIX | JKECTKOCTSIMU M pabOYMMHU
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no/iBecok (9ramsil-4) Harpy3KaMu IPYKHUH
[onnbrit “KOMOMHHUPOBAHHBII” Pacuer ¢ _onpenencnen
8 (>ran 1 pacuera 1 + pacuer 2) TOJIKO pabouyux Harpy3ox HET
P P IIPYKHUH
Pacuer 1 + ”momomHuTenbHBIE” Pacuer ¢ onpenenchnem
10 . pabounx  Harpy3ok W na
aTansl 3 + 3Tal UCIbITaHUN N o
KECTKOCTEH NMPYKHUH
Pacuer ¢  3amaHHBIMH
Pacuer 2 + ”zponosnHuTenbHbIE” R A
11 B I —— KECTKOCTAMHU U pabOuIUMU na
Harpy3KaMu IpYXHUH
ITomnsbrit “KOMOUHHMPOBAHHBIH S —
(otanm 1 pacuera 1 + pacuer 2) + pelt
12 |, ’s TOJBKO pabodmMX HArpy30K na
JIOTIOJTHUTENbHBIE” 3Tanbl 3 + 3Tan HOVSKHE
HCIBITAaHUN Py

PesynpraTamu pacuera (B 3aBHCHUMOCTH OT BHJA) SBISIOTCA: Harpy3Kd Ha
IIPOMEXYTOUHBIE U KOHLIEBBIE OIOPHI, TIEPEMEILCHNS, BHYTPEHHUE CHIIOBBIE (DaKTOPHI
(B oOLIEH W/WIT MECTHOW CHCTeMaX KOOPIHMHAT), pacueTHbBIC TPYMIbI HANPSHKCHUH B
CEUCHUSX-DJIEMEHTaX CYIEpJIEMEHTOB (B TOM 4YHCJIE OTBOJAX, 'MOax M KOJEeHaX,
“HEHOPMaJIN30BAHHBIX” JIMH30BBIX W CHJIb(OHHBIX KOMIIEHCATOPAax) M TPOHHHKAX.
st kpyTousoraytoro ruba (mpu Ge3pasMepHOM reoMerpudeckoM mapamerpe A<l,4)
MIPA TIPEBBIIICHNM pACYETHOTO HANpPSDKEHUS HaJl JOIMYCKAaeMBbIM  BBIMTOJIHSIETCS
YTOYHEHHBIN pacueT HampspkeHus (Tpynnsl 3 u 4). B ciydae mnpeBwinieHus
JIOITyCKA€MbIX HANpsDKEHHH B TPOWHHUKAX JOIMOJHHUTEIHHO IPOBOAMTCS pPAcdeT IO
yTouHeHHOU MeToauke (Tosbko Mt ACTPA-A3C o 2, 3, 4 rpynnam HanpsHKeHHH).
[Ipr  COOTBETCTBYIOIIMX pEXKUMax pacueTa IPOU3BOJIUTCA TaKXkKe I0A00p
ONTUMANIBHBIX TPYXHHHBIX IOJBECOK U NPYXUHHBIX OMNOp C OMNpeAeTIeHHEM HX
XapaKTEepUCTHK (CTPyKTypa Uemnei, 3aTsKKH, OCaJKd, BUAWMBIE U  IIOJHBIE
MepeMeNIeHNs, MU3MCHEHHsI Harpy3oK IpH TIepexojie M3 XOJOJHOro B pabouee
COCTOSIHHE, BBICOTHI NPYXHH B XOJOJHOM W pPaboOdeM COCTOSIHUSIX, 3aTSDKKH B
MOHTaKHOM COCTOSIHHH).

Oman 1. Pacuem Ha cmamuueckyro HpPOYHOCMb NO0  Oelicmeuem
HeCamoypagHOBeuleHHbIX HASPY30K (0asieHus u 6eca 6 pabodem COCMOSHUU).
OmnpenenstoTcs: NepeMeIieHns, IPUBEJCHHBIE U TOITyCKaeMble HanpsbkeHus (rpymma 1
— OT JAEHCTBHA [ABJICHUS W Tpymma 2 — OT BCeX HArpPy30K), pabodne HarpysKd
MIPY’KUHHBIX TIOABECOK (U1 PacdyeToB C MOAOOPOM XapaKTEPUCTUK MPYKUH WIH
OIIPEJICTICHUEM TOJIBKO MX Pabo4MX Harpy3oK), Harpy3Kd Ha ONOPHbIE KOHCTPYKIUH,
000py/I0OBaHUE M Y37bI, YCIIOBHOE JaBJICHHE BO ()IaHIEBBIX COEIMHEHUSIX, CHIOBBIE
(hakTOpBI B CCUCHHUSX.

Oman 3. Pacuem na yukauueckyio npouHoCmb. YUUTBIBAETCS BHYTpPCHHEE
JIaBJICHUE, TEMIICPATYPHOE paCIIUpEeHue, “‘COOCTBCHHBIC CMEIICHUS POMEKYTOYHBIX
OIIOp W 3alIeMJICHHBIX KOHILIOB NP IEpeXojie M3 Pabdodero COCTOSHHS B XOJOZHOE.
Omnpenenstores IepeMeneHus], IpUBEICHHbIE U A0ITyCKaeMble HapspKeHus (TpyImsl 3
n 4 Uil HU3KOTEMIepaTypHbIX U rpymrna 4 Jius  BBICOKOTEMIIEPATYPHBIX
TpyOOIPOBOZOB), YCIOBHOE [aBJIEHHE BO (IAHIECBBHIX COCNUHEHHSAX, THIBI H
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XapaKTEePUCTUKU MPYKHUHHBIX MOABECOK, MX 3aTsKKa U OCaJKa, CHIIOBbIE (DaKTOPHI B
CEUeHMIX TPyOOIpoBoIa.

Oman 26. Pacuem Huskomemnepamyphvix mpyoonposooos Ha Oelcmeue 6cex
Haepy3ok. YUUTHIBAIOTCS BHYTpPEHHEE JaBJIEHHE, BECOBas Harpys3ka, TeMIIepaTypHOe
pacuupenue (CaMOKOMITEHCAIUs), “COOCTBEHHBIC” CMEIIEHHUS MPOMEKYTOUYHBIX OIOP
W 3alleMJICHHBIX KOHIIOB, MOHT@XHas pacTsDkka B  pado4eM COCTOSIHUH.
Omnpenenstorcss MEepeMEIeHNs] B pacdeTHBIX CEYEHUSX, YCIOBHOE JaBJICHHE BO
(1aHIEBBIX COEJMHEHUSX, CHJIOBBIE (DAKTOPBI B CEUEHUSX, Harpy3KH Ha ONOpPHBIC
KOHCTPYKIIMH, 000pYyI0OBaHUE U y3IJIbI B pabodeM cOCTOSTHUHM. ONpenensioTcst TaKkxKe
Harpy3kd Ha OIIOpHBIE KOHCTPYKIMH M OOOpYyIOBaHHE B XOJIOJHOM COCTOSIHUH, 32
WCKJIIOYEHUEM CIIydasl yueTa TPEeHHs 10 MeToanke [ umpokaydyka.

Oman  2a. Pacuem  @vicokomemnepamypHvlx — mpyOOnpoe00o8  Ha
CMamu4ecKylo  NpouYHOCMb — NOO  Oelcmeuem  HeCamMOypasHOBEUIEHHbIX U
CAMOYPABHOBEUIEHHbIX HAZPY30K. YUNTHIBAIOTCS BHYTPEHHEE MaBJICHHUE, BECOBAs
Harpy3ka, TeMIIEpaTypHOe paclIMpeHHe (CaMOKOMIICHCAIHs), ‘‘COOCTBEHHBIE”
CMEIEHNs] 3aIlleMJICHHBIX KOHIIOB, MOHTaXHas pacTsDKKa B paboueM COCTOSHMU.
Omnpenenstorcs: NepeMelieH s B paCUeTHBIX CEYEHHSX, IPUBE/ICHHbBIC U JOMyCKaeMbIe
HaNpsDKEHHsT TPYNIIBI 3, YCIOBHOE JaBiieHHE BO (MIaHIEBHIX COSITUHEHHSX, CHUIIOBBHIC
(axkTOpBI B CEUEHMSIX, HATPY3KH HA ONOPHBIE KOHCTPYKIMH, 000PYyZOBaHUE U y3IIbI B
paboveM COCTOSHUH.

Oman 4. Pacyem naepy3ox 6 Hepabouem cocmosHuu. YUUTHIBAIOTCS TE e
BO3/ICHCTBUS, YTO M Ha OJTame 2 I XOJNOJHOro (Hepabouyero) COCTOSHHS
TpyOompoBoga. OTpenensioTcs NEepeMENICHUs] B PACUETHBIX CEYCHHSAX, CHIIOBBIC
(haKTOPBI B CEUECHHSX, HATPY3KH Ha OTMIOPHBIE KOHCTPYKIUH, 000Dy IOBAaHHE H y3IIBI.

Peoxxcum  eudpo(nueemo)ucnvimanuii. OnpenensioTcs INEpeMelleHHs B PacueTHBIX
CCUYCHUAX, CHUIIOBBIC (baKTOpI)I B CCUYCHHAX, NMPUBCACHHBIC W JOIYCKACMbIC HAIPSIKCHUSI
(rpymnusl 1 u 2), Harpy3KkH Ha OMOPHbIE KOHCTPYKLUH, 000PY/I0BaHHE M Y3IIbI ISl PEXKHMOB
“pacHyIieHHbIX” M 3aKJIMHEHHbIX MNPYXHH. Ecim mnpyXuHbl 3aKk1uHeHv:, TO Ui
TPyOOIPOBOJIOB C OJHOCTOPOHHHMH ONOpaMH (B T.4., M C JKECTKHMH IOJBECKaMH) Ha
3Tale HCIBITAaHUI MPOBOAATCA HUTCpallMUM 10 YCTAHOBJICHUS HMCTHHHOI'O CTaTryca
OZIHOCTOPOHHHMX ONOP (OTPbIB MIIM KOHTAKT).

Jlononnumenvuole pesxcumvl (3manvt 3). ONpEeNensrOTCs TEPEMCHICHUS B
pacyeTHBIX CEYEHUSIX, CHIIOBbIC (PAKTOPHI B CEYCHUSX, NPUBEJICHHBIC U JIOITyCKaeMbIe
HanpspkeHust (rpyninsl 3 u 4).

Bunpl (HOoMepa), sTambl, Harpyxatomue (GakToOpbl M pe3yJIbTaThl pacdera
TpyOOIIPOBOAHBIX CUCTEM Ha CTATHUECKYIO M LIMKIMYECKYIO TPOUYHOCTH IPE/ICTABIICHBI
B Tabumiax 5.1 — 5.5 na npumepe orpacnesoii Bersu ACTPA-A3C.

Mocksa, 2021 95



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2021

Tabnuma 5.1

HuskoremnepaTypHble TpyOonpoBoabl 0e3 TpeHus u ¢ TpeHueM no meroaunke HIIO HKTU
Buasi (HoMepa), 3Tanbl U pe3yJabTaThl pacueToB no nporpamme ACTPA-CTALL

Buzn HanmenoBanue | Orarbl 3uaucHuA CPEMEHHPIX 1APAMETPOB — PesynbraTel oTamna
(Homep) acyera acyera | K P Tlul|do | E P: Yaer acueTa
pacuera p p ap | Fsy p| 3|03 TperHs p
| Kylo|o|o|O|E|p|Ps]as| - [PL.).(o)<[o] (o), <13[c]?
C Be16OpOM ”
1 HPYSKHHHBIX M |Kp| 0 [tyug| O|Ec|p|lO]O] + [PXK,Uw(0) <lol?(o,) <[o..]?
IMOJBECOK P , Harpy3ku Ha Omopel M Y3JIbI B XOJIOJHOM H
I O | Pu|tw|un| 0" [Er| P | P50 " paboyeM COCTOSIHUHI
| 0o |P.lo|O|O|E P - W), (o) <o (6), <13[c]?
3y PP 3| Qs W\ =slofd o), =4, !
C 3a1aHHBIMHA
2 [PYXUHHBIMH i Kpp| O |ty |us |0 E]p |00 + (U)m, (O-)RK < [O-]RK ?) (O-aF)K s [O-aF ]?
IMOIBECKAMH 3 / Harpy3ku Ha Omopsl ¥ y3JbI B XOJIOAHOM H
IIb O | P |tu|Us| 0" | BEp| P | P50 " paboueM COCTOSIHUM
Ha neiictBue
7 HaArpy3KH v o |PX|olo|o|E|o0]|P]|qs ) Harpy3ku Ha Omopsl W y3JbI B XOJIOAHOM
B XOJIOJHOM COCTOSIHUU
COCTOSIHUU
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Ta6muna 5.2

Hu3koTemnepaTypHble TPYGONIPOBOABI ¢ TPEHHEM MO METOAMKE HHCTUTYTA “I'unpokay4yyk”

Buasi (HoMepa), 3Tanbl U pe3yJabTaThl pacueToB no nporpamme ACTPA-CTALL

Buz HanmenoBanue | Oramsl SHACHHS ICPCMCHHbIX 1APAMCTPOB = Pesynbratel sTana
(nomep) acuera acueta | K| P T ul|d|E P Yuer acdera
pacuera p p np | Py P | 3]0 Tpenst p
| Ky| 0 |0|0|0|Er|p|Ps|as| - |Pr.().(o) <ol (o), <13[c]?
Harpy3kn Ha omopel W y3mel B pabodyeMm
P !
C BrIOOpOM b 0 P, [th|un| S |Ep| P |Ps| + coctommm, P2
1 MIPYKUHHBIX
ITOJBECOK v K| P2 0] 0]0|E]O[P|gs| + Harpy3kn Ha oOmHOpEl W Y376l B XOJIOZHOM
: COCTOSIHHHU
M=11B-1V + |[PX K, ) (0) <ol 2 (0,.), <[o..]?
! 0 | Pl |0]0]0|E|p|Ps|as| - |W).(0)<[oP (o), <130c]
Harpy3kn Ha omopel W y3mel B pabodyem
C 3a1aHHBIMU 1B 0 Py [ty|un| o |Ep| p | P3| Qs + by 3 P Y P
cocrosHun, P
2 MPYKUHHBIMH
IT0BECKAMH Y K| P2 lo|o]o|E|o0]|P|as| + Harpy3kn Ha oOmopsl W y31Ibl B XOJIOZHOM
COCTOSIHHHU
N=15-1v + (U)HI,P;:,, (O-)RK < [O-]RK ?, (UaF)K = [O-aF]?
Ha nevictBue
7 Harpysku Y o | P lolololE|o]|r|ag| + Harpy3kn Ha oOmHOpel W Y376l B XOJIOZHOM
B XOJIOTHOM : COCTOSIHHU
COCTOSIHHU
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Tabuuna 5.3

BoicokoTemmnepaTypHble TPy0ONpoBobI 0€3 yueTa TPeHUsI/OTPHIBA OT ONOP
Buasl (HoMepa), 3Tanbl U pe3yJbTaThl pacueTos 1o nporpamme ACTPA-CTALL

Bun HanmenoBanue | Oranbl SHAYCHH IICPCMEHHBIX APAMCTPOB - PesynbTate! sTana
(Homep) pacueTa pacuera | K| P; T u |6'"| E |p|Ps|q Yuer pacuera
pacuera ap | rsy 3| ™3 | rpenns
| Ky| 0 | 0 0 [0|Er|p|Pslas| - [|PL.(u).(o) <[o]2(0), <[c]?
I Kpp 0 ty Uy 0 Ex|p 0]0 - P3>3(/ ’Knp ,(U)“I ! (O-aF )K = [GaF ]'7
C BrIOOpOM
1 TPy KUHHbIX A o | pr 5| E e ) Harpy3ku Ha OmopbI U y3IIbl B
OMBECOK wo | A | A PP pabouem cocrosiumi, (¢ )y < [0 ] ?
Harpy3ku Ha OnopsbI U y3I1bl B
* -8t |[-ou . -
v 0| P . o | O B 0 P50 XOJOTHOM COCTOSTHHUH, (0)oq <[] ?
| 0 |Pr| O 0 [O|E|p|P|as| - [W).o)<[ol(o),<lol,?
M [Kp| O |ty | uy [O|E]|plO|O]| - [Pl (o) <lo..]?
C 3amaHHBIMHA
2 A — A o | pr s E e ] Harpy3ku Ha onopsI ¥ y3I1bl B
TO/IBECKAMH wo| A | 2 PP PG pabodeM coCTOSHUH, (O')RK < [0' a7
Harpy3ku Ha onopsI ¥ y3I1bl B
Y | -dt, |-ou -
v 0 | Py i w | O] B 0P )0 XOJIOIHOM COCTOSIHUH, (0 )q < [0' w2
Ha neiictBue
Harpy3ku Ha Omopbl U y3Jibl B
7 Harpy3Kku v 0 PX |-at, |-ou, | 0] Ex | 0|Ps|qs i Py PRI Ay
B XOJIOJJTHOM XOJIOJTHOM COCTOSTHMH, (o-)RK < [o- o ?
COCTOSIHHU
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Ta6muua 5.4

BoicokoTemnepaTypHbie TPyOONPOBOALI ¢ TPEHHEM II0 METOAMKE HHCTHUTYTA “I'Hnpokay4yk” M OTPBIBOM OT OIOP
Bujbl (HoMepa), 3Tanbl M pe3yJbTaThl pacuyeTos 1o nporpamme ACTPA-CTAILL

Bun | HaumenoBanue Orarsl 3HACHH ICPCMEHHBIX 1APAMET)OB Vaer PesynbraThl aTana
(N\e) pacuera pacuera Kpp | Pyy T u o' E | p|Ps| Qs — pacyera
| Ky | 0 0 0 0 |E | p|Ps| s - P2 (u),(0), <[o].(0), <[c]?
Harpy3ku Ha omopsI 1 y3IIbI
A 0 P’ e Py 5 E | p|Ps|as + B pabodeM COCTOSIHUH,
C BEIGOPOM (O')RK < [0' " ?
1 [Py KUHHBIX
HOIBECOK Harpy3ku Ha omopsI 1 y3IIbI
v 0 PX -6t -du,, 0 E. | 0| Ps|qs + B XOJIOTHOM COCTOSIHHH,
(0)u <lo]ic?
M [ Kee | 0 | tu | ug [0 |E|p|O0]0| - |PLE o) <[o.]
I 0 PJf’ 0 0 0 EP p Ps U3 B (u)l ’(0-)1 = [O']?, (O-)z < [O-]; ?
Harpy3ku Ha omopsI 1 y3JIblI
A 0 P; e Py 5 Ep p| P g + B paboveM COCTOSIHUH,
C 3a1aHHBIMH (O-)RK < [O' " ?
2 l'lpy)Kl/lHHbIMl/I
HOIBECKAMMT Harpy3ku Ha omopsI 1 y3JIbl
\V; 0 PX -6t -du,, 0 E. | 0| Ps|qs + B XOJIOJTHOM COCTOSTHHH,
(0)u <lo]c?
il Knp 0 ty Un 0 E- | p 0 0 3 (u)lll ! P;; ! (O-al-')K < [o-al"]?
Ha neiicraue Harpy3ku Ha omopsl u y3iisl
7 Harpy3Ku B v 0 px -5t -Su 0 E ol p q + B XOJIOJTHOM COCTOSIHUH,
XOJIOHOM 3v H H X 3 3 ( ) < [ "
COCTOSIHUH O Jrc =19 Jr !
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Tabmuna 5.5

Hu3sko- n BbIcOKOTeMIIEpaTypHBbIE TPYOONIPOBOIBI (C YUE€TOM /IONOJHUTEIbHBIX PE:KUMOB M UCIBITAHMIA)
Buanl (Homepa), 3Tanbl M pe3yJibTaThl pacueToB o nporpamme ACTPA-CTAILL

Bun Orarnsl 3HayeHUs] NEPEMEHHBIX 1aPaMETPOB
HaumeHoBaHue = PesynbTaThl 3Tana
(nomep) acueTa pacteta Kgp | P Tl u|o|E P, Vet acdeTa
pacueTa P ap | T3y P17 % TpEHUS P
Orarbl pacdera Nel
OIIOJIHUTENBHBIC PEXKUMBI
I[ (i 53) P KHP 0 t u, 0 Ex Pi 0 0 - (u)lll ’(O-)RK < [G]RK ’(O-aF)K < [O-aF]
IMonHsri ¢ p’ (u)’ '
C 3aKJIMHEHHbIMU avr W
BEIOOpOM Ky | O |t | O] O |Er|pr|Ps|qar - " o - N
10 [PYKUHHBIX % TPy KHHAMH (U )1 < 1,35[0 ] , (G )2 <17 [U]T
=
TNOABECOK 2 Kgp| O [t | 0| O |Er|pr| O |dg| - |[Momrani, P,
=~ C pacnylieHHbIMU TMooran 2 (u )r
NPy XHUHAMH O [Py |t | O[O [Er|pr|Ps]|asr - g
" (o) <1350 ]". (o))" <17[o]"
INonnslii ¢ Sramms1 pacuera N2
3aJITaHHBIMU
11 TpyKHHAMH JomnonHuTenbHbIe pexxuMsl (i <3)
HWcnerranus (cm. pacuér Nel0)
3 Orar | pacyera Nel
4 Orar | pacuera No2
5 Oran I (11A) pacuera No2
6 Oran Il pacuera Ne2
8 Orar | pacgera Nel + pacuer Ne2
12 |Pacuer Ne§ + mOMOTHATENEHBIE PEXKIMBI +HHICIBITAHUS
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VYcnoBHbBIE 0003HAUYECHUA:

JOTIOJTHUTEIIbHBIC PEXXHUMBI,

Mocksa, 2021

Kjp — KEcTKOCTB TPY>KUHHOI LienH;

P3y —Harpy3ka Ha IPY>XHHHYIO OIIOPY;

Ky — ycnoBHas )kecTKOCTh IPY>KUHHOM 1end (“abcomoTHast” KECTKOCTD);

T — nepenaz TeMIeparyp;

U — repeMelIeHus 3aIeMIIEHHBIX KOHIIOB U OTIOD;

0’ — MOHTQ)XHBIN PacCTsIT;

E — Monyns ynpyrocru;

p — naBicHUE;

P3 — cocpennoroueHHBIE HATPY3KH (CHIIBI © MOMEHTHI);

3 — pacmpenenéHHas Harpy3Ka;

¥ —  KodppuumueHT  “ycpenHEHHs KOMIIGHCALMOHHBIX  HANpsDKCHMH Ui
BBICOKOTEMIIEpaTypHbIX TpyoOompoBonoB; B ACTPA-TOC Bmecro y Ha stame |IA
npunumaercs 0,5 y (B cootBerctBuu ¢ PJ1 10-249-98);

0 — ko3 durueHt “penakcanuy’ KOMIICHCAIIHOHHBIX HAIPSHKCHUH;

“Yuer TpeHus” — WUTEPAUUOHHBIA y4eT TpeHHs 00 ONOpHI, OTPHIBA OT ONOP M KECTKHX

TIOJJBECOK;

Osr= GstAqr;

AQF'R'(D/Z'S)Z’%W;

Yruzp — PA3HOCTb MEXKIY yJENbHBIMH BECAMH CpEJl, 3aNONHAIOLIMMH TPyOONpOBOJ, NpU
WCTIBITAaHHUAX U B paOOYEM COCTOSHHH.

[T3 T} [T [T 1) [73x}) i

H” — HOMHHANBHBIA, “p” — paboumii, “X” — XONOMHBIH, “I” — WCIBITAHUS,

Ui — paC‘IéTHBIe TMEPEMEIICHUA i'FO JTala,
P3

) v — CHJIa 3aTsira Npy>kKUHOH ONOPBI BHE TPYyOOIPOBOAa,;

[o—]:min {R;OYZ /15;R /26;R! / 1,5} — IIOIyCKAEMOE HAIIPSIKEHHE;
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[o]w =min{25-R",, /RTRY, 5 2RT,, |;

p0,2 p0.27? p0,2

[GGF] — AOIIyCKacMasd aMIUIUTYyda Hanpsmceﬂnﬁ;

[o], =min {L3[o] KR, / 15}; K, =1,25-0,375(c"), / RY,;
[0 =min {o ) K/RT, / 15}, K/ =175-0375(c), / RY,;
[6]™ — nomyckaemoe HampsKEHHE MPH TEMITEPATYPE HCTIBITAHMIA;
PP =-u}-K, - s pacueros 1, 10; 3anannas pabouas Harpyska — juis pacyetos 2, 11, 12;
Py =Py +(uy, —u,) K, N;
U,, —BEpTHKAILHOE TeMIIEpaTypHOE NEePEeMEIeHIe CEYEeHHS I10BECKH;
U, — coOCTBEHHOE BepPTUKAJIbHOE IIepeMelleHHe TOUKHY N0Beca IPYKUHHON OIOpBI;
N — gmcio nenei (Tsr) npy>KUHHON OIOPEI;
Py =Py +(uj —u, ) K N;

U|3I — BEPTHUKAJIBHOC MCPEMCIUICHUC HA 3TAIIC 2;

P, — Harpyska Ha IPYXMHHYIO OMOPY NPH UCTIBITAHKAX;
pr)KI/IHBI HpI/I WUCHBbITAHUAX 3AK/TUHECHDL.
I _ .3 .
Psy =-u, 'Ky )
uf- — MaJIO€ PACYCTHOC BCPTUKAJIBHOC NECPEMCIICHUEC B TOYKE IMOJABCCKH Ha 3TaIe HUCHBITAaHUH

(MmearpHOE 3HAUYCHUE PABHO HYIIIO).
IIpy>XuHBI IPU UCTIBITAHUSIX PACHYU{CHbL.

r_or 3 ) I _pr .
Psy_Ps _ur'KnP'Nv Ps _P3y+(u|||_un)'KnP'Kt'Nv
Ui — BEPTUKAJIbHBIE IEPEMELICHUS Ha IEPBOM IIOIITAIIE IIPU HCIIBITAHUSIX;
K1 — KO3 PHUIMEHT, YIUTHIBAIOLIHMIA BIUSHAE TEMIIEPATYPhl IPU UCTIBITAHUSX;
Kx = (tPAE _tXOﬂ _tr )/(tPAE _tXOﬂ ); tr = (trmzP _txouv ) :
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5.5. lIporpammuslii Moayab ACTPA-®OPM

Monyns ACTPA-@OPM 1io3BOISeT ONpEeIUTh TpeOyeMoe 4ucio (Wi B
TpeOyeMOM YacTOTHOM JHara3OHe) HUBIIMX COOCTBEHHBIX 4YacToT W (HOpM  KOJeOaHwit
TPyOONPOBOTHOKM CHCTeMBL. Macchl TpyOOIPOBOZIOB M TEXHOJIOTHHYECKOTO OOOPYIOBaHHS
TPEJICTABISIOTCS B BHJIE COCPENOTOUCHHBIX MAcC, MPUBEICHHBIX B 3a/IaHHBIC TOUKH (CSUCHHs)
pacuyeTHOM Momenu W(IIH) B CEYCHHs, TeHEepUpyemble cpeacTBamu mpernpoueccopa IIPE-
ACTPA. Maccpl IMEIOT JI0 LIECTH (TPH JIMHEHHBIX, TPU YITIOBBIX) CTETICHEH CBOOOBL.

Tperre B ONOPHBIX KOHCTPYKIMSX MOXKET OBITh YYTCHO (IO JKEJIAHHIO) TI0
OPHTHHATILHOM <ITHKEHEPHO» METOIHKE: YKECTKOCTH «TPEHISD) TIPH 3TOM HMITOPTUPYEOTCS U3
MOJIyJIel CTATHYECKOro pacyera i MOTYT OBITh, 110 JKEJIAHHIO TTOJIb30BaTeIs, MACIITAOMPOBAHBL.
Bo3moxkeH yuer G0KOBBIX JKECTKOCTEH B IIPYKUHHBIX U J)KECTKHX MO/BECKaX.

MaxkcuMaibHOE YKMCIIO0 JUHAMUYECKUX creneHel cBooonsl Momenu — 60 000.
KonnuecTBO BEIMHCIIEMBIX U YUUTBIBAEMBIX B pacye€Te COOCTBEHHBIX 4acTOT U q)OpM
konebaunuii — 1o 4 000.

Ha xaxmoM ydYacTKe-CymepdJeMEHTE MOKET OBITh JOMOJHUTEIbHO (K
“crarmdeckuMm” omopaMm) 3amaHo g0 100 amopTtu3aTopoB — oOIoOp, 0O0JIATAFOIIUX
3aJlaHHBIMH JTUHAMHYCCKHMH JKECTKOCTSAMH, HO HE MPEISITCTBYIOMIMX CTATHYSCKUM H
TeMIEPATYPHBIM TIEPEMEIICHUSIM TPYOOIpoBoOIa.

BeruncneHHple COOCTBEHHBIC 4YacTOTBHI M (OPMBI KoleOaHWil MOryT iudo
HEMOCPEICTBEHHO HCIOJIB30BAThCSl MPU OLICHKE BHOPONPOYHOCTH (OTCTPOWKA OT
pesonanca, cM. [1, 2, 3, 4]), mu6o npumensaThes nporpammamu ACTPA-CEHCM (cw.
m. 5.6), ACTPA-BHEP (cum. . 5.7) 1 ACTPA-JIHH (cM. 1. 5.8) npr pacueTHOM
aHalM3e CEMCMUYECKOW, BUOPAIIMOHHON M JUHAMHUYECKOH peakiiu TpyOOIpOBOIOB
METOJIOM Pa3JIOKEeHHUs 110 COOCTBEHHBIM (hOpMaM.

5.6. Iporpammuslii Mmoayas ACTPA-CEHCM

Monyns ACTPA-CEHCM Bpmonnser pacuyeT TpyGONpOBOAHBIX CHCTEM Ha
CEUCMOCTOMKOCTh Kak OT JEHUCTBHUS TOJIBKO CEHCMMYECKHX Harpy3ok, Tak U OT
COBMECTHOTO JEHCTBHSI JaBJIEHMS, COOCTBEHHOTO BEca CHCTEMBI M CEHCMHYECKOTO
BO3JIEHCTBU. B KauecTBe CEHCMHMYECKOTO BO3ZICHCTBHS MOXHO 3a]aBaThb CIEKTPEI
OTBETOB W/WJIM OTBETHBIC AKCEJEPOTrpaMMBI 3EMJICTPSICEHHSI HA OTMETKE KpEIUICHHs
TpyOompoBosa B OXHO- WJIM TPEXKOMIOHEHTHOM BHAE. TpeHHE B OIOPHBIX
KOHCTPYKIIHSX MOKET OBITh YUTECHO (IO JKEJIAHHUIO) 110 “MH)KEHEPHOI ™ METOAMKE TI. 5.5.
Bo3moxkeH yueT 60KOBBIX JKECTKOCTEH B MPY>KUHHBIX 1 )KECTKHUX MOABECKAX.

IIpumenenne mporpaMmsbl AJIsi OLEHKH CEHCMONPOYHOCTH KOPPEKTHO IS
TpyOOIIPOBOAHBIX CHUCTEM, IOJHOCTBIO YAOBJIETBOPSIOIINX YCIOBHSM CTaTHYECKOH
npounoctu (4CTPA-CTAL).

Pesynsratamm  paGoter  nporpammbl  ACTPA-CEHCM  sBnsiorcs:
CEHCMUYECKUE MEPEMEIICHHUS, YCKOPSHHUs, IPUBEICHHBIC HAIPSDKEHUS TPYIIBL (Os):
(ACTPA-ADC) wnu pacUeTHBIE HANPSKEHHA Omms U OmmstObs (ACTPA-TIC) B
CCUCHHUSIX  CymepdjieMeHToB  (“y4acTKOB”) HM  TPOHHHMKOBBIX  COCIMHEHUSX,
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celiCMHYEeCKUEe HArpy3KH Ha TPY)KUHHbIE M JKECTKHE IIOABECKH, aMOPTU3aTOPBI,
OTIOpHBIE KOHCTPYKIIMHM W 00OpyAOBaHHE, CHIIOBBIE (DAKTOPHI B MECTHOW W OOIIEH
cucreMax KoopauHar. [Ipy OJHOBpEeMEHHOM 3aJaHMM HECKOJbKHX BapUaHTOB
CeMCMHYECKUX BO3JEHCTBMH BO3MOXEH BBIOOD MAaKCHMAaJbHBIX IE€PEMELICHUMH,
HaINpsHKEHUI U Harpy30K 10 BCEM BBEIEHHBIM BO3JCHCTBHSIM.

CelicMuueckoe BO3JIelicTBUE XapakTepusyercs CeIyIOUUMU
OTPaHUYEHUSIMU: YHCIIO TOYEK (YaCTOTa-yCKOPEHHUE) MPH 3aJlaHUU CIEKTPa OTBETOB —
or 2 nmo 10000, xomuuecTBO 3aJaBaeMBIX TOYEK (BPEMs-yCKOPEHHE) OTBETHOU
aKceleporpaMMEl 3eMireTpsiceHns (MoMeHTOB BpeMeHH) — oT 1 1o 60 000, xommaecTBo
ToueK (IIaroB), ucmois3yemoe B pacuere — ot 1 no 60 000.

5.7. Ilporpammusbtii moxyas ACTPA-BUHBP

Monyns ACTPA-BHBP 1ipow3BOOUT pacdeT Ha BHOPOIPOYHOCTH
TpyOOIIPOBOAHBIX cucTeM, peanu3ys Tpeboanuss Hopm [1, 2, 3, 4, 7-10] wu
TIOJIOXKEHHSI COOTBETCTBYIOLIMX MOHOTpaduii, peKoMeHAaluii U pyKoBoICTB [28, 82,
92] ¢ wucmonb3oBaHMEM aHaNKM3a NapaMeTPOB BBIHYKICHHBIX YCTaHOBHBIINXCS
JEeTePMUHUAPOBAHHBIX KoyieOaHWi. Bo3MoXeH y4yer OOKOBBIX JKECTKOCTEH B
MPY>)KUHHBIX M KEeCTKMX mojiBeckaXx. CHIOBOe HarpyxeHHe 3ajaercs s
MIPOM3BOJILHBIX CEYCHUH CXEMBI B OJIMTAPMOHUYECKOM BHJIE.

BemmomnHsroTest 1Ba Buia pacyera:

— ONpeseNeHne JOIyCKaeMbIX aMIUINTYZ BHOporepeMerneHni (yCHimi,
Harpy30K Ha OMOPHl M 000OpyAOBaHME) MPH KOJeOaHWSIX TPyOOIpOBOAA MO KaXKIOW
YUUTBIBAEMOH COOCTBEHHOH (popMe U3 yCIOBUSI TOCTHKEHUS JIOITyCKAeMOTO 3HAYECHHS
MaKCHMaJIbHBIMH HaIPSKEHUSIMHU;

— pacdeT mapaMeTpOB BBIHYXKIEHHBIX YCTAHOBUBIIUXCS KOJIeOaHUI
(aMmIUTY I IepeMeNeHU, Harpy30K U HANPsDKEHHH) pH 3alaHHBIX BUOpOHArpy3Kax.

BpinmonHeHHBI  pacueT NO3BOJMSIET J1aThb OLEHKU MO0  CIEAYIOLIUM
HOPMAaTHBHBIM KPUTEPHSIM:

1) oTcTpoiika HU3IMIMX COOCTBEHHBIX YaCTOT KOJIGOaHMH TpyOOmpoBOAa OT
JETEPMUHUPOBAHHBIX YaCTOT BO30YKIAFOIIMX HATPY30K;

2) oTCyTCTBHE BUOPOYAAPHBIX PEXUMOB PaOOTHI CUCTEMBI TPyOOIIPOBOIOB;

3) nmuKIMYecKas TPOYHOCTH 3JEMEHTOB TPyOOmpoBOJa C  y4ETOM
BHOPOHAIPSIKEHUH.

PesynpraTaMu pacdera SBISIOTCS aMIUIMTYAbI EPEMEIIEHUN W HANPSIKEHUH
BO BCEX pACYETHBIX CEYEHHSIX (B TOM 4UHCIE, B TPOWHHKAX), MOIMyCKacMble
HalpsDKeHHS JUIsL  PasiuyHbIX KO3((GHUIMEHTOB ACHMMETPHH IIHKJIOB, CHIIOBBIC
(dakTopel B MECTHOH CHCTEME KOOPAMHAT IS KaXIOH COOCTBCHHOW wiH
BBIHYK/IAIOIIEH JaCTOTHI.

KomnyectBo ceueHmii Ha ydacTke (CymepasieMeHTe), B KOTOPBIX MOXKET
JeiictBoBarh nonurapmMonnyeckas cuiia — 300. YUncnno rapMoHHK B 3ajaBaeMoil cuie —
50.
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5.8. IIporpammuslii moxyab ACTPA-/IHH

Monyns ACTPA-/THH ocymecTBisieT pacdyeT TPyOONpPOBOJHBIX CHCTEM Ha
HEYCTAaHOBUBILMECS JWHAMUYECKHE MpPOLECChl, B COOTBETCTBUM C TpPeOOBaHUSIMU
Hopwm [1-4, 7-10] B yacT OLEHKH MPOYHOCTH IPH HECTAIIMOHAPHBIX (IEPEXOIHBIX)
pPeXUMaxX M aHANIN3a aBapUHHBIX CUTYaIlMl, CBSI3aHHBIX, B YAaCTHOCTH, C pa3pblBaMH
TpyOorpoBooB. Bo3MoxeH ydeT OOKOBBIX KECTKOCTEH B MPYKUHHBIX M JKECTKHX
MIO/IBECKAX.

CunoBble BO3ACHCTBHS 3aIalOTCs B INPOHM3BOJBHBIX TOYKAX CHCTEMEI
TpyOONpPOBO/Ia B BUJIC BPEMEHHBIX 3aBUCHMOCTEH NAaBJICHHS U/WIH COCPEIOTOYCHHBIX
CHJI, OLIM(POBAHHBIX C PABHBIM MM NIEPEMEHHBIM IIaroM 10 BPEMEHH.

PesynpraTamMu pacueTa SBISIOTCS MaKCHMAaJbHBIE (32 BpeMs BO3IEHCTBHS)
nepeMenieHns, yCWIMS Harpy3Kd Ha ONOPHl M y3Jbl, aMIUIUTYIbl NPUBEACHHBIX
HanpspkeHuil (rpymnmna 4).

JnuHa peanuszanuu (4HUCIIO TOYEK IO BPEMEHH 3aJlaHusl Harpy30K M IIaroB
UHTETrpupoBaHus) He nosnkHo npesbimarh 60 000. KonmmyecTBo mpoeximii IMHaAMIYECKUX
CHII (BEKTOPOB), JICHCTBYFONTMX Ha pacdeTHyto cxemy — 1o 2 000.

5.9. Ilporpammublii moayab ITPE-ACTPA

Mopnyne ITPE-ACTPA o0ecrieunBaeT CIEAYIONINE PEXHUMBI I10JITOTOBKH
patuoHansHO# pacuerHo# mozaenu aist cemeiictBa ACTPA-HOBA’2021:

— IMaJIOTOBOE 3aJaHUE PACUCTHOW MOJECIH C HCIIOJIIb30BAaHHEM ITPOTOTHUIIOB,
6a3 gamHBIX (IO MarepuamaM, THIIAM TPYHTOB, cOpTaMeHTaMm TpyO, OTBOIOB,
TPOMHHMKOB,  MEPEXOI0B,  apMatyp, (UIaHIEB W  JIMH30BBIX/CHIb(POHHBIX
KOMIICHCATOPOB, MPYXHHHBIX M KECTKUX IIOJIBECOK, OMOpP CKOJIBKEHHs/KaueHHs,
ceiicMo-, BHOpO M JIUHAMHUYECKMX BO3JACHCTBWIA), BH3yaJM3alKeil TeoMeTpuu
Y4acTKOB, IPOBEPKOM BBOAUMBIX TaHHBIX U IPYTHMHU BO3MOXKHOCTSIMU;

—aBTOMaTHU3UPOBAaHHAsl PACCTAaHOBKA Macc ([UIsl TMHAMHUYECKHX PACUETOB);

— BH3yallM3aUUsl pacuyeTHOW wmoaenu (1Mo OOJIBIIOMY W MOCTOSIHHO
TIOTIOTHAEMOMY Habopy mapaMeTpoB);

— OIIpeJIeNIEHUE U BU3yaln3alusl KOJUIM3HH — HEJOMyCTUMO MajbIX 3a30pOB,
KacaHW U epeceucHuil TpyoO.

PacueTHBIe KOMIIOHEHTHI CIIEKTPa YCKOPEHHUI & MOTYT OBITh HE TOJIBKO SBHO
3amaHbl IOJIb30BaTeNieM (WM BBIOpaHBI MM U3 0a3bl CEHCMOBO3NEHCTBHI), HO H
OTpeNeNeHsl 10 3aJaHHOW TPEXKOMIIOHEHTHOW aKceJIeporpaMMe YHCICHHBIM
WHTETPUPOBAaHUEM II0 BPEMEHH YPaBHEHHH KoJeOaHWH JTHHEHHBIX OCIHIUIATOPOB C
MPEICTABUTENEHEIM HAaOOpOM  3aJaBaeMbIX COOCTBEHHBIX YacTOT H  YpOBHE
neMiupoBaHus.

MacuirabupoBanue (3yMMHPOBaHHUE), CIBUTH U IOBOPOTHI M300pa)KeHUs
Bceil Monenn M ee (hparMeHTOB, BBIOOP IBETOBOW NalUTPhl, BHJOB U JPYTUX
napaMeTpoB  NpU  BU3yalH3allMd  pacdyeTHOM  MOAENU  OCYILECTBISETCS
MOJIb30BaTENIeM C IOMOILIbI0 yAO0OHOro coBpeMeHHoro Windows-unTepdetica
(MaHWUIYNIMpPOBaHUEM “MBIBIO” W paboTOW C pa3BUTOH CHCTEMOH MEHIO).
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W300paxkenne pacuyeTHOW MoJenu TpPyOOmpoBOma MOXKET OBITh BBIBEIEHO
OIMHAPHON JMHHEH, MOKa3BIBAIOIIEH OCEBYIO JHHHIO TPYyOOINpOBOAa, I OBITH
00BeMHBIM OJ1arojapsi UCIOIb30BAHUIO TPEXMEPHOH rpaduku (moapoOHOCTH — 11.6
HACTOSIIETO JoKyMeHTa U B Ceance pabomwl ¢ komnaekcom [16]).

5.10. MMporpammublii Moaysib IIOCT-ACTPA

Monayns IIOCT-ACTPA sBnsetcs “noctnpoueccopom’ kommiekca ACTPA-
HOBA’2021 wu oOecrieunBaeT CIEAYIONIME PEXAMBI pabOTBIl € pe3yiabTaTaMHu
pacyeTos:

— JMarHOCTHKA TIPEBBINICHUI pPAacUCTHBIMH IIapaMeTpaMu KpPHTEpHATbHBIX
3HA4YEHHUH (HANPsDKEHHUS, Harpy3KH Ha OTIOPHI, IEPEMENICHUSI-KOJUIN3HUH. .. );

— BU3YyallM3alysl pacueTHON MOJenH;

— BU3yaIM3alMs IIEPEMEIICHUI A BCEX 3HAYMMBIX OTaloB pacuera,
BKJIIOYas OIpeJeNIeHHe KOJIM3UM — HeZOMYCTHMO MajbIX 3a30pOB, KacaHHM u
nepeceueHui Tpyo B 1e()OPMUPOBAHHBIX COCTOSHUSIX;

— BU3yaJIM3alusl BHYTPEHHUX YCHITHIA;

— BHU3yaJM3alysl HANpPSHKEHUH C OLEHKOH MPOYHOCTH MO HOPMAaTHBHBIM
KPHUTEPUSIM;

— BH3yaJlM3allUsl HAarpy30K Ha OIOpbI, O0OpyIOBaHHE M CTPOUTEIbHBIC
KOHCTpPYKIINH,

— aHUMaus COOCTBEHHBIX ()OpM KoyicOaHWH WM JAMHAMUYECKUX pEeaKInit
(mepeMeneHnH, YCHIINA U HAIIPSDKEHH ),

— rpaMKu 3aBECHMOCTH JHHAMUYECKUX PEHICHUH — NepeMeneHIH, YCHITHA,
HaNpsUKEHUH — 0T co6CTBEHHEIX YacToT (-CEMCM, cniextpsl) u Bpemenn (-CEHCM,
akceneporpammsl, -/THH);

— BBIOOpOYHBIE (CBOAHBIC) TAOMMIBI MaKCHUMAlIbHBIX  HANPSDKECHHMH,
NepeMELLEHUH, YCWINN U Harpys3okK;

— [TOJTHBIE TaOJIUIIBI PE3YNIBTATOB PacyeTa;

— (opmupoBanue oTyeTa;

— COXpaHeHHe, IepenMeHOBaHNe U yalieHue (ailyioB pe3yabTaToB.

IMonpoGHoe onmcaHue MEepeyrCICHHBIX PEKHUMOB pabOTHI MOCTHpoIieccopa
npuBe/eHa B 11.6.4 HacTosmero nokymenTa u B Cearce pabomul ¢ komnaexcom [76].

5.11. Iporpammustii Moayiab ACTPA-CTAHO

Honcucrema ACTPA-CTA/JHO obGecneunBaer yrouHeHHBIE MKDJ-pacuer
TEeMIIepaTypPHBIX MOJICH M HaNpsHKeHHO-Ae(POPMUPOBAHHOTO COCTOSHUS, CTATUIECKOIA,
LIUKIMYECKOW U CEHCMIYECKON MMPOYHOCTH CIEAYIOMNX JAeTaleil TpyOOIpoBOAOB MPH
MTOJTHOW CHCTEME 3HAYMMBIX Harpy3oK (BHYTpEHHee IaBlieHHE, BEC U TeMIepaTypHBIC
neopMainu, oceBasi U MOMEPEUHBIC CHIIBI, H3TUOAOIINE U KPYTAIIMA MOMEHTHI Ha
rpaHUNaX-TOPIAX):

1) TPOHHMKOB OPTOTOHAIBHBIX M HEOPTOTOHAIBHBIX (KOCHIX) paHabHBIX
(cBapHBIX, INTAMIIOCBApHBIX, IITAMIIOBAaHHBIX W KOBAHBIX, CO CBapHBIMH ILBAMH,
HaKJIaJIKaMH 1 IIAKUPYIOIIUM CIIOEM);
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2) orBO#OB (TMOOB, KOJIEH) THYTHIX, KPYTOM3OTHYTHIX, INTAMIIOBAHHBIX H
CEKTOPHBIX C YYETOM OJJUIMNTUYHOCTH, PA3HOCTEHHOCTH (IIEPEMEHHON TOJIIMHBI
CEUEHUS1) U MIPUMBIKAIOIIUX MPSIMBIX TPYO;

3) KOCBIX CTBIKOB;

4) KOHMYECKUX TIEPEX0/IOB;

5) TMH30BBIX U CHIIb(MOHHBIX KOMIIEHCATOPOB OCEBBIX, YIJIOBBIX U CIBUTOBBIX
(MHOTOBOJIHOBBIX, C Y4ETOM IPUMBIKAIONINX NPSMBIX TPYO);

[Moncucrema oOnagaer OUAIOTOBHIM — TaONWYHO-TpaUUECKMM Tpe- U
MIOCTIIPOIIECCOPOM, MOXKET OBITH CBsA3aHa C 0a30if JaHHBIX THIOBBIX AJIEMEHTOB,
TpeOyeT Wb HEOOXOAMMOIO0 MHHHMyMa WHGOpPMAlMu s aBTOMAaTHYECKOH
TeHEepaIy ONTUMAIBHBIX M0 TOYHOCTH MPOCTPAHCTBEHHO-000JI0YEUHBIX (U1 TOHKO-
U ‘“‘CpemHEeCTeHHBIX~ 3JEMEHTOB) W OOBEMHBIX (VI TOJCTOCTCHHBIX IeTajled Hu
CHUCTEMBI  “TpyOONpPOBOA-M30JLIIUA-TPYHT )  PACUCTHBIX  KOHEYHOIJIEMEHTHBIX
Mozened. BrrumcauTenbHBIM - “SIIpOM”  CIAYKHT MOIIHBIA  BepHU(DUIIMPOBAHHBIHA
KOHEYHO/CynepaaeMeHTHbIil  komiuieke CTA/HO [9], wumeromuii  Goratsiid
MOCITY’)KHOM CITUCOK HCCIIENOBAHHBIX CJIOXHBIX OOBEKTOB AaTOMHOM, TEIJIOBOH H
THJPOIHEPTETHKH, Pa3INUHBIX OTpaCiel CTPOUTENBCTBA U MAITHHOCTPOCHHUSL.

OCHOBHBIE peaM30BaHHBIC THIIOTE3bl: M30TPOIUS W JIMHEHHAs yIpyroctb
MeTtaia (¢pu3uyeckas JIMHEHHOCTb) M MAJOCTh JieopMaluii-iepeMeneHni
(reomerpuyeckas JuHEWHOCTH). [ rpyHTa (mMoa3emMHbIe TPyOOIPOBOABI) NMPHHSTA
¢u3MuecKkH  HENMHEHHAs  peolorMueckas  MOZAENb  JHEPreTHYecKOro  THUIla,
3apeKOMEHOBaBIIas ce0sl MPH YHCICHHOM MOJICIMPOBAHNUHM TPEXMEPHBIX CHCTEM
“ocHoBaHne-coopyxenne” [10].

PesynbraTsl pacdera mpu 3a/laHHBIX COYETAHUSIX HATPY30K:

— TeMIepaTypbl (I CTAMOHAPHON 331241 TEIUIONIPOBOAHOCTH);

— nepemelieHus (BapuaHT — NpPU EAMHUYHBIX Harpy3kax — Marpuia
HOJATIUBOCTH);

— 3HAaYMMble KOMIIOHEHTBHI IOJHBIX HOPMAaIBHBIX M  KacaTeJIbHBIX
HaINpsDKEHNH, TIIaBHBIX HANpPsDKCHWH M NPUBEICHHBIX (PKBHBAJICHTHBIX MO Tpecka u
Musecy) HanpsbKeHUH Ha BHYTPeHHEH, CpeTUHHON U Hapy>KHON MOBEPXHOCTSIX;

— OLEHKAa CTaTMYeCKOM, NUKIMYECKOW M CceiicMHUYecKOM NPOYHOCTH IO
KPHUTEPHSM, IPUHITHIM B COOTBETCTBYIOLIHMX OTpacisix [1-12].

XapaktepHoe Bpems cdera Ha Pentium 1, 7GHz gns  nuHeHHBIX
MIPOCTPAHCTBEHHBIX M TPEXMEPHBIX 3aaad (TPOMHUKH, OTBOABL...) — 60-200cek, mis
HEJIMHEHHBIX TPEXMEPHBIX 3a1ad aHaJIM3a MOA3EMHBIX TPYyOOIpoBO10B — 10 30MHUH.

Ho 2003-2005 rr. ACTPA-CTAJHO wcnionb30Banach IPEUMYIICCTBEHHO
caMHUMH pPa3pabOTYMKaM{ TIPH BBINIOJHEHWH 3aKa3HBIX HAyYHO-MCCIIEIOBATEIbCKUX
paboT (Kak mIpaBWIO, AN YTOYHEHHOTO pacyera AeTalei, HE YIOBJIETBOPUBIINX
KkputepusiM npouHocTH npu pacuere 1o ACTPA-HOBA wnu apyruM mporpammam
pacueTa TpyOOIpPOBOIOB).

Taxkas Bo3MoXkHOCTB cymiecTByeT U npusercTByercss HUL[ Cta/luO u ceituac.
Bosiee TOro, HEM3MEHHBIM OCTAa€TCS NPUHUMUIIUAIBLHBIN, paHee MPOBO3IIIALICHHbIH
HOAXOMA: HPOSPAMMHbIE CUCHEMbL MAKO20 KIACCA OONIAHCHBI UCHONb308AMBCS TONLKO
pacuemuuxamu-npopeccuonanamu.
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5.12. ilnarHocTuyeckne U MHPOPMALNHOHHBIE COOOIIEHNS

5.12.1. O0wmue nos10KeHust

JuarHoctuueckue M HMHGOPMAIMOHHBIE  COOOLICHUS  BBIBOZSTCS
IIpenpoyeccopom, pacueTHBIMH MOLyJIIMH U [locmnpoyeccopom

Bce nmmarHoctnueckue n MH(OPMAUMOHHBIE COOOIIEHHS, TOIyYEHHBIE TPH
MIPOBEPKE 3a7aHHOTO MPOEKTa C IIOMOIIBIO ITyHKTa [Ipogepka danHbix MEHIO /lanHble
WIM B TIpoliecce pacueTa, IOCTYNHBI Uil mpocMoTrpa B okHe Coobujenus.
JlOonONMHUTENBHO, JUAarHOCTHYECKHE W HWH(OPMAIMOHHBIE COOOIIEHHS BBIBOISTCS B
Daiinvl ucxoouvix oannwvix, hael [Ipesviuenus kpumepues, Ilpomoxon cxooumocmu,
Ilpomokon pacuema n CeoOuvie mabauysl MEHIO Pesyremamyl, a TaKke MpU
BH3yaln3alun pe3ynbraTtoB pacuéra (cMm. Ceanc pabomwr ¢ xomiuiekcom ACTPA-
HOBA’2021).

ITpu mpoBepke 3agaBaeMbIX W/HIM BBEICHHBIX B PACUET UCXOMHBIX TaHHBIX
MOJIETTM  BBIBOJSTCS  MPEAYNPESKAAIOIIME  COOOLICHUS  WJIM  COOOIICHHUS,
JquarHoctupyronye omuoku. [Ipu Bbyiaue npeaynpexaaloniux CooOIIEHHH BBOJ
JAHHBIX WMJIM TPOIECC pacueTa IPOMOJDKAETCS, TNPH BbIAYe JHAarHOCTHYECKHX
cooOmennii 00 ommOKe BBOJ JaHHBIX (10 MOMEHTa HCIPABIICHHS) WM pacyer
MPEKPAIIAIOTCs).

JlononHUTENbHO, Ka)kAas pacueTHas MporpaMma KOMIUIEKCA IPOBOAMT
MIPOBEPKH BBOJUMBIX €10 BO3JICHCTBHIA ¥ COOCTBEHHBIX IapaMETPOB pacydera.
[lepedenp COOTBETCTBYIOMIMX JHATHOCTHUECKHX cooOmieHnid npusBoaurcs B Ceance
pabomsi (cM. Mento Pacuem).

Jlnaraoctuueckrue 1 HH(HOPMATMOHHbBIE COOOIICHNS BBIBOASTCSL.

. Ilpenpoyeccopom B Tpolecce  3aJaHUS ~ PAcUCTHOW  MOAENH
mojib30BaTeieM. B ciydae BBoJa HEAOIMYCTHMMOTO (HEIOCTOBEPHOTO)
3Ha4YeHHs KaKOro—InOo mapaMeTpa Win NpoIycka HeoOX0IUMOTO JAHHOTO
MOSIBJISIETCSL  BCIUIBIBAIOIEE  COOOIIEHWE B  CHCTEMHOM  00JacTH
yBenomsieHnit (3Hauok ACTPA-HOBA = a2 nanemn HHCTPYMEHTOB
“systray”) TpOrpaMMbl, 4YTO IO3BOJIIET KOPPEKTHO CGHOPMUPOBATH
pacueTHyIO MOJEb.

. Ilpenpoyeccopom mnpu oOpalieHUH TOJb30BATENsl K NMyHKTY [lposepka
Oannvix (MeHo Jlannwie). Ilpu 3TOM, B JOMOJHEHHE K HH(pOPMAIWH,
ONMCAaHHOM B CIENyIolIeM IOAINyHKTe, B okHe Coobujenusi NOCTYIHA
Takke MH(OpManus, BblaBaeMas pacdeTHBIM MOJIYJEM IpH IPOBEpKe
MCXOJHOM Mozeny 0e3 POBeICHHs CaMoTo pacyera.

. IIpenpoyeccopom — Tpu BBIOOpE OJHOTO M3 IMYHKTOB MeHIO Pacuem u
Haxatun kHomkn OK — mepex mpoBeleHHWEM pacdera, IpHU  ITOM
AHATM3MUPYIOTCS 3aJaHHBIE IapaMETpbl M XapaKTepUCTUKH Ha He
MPOTUBOPEYNBOCTh, MOIHOTY M JOCTATOYHOCTh. B ciydae oOHapyxeHus
HECOOTBETCTBUI BBEJICHHBIX 3HAYCHHI HJIN APYTUX OIIMOOK, HHpOpMAIHs
BBEIBOAUTCS B OKHE Co0obuyenusl.
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. Pacuemnvin mooyrem (CTAL], @OPM) tiocie BBOJA UCXOAHBIX JTaHHBIX
MOJIEITH M/MIN IMHaMHuYeckoro Bosaeiicteus (CEHCM, BUBP, /THH) u B
mpoIiecce pacuera.

. Iocmnpoyeccopom mociie OKOHUYaHHS pacueta B Dailivl pe3yibmamos,
Daiinwt ucxoouvix dannwix, IlIpomoxon cxooumocmu, Ceo0Hble mabuysl u
Ceoonvle mabnuyvt noavszosamens (MeHIO Pesyibmamvl) W B OKHE
Coobuwenusl.

5.12.2. Coobuienusi 06 ommMOKax Mpu MpoBepKe UCXOAHBIX JAHHBIX

Coobmennst 00 ommbOkax wuMmeroT Qopmar: “Owubka:”, namee TEKCT
COOOIIEHNS.

JMarHOCTHPYIOTCS CIEAYIOMAE OIMMMOKHA B 3aJaHWH WCXOTHBIX HTaHHBIX
(pacueTHBIX MapaMeTpax, XapaKTEepHCTHKaX MaTephaia, COPTaMEHTOB TpyoO,
3IIEMEHTOB TPYyOOIPOBO/IA, OMMOPHBIX KOHCTPYKITHIA, U T.1I.):

— MOJIYJH YIPYTOCTH, JOITyCKaeMble HANPSDKCHUS, JUAMETPHI, TONIIUHEI, HE
MIOJIOXKHUTEJIBHBI Ha IETAJIH, YTOHCHHUS WUIIH J)KECTKOCTH OIIOP OTPHUIIATEIIBHBI;

— MPH 33 JaHAK TPOMHHKOB U BPE30K MPOBEPSIETCS COOCHOCTh MaruCTpaliu;

— TPOBOIMTCS TOJHAS IUATHOCTHKA 3aJaHUs TCOMETPUH (OCEBOH JIMHWH)
y4acTKa, B YaCTHOCTH, Ha BO3MOXKHOCTbH “‘BIMCBIBaHHUSI OTBOJIOB,;

Kpome TOro, JONOTHUTEIEHO PACYETHBIH MOXYJIb MOXKET JHATHOCTHPOBATH
CJICYIOIIVEC OITHOKH:

— JIMarHOCTHPYIOTCS OIMMOKW, CBOJAIINECS, MO CYTH, K BBIXOAY 3HAYCHUS
BBEJICHHOTO ITapaMeTpa 3a JIOMyCTUMBIN AUana30oH 3HAYCHUI:

—YHUCII0 YIACTKOB, Y3JI0B MEHBIIIE FITH OOJIBIIIE TOIYCTHMBIX 3HAUCHHIA;

—HOMep HaYaIlbHOTO y3JIa y9acTKa O0JbIie HoMepa KOHEUHOTO Y3714,

— HOMEp HAyYalbHOTO Vy3Ja Yyd4acTka MeHblme | wmm Oonpmie Homepa
MOCJICTHETO BHYTPCHHETO Y314,

— HE COOJTFOICHBI OIPAaHUYCHHUS Ha O0IIee YHCIIO CCUCHUI, OMOP CKOJIBKCHHUS
(kKadeHus,, HAMPABIIONINX), YIPYTHX OMOP-IPYKHH, JHUH30BBIX U CHIb(HOHHBIX
KOMIICHCATOPOB, apMaTypbl, COCPEIOTOYCHHBIX CHJI M KOMIICHCATOPOB W T.J. Ha
YYaCTKE;

— MOJYJIU VIPYTrOCTH, MPEACTbl MPOYHOCTH, TUAMETPHI, TOJIIUHBI HE
MTOJIOKUTETHHBI Ha yYacTKE, YTOHCHUS HIIH KECTKOCTH OITOp OTPULATCIHHEL;

— TpPOWHHUK 3aJJaH MCHEe 9YeM Ha TpeX Y4YacTKaX, NPUMBIKAONNX K
TPOHHUKOBOMY Y3ITY;

—B OJHOM CEYEHHUH 3aJIaHO OoJIee OTHOM OTIOPEI;

— HE BHINOJHEHBl YCJIOBUSA: HOMHHAIBHAS TOJNIIMHA CTEHKA MEHBIIE
TTOJIOBHHEI HAPY>KHOTO JHAMETpa; YTOHEHIE MEHbIIIE HOMHUHAIBHOM TONIINHBI CTCHKH;
pammyc rmba Oonblle TONOBHHBI HAPYXHOTO JAWAaMeTpa; JJIHHA JeTajd
HEMOJIOXHUTEIbHAS.

— Ha yd4acTKe IpU CBapHOM TpPOIHMKE JUIMHA IepBOH (mociemHel) meranu
MEHBIIIE TTOJIOBHUHBI THAMETPa MaruCTpaid. YBEIUYbTE PACCTOSHHE. ITO COOOIICHUE
MOJKET MOSIBJIATHCS IIPH yUETE MOJATIUBOCTH TPOHHHUKOB IS IITYIEPHBIX KOHIIOB.

— 3HAYCHHUE JPYTUX IMapaMeTpoB OOJBIIE WM MEHBIIEC JOITyCTUMOTO
3HAYCHHS,
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5.12.3. Ilpenympexnaromue u uHPOPMANMOHHbIE COOOIIEHHSI TIPH
NMpoBepKe HCXOAHBIX TaAHHBIX

[penynpexaaroniie cooduieHuss uUMEOT Gopmar: “Ilpedynpescoenue:”,
Jlanee TeKCT COOOIEHHs.

Bbiaroresi, B 4aCTHOCTH, CIIEIYIOINE MPEIyIPEKACHHSL:

PacuernsiMu monynsamu CTALl, ®OPM

1) “Ha yuacmxe ecmb OnunHbie npoiemvl 0e3 NPOMENCYMOUHbIX CeYeHUl” —
€CIIM JIMHA TIeperoHa npesbiaet 10 Hapy»KHbIX TMaMeTpoB TPYObL.

2) “Ha yuacmxke onopa 6 omsoode. Tounvix 3a8ucumocmeli nOOaGmMaUOCmMu u
HanpsaxjceHul 8 0Meooe ¢ ONOpoli He cyuecmsyem”.

PacuernsiM Mmonyniem CTALL:

— “B cea3u ¢ omcymcmeuem npydjlcur (RPYICUHHbIX ONOP) HA YYACMKAX
cxemul, paciem ¢ HOODOPOM NPYICUH 3AMEHEH Ha paciem ¢ 3A0AHHbIMU
XapaxmepucmuKamu npyycut.”.

— “B cea3u ¢ omcymcmesuem Kod3QPuyueHmos mperus 8 0nopax Ha y4acmrax
cXeMbl pacuem ¢ mpeHuem 3aMeHeH Ha pacuem 0e3 yuema mpeHus 6 onopax’.

BeBogsTcst  Takke — cieaylmue — MH(OPMAINMOHHBIE — COOOIIEHMS,
Kacarolyecs: IpOBOJIUMOT0 paciyera M HAIMYUS HEKOTOPBIX JJIEMEHTOB B PAacUETHOM
MOJIEIH:

PacuernsiMu Mmonynsamu CTAL], @OPM

— “/lannvle 015 POPMUPOBAHUSL MAMPULHOSO CYNEPIIeMEHMA He 3a0aHbL”.

— “Mampuynsix cynepaiemMeHmos He 3a0ano” .

Kpome Ttoro, mpucyrcTByeT cnemyromas nHpopMaIys: oliiee KOIMIECTBO
3JIEMEHTOB B PAacyeTHON MOJEIH, YHCJIO BHYTPEHHHX Y3JIOB, OOINEEe YHCIO Y3JIOB,
YHCIO TPOWHUKOBBIX COEAMHEHWH (B TOM 4YHCJIE CBApHBIX), 3aJCIKH B TOPAIKE
BO3pacTaHMsi HOMEPOB Y3JIOB, OMOPHBIX DJIEMEHTOB B CEUCHHUSX U Y3J1aX, OTBOJIOB,
HepexoJi0B, KOMIIEHCATOPOB, MKECTKHX JJIEMEHTOB, apMaTyp, HEKOJbIIEBBIX CEYCHUH,
CTBIK, (DJIAHIICB.

PacuerneiM mogynem CTALL:

“Tpenue —memoouxa uncmumyma I unpoxayuyx’.

“Tpenue —memoouxa HI1O LIKTI.

“B pacueme npysicurvl npu UCHbIMAHUYU 3AKAUHEHbL PACHYyWenbl”.

5.12.4. Coo0uieHusi IPOrpaMM BO BpeMsi IPOBEIEHHUS pacyeTa

Bo Bpems cuera mobas nporpamma komruiekca ACTPA-HOBA’2021 moxer
BBIATh JUArHOCTUYECKHE COOOMmeHNS (CM. JHAarHOCTUKY COOTBETCTBYIOILCH
mporpaMmel B okymente Cearc pabomel ¢ komnaexcom [76]), ToBopsiIEe 0 TOM, 9TO
NepelaHHble MIPOrpaMMe MapaMeTphl WM BBEICHHBIE U3 (alijloB AaHHBIC HMEIOT
HEJONYCTUMbIe 3HaueHws, Mnwm, Hampumep, Bo BpeMs pabotel mporpamm CTAII,
@OPM w™oxeT TOSBUThCS cooOmenue: “Mampuya dcecmxocmu cucmemvl He
NON0ACUMENLHO Onpedenena’.

CooOlieHHEe CBUAETENBCTBYET O IUIOXOH OOYCIIOBJIEHHOCTH MAaTPHILIBI
paspemiamomield cucreMbl ypaBHeHMH. OjHa U3 BO3MOXKHBIX TPUYMH TaKOTO
COOOIIEHHsI — OTCYTCTBHE B pacyeTHOM cXeMe TpyOOIpoBoJa HEOOXOAMMOIO YHCia
CBSI3€H, NMPEMATCTBYIOMINX €T0 CMEIIEHUIM KaK >KecTKoro nenoro. /lpyras BeposiTHas
MIPUYMHA JUIS CIIOKHBIX CHCTEM — Ype3MEepHasi )KECTKOCTHasl “KOHTPAaCTHOCTh (WIIN)
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THOKOCTh Y4aCTKOB-CYIEpPAJIEMEHTOB. Upe3MepHy0 KOHTPAaCTHOCTh | (W) THOKOCTH
MOKHO YMEHBIIUTH IIyTEM BBEICHHS B PACUETHYIO CXEMY JIOTIOJIHUTEIBHBIX Y3JIOB Ha
THOKHX ydacTKax.

Bo Bcex ciyuasix oOHapyXeHHUs OLIMOOK BBIAAIOTCS COOTBETCTBYIOILUE
coobuieHus (B TOM 4ucie, B [lpomoxon pacuema), u c4et npekpaiiaercs. Lugpposast
HyMepanusi cooOIleHHH He Beaercs. Eciam mpu NOBTOPHOM MpPOIyCKe 3ajadyd
COOOIIIEHNEe TOBTOPSIETCS, ClexyeT oOpaTHThCS K pa3padOTYMKaM IpOrpaMMBl,
MIPUCIIaB 110 JJIEKTPOHHOM MOYTE ONHMCaHWE MPOOJIEMBI, IOCIEIOBATEIbHOCTH
neiictBuii, Screenshot u daiin-npoekr (daiin ¢ pacumpenueM anp), a B ciydae
HEOOXOAUMOCTH W apXUBUPOBAHHBIC (DAIIIBI U3 paboUei TUPEKTOPHH.

5.12.5. Cooomenust IlocTnponeccopa

[Tocne mpoBeneHNs pacdera A aHAJIH3a PE3yIbTaTOB MOYKHO HCIIONB30BaTh
BEIBOJUMEIE [locmnpoyeccopom: THATHOCTUKU B OkHe Coobuyenus, Ghailiel ¥ CBOAHEIE
TaOJUIIBI, B KOTOPBIE MTOCTYTAIOT JHATHOCTHYECKUE COOOIIEHS, TEPEUICICHHBIE IS
Ka)XI0T0 BUMa pacuera B pasmene Menio Pacuem (cMm. Ceanc pa6omol ¢ KOMRIEKCOM
[76]). Ilpu Busyanmzaimu mepemeineHnii B OKHO CooOujenuss BBIBOIATCS TaKKe
COOOIIEHHsI O BO3MOXKHBIX KOJUTM3HSAX Ne(POPMUPOBAHHON CXEMBI Ul 3aKa3aHHOTO
JTama pacyera.
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6. CeaHc padoThI ¢ KOMILIEKCOM (KPAaTKOe OMUCAHNE)
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IMonpoGHoe omucaHne NMPUBOAUTCS B OTAEIHHOM NPHIIOKECHUH K JTAHHOMY
nokyMeHTy — B Tome Ceanc pabomsi ¢ komnaexcom [76].

IMpu co3manuu pacuyetHod Monenu TpybompoBoga ACTPA-HOBA’2021
TIO3BOJISIET BOCIIOIB30BATHCS CICAYIOIINMH BO3MOKHOCTSIMHU:
®  KCIOJIb30BaHHE COBPEMEHHOTO BU3YaJbHO-Tpa(uIecKoro mpernporeccopa;
®  UMIIOPT JaHHBIX U3 aNbTEpPHATHBHBIX Tporpamm pacuera (CTAPT, CAESAR II)

u CATIP (AutoCAD, CADWorXx).

CeaHc paboThI ¢ KOMIITIEKCOM COCTOUT, B O0IIEM clIydae, u3:

1) mocTpoeHHsi, KOPPEKTUPOBKH M BU3yaJIH3alMK PAMOHAIBHONW pacueTHOM
MOJIENT! C BO3MOXKHOCTBIO HCIIOJIb30BaHMsl (aiijloB, CO3JaHHBIX JUIS MPEAbLIYIINX
Bepcuil komiuiekca (npenpoueccop IIPE-ACTPA);

2) BBINIOJIHEHMS TPEOYEMOTO THIIA M BH/IA pacdeTa:

— pacuéra 1o BeIOOpY OCHOBHBIX pasmepoB (ACTPA-AETAJIb),

— pacuera Ha CTaTHIECKYIO U MUKINIecKyio mpouHocTh (ACTPA-CTAI),

— BBIYHCIICHHS 3HAYUMBIX COOCTBEHHBIX 9acTOT U (hopM konebannii (4CTPA-
DOPM),

— pacuera Ha ceiicmuaeckue Boszeiictus (ACTPA-CEHCM),

— pacuera Ha BuOporpouHocts (4CTPA-BUBP),

— pacueTa Ha HeyCTaHOBHUBIIHECs AuHamudeckue npoueccsl (4CTPA-/IHH);

— YTOYHEHHOTo pacyeTa (M0 MPOCTPAHCTBEHHO-000JIOYEYHBIM U OOBEMHBIM
cxemam MKD3) Ttemneparypuoro mnons, HJC, craruyeckoil, NIHMKIAYECKOH U
CeCMMYECKOH IMPOYHOCTH W NPENeNbHONH HArpy3Kd Ui HanOoyiee HarpyKeHHbBIX
aeraneit Tpy6onpoBoaos (B ToM uncie aBrodperupoBannbix) (ACTPA-CTAJHO).

3) o0pa®oTKM W TpelCTaBIEHHs pe3yJIbTaToOB pacyera, BKIJIIOYas BblIady
CBOIIHBIX W/WI BBHIOOPOYHBIX TaOJNWI, BH3yaIH3alHI0 TEPEMEHICHUH, HArpy30K,
YCHIMH, HANpsHKCHUH, TpapuKkd  JUHAMHYECKHX  pE3YJIbTaToB, AHUMAIIHIO
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Ceanc pabOTHI ¢ KOMIIIEKCOM (KpaTKOe OIHCAHHE)

COOCTBeHHBIX (OPM ¥ BBIHYXK/ICHHBIX KOJieOaHHH TpPyOOIPOBOAHONW CHCTEMBI
(moctnpoueccop IIOCT-ACTPA).

[NosiBuBiasica panee u passuras B Bepcun ACTPA-HOBA’2021
BO3MOXHOCTb PCHAKTUPOBAHUA 6a3 JAaHHBIX ITIO3BOJIACT HE TOJIBKO HMCIIOJb30BaTh B
NPOEKTE, HO W COXPAHATh Uil IOCIEAYIOIUX MOJeNiell TPyOOIpOBOJIOB JETaJH,
MaTepHanbl, TPYHTHl M CEWCMOBO3JCHCTBHS, XapaKTEPUCTHKH KOTOPHIX 3aHECEHBI
I0JIb30BaTENEM B 0a3y NaHHBIX.

Bo Bpewmst ceanca paboThI OAIEPKUBAIOTCS COTTIALIICHUS, IPUHSTEIE B Cpele
Windows: oTkpeiTHe © 3akpbiTHE (aiiioB (MpoekToB), paboTa ¢ TpaduUeCKUMH
OKHaMH, MAAIOIUMH, BCIUIBIBAIOIIMMH U KOHTEKCTHBIMH MeHIO, Oydepom oOMeHa,
MOUCK, BBIJCICHHE W KOMHpOBaHWE WHpOpMalmu U T.1. Bydep oOMeHa MOXKHO
WCIIONIb30BaTh, HANpuUMep, 0pu (OPMUPOBAHMH TEKCTOBBIX M  rpadHyuecKux
MaTEpHANIOB ISl OTYETHBIX JOKYMEHTOB.

BpeMss oT BpeMeHH PEKOMEHAYETCS COXpaHATh CBOM IMpOEKT. Brixox us
ceaHca paboThl TpaauIMoHeH it Windows.

Bo Bpems cearca paObOTBI MOYKHO MOJYYHTh BCIO CIIPABOYHYIO HH(POPMAITHUIO,
UCIIOIb3Ysl KOHTEKCTHO-3aBUCUMYIO CIIPABKY.

Pacuernas monens TpyOOnpoBoia CTPOUTCS IOJIB30BATENIEM B COOTBETCTBUH
C TIOJOKEHHUSMH, M3JIOKEHHBIMH B HACTOSIEM JOKyMEeHTe U B JokyMmeHTe Ceanc
pabomul ¢ komnaexcom [16].
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6.1. Ucnoab30BaHHe BU3YaJIBLHOI0 HHTEPAKTUBHOIO Mpenpoueccopa

Kommnieke ACTPA-HOBA’2021 ob6namaer  COOCTBEHHBIM — MOIIHBIM
MHOT'OBapMAaHTHBIM  IIPEMPOLIECCOPOM,  KOTOPBHIH  TO3BOJISIET  3afaBaTh U
JMarHOCTUPOBATh PacyeTHYIO0 MOAEIb TpyOOIIpoBOAa B BU3YaJbHOM HWHTEPAKTHBHOM
pexume.

Huxe kpatko onucana npoueaypa NOCTPOSHUs PaCUETHON MOJEIH.

1. JIns co3maH¥st HOBOW pacueTHON MOJENN HAXKMUTE KIaBHINY Hoebiti B MEHIO
@Daqiin  WIM  COOTBETCTBYIOIIYIO KHONKY Ha TAHETH WHCTPYMEHTOB
Cmanoapmmuas.
3anaiite Oduue danHble PaCICTHOW MOJEIH.

3. B meHio Pedaxmop v Ha OJHOMMEHHOW MaHEIN WHCTPYMEHTOB BhIOEpHTE.
Lobasums yuacmox.

4. 3apaiiTe JaHHBIE TIEPBOM JeTaaM ydacTka, e€ (QHU3MKO-MEXaHUYECKUE
CBOMCTBA U  TEOMETPHUIO, BOCIIOJIB30BABIINCHE  COOTBETCTBYIOLIMMHU
JUajIoroBeiMU OKHamu W (wnm) [lanenvio 6600a. Ecnu 3anaHHBIE B
JIUAJOTOBBIX OKHaxX II0 YMOJNYaHWIO IapaMeTpsl Bac He ycrpauBaror,
W3MEHHTE UX Ha HyXHbIe. [Ipu nomomw 3aknanku Jemanu Ha [lanenu 66o0a
Bbl MoxeTe MONHOCTBIO 3a/aTh BCE XapaKTEpUCTUKH JeTanu. Jluanorwu,
OpPHEHTHpOBaHHbIE Ha bBa3bi OanHbiX TIO TpydaM M XapaKTepUCTHKaM
MaTepHaloB, MOXKHO IPOIYCTUTh, BOCIIOJIB30BABIINCH KHONKOW Ommena,
mr0o0 BBIOpaTH OTTyJa MOAXOIAMKE MaTepuan u TpyOy. Takke, mmeercs
BO3MOXKHOCTh TIEpE]] 33JaHHEM pPACUYETHOM MOJIEIH CaMOCTOSTEIHHO
chopmupoBaTs ToONB30BaTeNbCckue ba3pl maHHBIX (cM. Pedaxkmuposganue
BII).

5. IlepBoHauanbHO CO3JAHHBI Yy4YacCTOK COCTOMT M3 OJHOW JAeTanu, s
no0OaBieHus CIeYIOIIeH AeTan UCTIONb3yHTe KOMaHaAbl Bcmagumb demans
wi J{obasums OononHumenvHvle cMeweHuss B MeHI Pedakmop wiu Ha
OJHOMMEHHOM TaHemu WHCTpyMeHTOB. Jletanp wiam cmemeHue OyayT
JN00aBJICHBI K TOMY CEUCHHIO, KOTOPOE IIOMEYECHO YKa3aTelleM CEYEeHUS
(kpecTnkoM) B rpauyeckOM OKHE C H300paKeHMEM CXeMbl. |'eoMeTpHio
OCEBOH JMHUM TPYOOIPOBOJA MEHSITE C ITOMOIIBIO 3AKIAAKU [ eomempust
Ha [lamenu 6600a. Ilo ymomdanuio pno0aBiseMas JAeTalb HaciexyeT
XapaKTepUCTHKH Tpensiaymerd 3amanHoi Bamu. [lpm HeoOxommmocTu
BHECHTE N3MEHEHHS C ITIOMOIIBIO 3aKIAT0K [lanenu 6600a.

6. PexomenmyeMoli moCiIenOBaTEIFHOCTHIO 3aJaHUsl TEOMETPHH TPyOoIpoBoaa
ABJISIETCSI CIICAYIOIIAs:

6.1.C momompto 100aBJIeHUsT JeTallell 3a7aeTcsl TEOMETPUS OCEBOWM JIMHUH C
TOYKAaMH €€ u3lloMa. ['eoMeTpuss OCeBOW JIMHMM MOXET OBITh
HUMIIOPTUPOBaHa, cM. Mmnopm.

6.2.B Toukax u3jioMa, Tam, IJe 9TO TpeOyeTcs O IPOEKTY, BCTABIISIOTCS OTBOJIbI
(rmOBI, KOJEHa, CEKTOpPHBIE) C yKa3aHHeM paaumyca usruda. [lms sroro
CIy)KMUT KoMmaHma Bcmaeums omeo0 B MeHIO Pedaxmop wim Ha
OJTHOMMEHHOM NaHeJIM HHCTPYMEHTOB.

N
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6.3.YKa3pIBalOTCSl  JIOTIOJTHUTEIbHBIE CEUeHUs (TOYKHM PACCTAHOBKH  OTIOP,
NPYXKHH M T.I.) IPU MOMOIIM CMEIICHUI W/Wwin 100aBiIeHus Aerainei (CM.
COOTBETCTBYIOIIME KOMaHIbl 1.5). 3aJaloTcsi ONOpHBIE KOHCTPYKLMH,
(haHIBI, COCPEOTOYCHHBIC CHIIbI U T.1A. (3aknanka Ceuenuss Ha [lanenu
6600a). IlyHkThl 6.3 1 6.4 MOXXHO TIOMEHSTb MECTaMU B 3aBHUCUMOCTH OT
Bamux JIMYHBIX TNPEIIOYTEHWH TIpM  3aJaHuK  reoMeTpun. Moryt
MOTpeOO0BAaThHCS AOTIOJIHUTENbHBIE JaHHBIE U3 IyHKTa 9 (CM. maiee).

6.4.3amarorcsi apmarypa, KOMIIEHCATOPBI, HEPEXOMAbI, 3JIEMEHTHl HEKOJBLIEBOI'O
ceuenus (3aknanka [Jemanu va [anenu 6600a).

7. 3apmaifTe ocTalbHBIC YIaCTKU PacYeTHONH MOICIIH.

8. BaemuTe xapakTepHUCTHKH TPOWHUKOB (TaHeNb Pedakmop, KHOTIKA TpouHux
wu [lanens 6600a 3aKknanka Ysen).

9. C nomoIpi0 MeHI0 /[anHble OTKOPPEKTHUPYHTE MapaMmeTpbl CXEMbl U J0-
3amaiite, ecmm 3TO HEOOXOOMMO, JaHHBIE UISI  MOJEIHPOBAaHUS
TpyOOIIpOBOAOB OecKaHAIBHON IPOKIAAKH, TEMIIepaTypHbIe HCTOPHH,
JIOTIOJTHUTEJIbHBIE CEYEHHs AUl 3aJaHusl NUHAMHYECKUX (BHOpalMOHHBIX)
BOSHeﬁCTBHﬁ, MaTpHUYHBIC CYNIEPIJIEMEHTBI JJIA MOJECJINPOBAHUA
MIPUCOEMHEHHOTO K CXeMe 00OpYJOBaHMS WIIM JPYTUX TPYOOIPOBOIHBIX
cucrteM. [Ipy BBHIMOJHEHUH 3TOTO MYHKTAa, BO3MOXKHO TIPHIETCS OISITH
o0OpaTuThCI K NYHKTY 6 YykazaHHOro cuenapus. IIpoBepbTe ycioBus
3akpemyieHust cxemol: ¢ nomoupto [IK ACTPA-HOBA MOXHO BBINOJIHUTH
PACUET TONBKO KUHEMAMUYECKU HeUSMEHAeMbIX CUCHIEM.

10. B pabore ¢ BBOJIOM HCXOAHBIX MaHHBIX BaM MOMOryT oOOIIMPHBIC
BO3MOKHOCTH BU3yaJIM3alll{ 10 BRIOpaHHBIM Bamm mapamerpam, BKIIOYas
MOWCK KOJUTH3HH (MEHIO JJannble TIYHKT Busyanuzayus ucxoOHbiX OAHHBIX),
pa3Ho00Opa3HbIe CIOCOOBI PEAaKTHPOBaHUs (MEHIO Pedaxmop), BKIIOUYas
BO3MOXHOCTb OTKaTOB, Ball 3apaBblil CMBICI M aHrenbckoe TepreHue. He
3a0bIBaliTe COXPAHATh MPOEKT, 4YTOOBI HE MOTEPATh pe3yibTaThl Baiiero
KPOTOTJIMBOTO TPY/a.

11. Ecau Bor ucnonaunu m.a. 1-10, To mepexoaute K BBIIOJHEHHUIO PAacyeTOB
(Menro Pacuem). PexkoMmeHnyeTcs Hauunamey ¢ pacuema no 6vloopy
ocnognvix pasmepos (AETAJIb) unu na cmamuueckyo u YUKIUUeCKyio
npounocms (CTAI]) mubo, Ui MOMOSHUTEIHHON HHTETPATbHON OIICHKU
aJIeKBaTHOCTU PACUETHON MOJEIU — € pacuema cOOCHMEEHHbIX Yacmom u
dopm konevanuii (@OPM).

12. Tlonp3ysick MeHIO Pe3yremamul OIEHWTE pe3yibTaThl pacdera. Ecmu
KOJTU3UH  (HEOONMYCTHUMBIX  IEpPEeMEIICHUH, CBUACTENbCTBYIOIINX O
compuKOCHOBeHUH TpyO mipm npedopmupoBannu TC) W TpeBHIIICHHUS
KpUTEPHUEB MPOYHOCTH HET, MOXKHO MPHUCTYNATh K CIEAYIOMIEMY Iary.

13. K nmaHHbIM y4acTKOB A00aBbTe MH(pOpMALMIO, HEOOXOJUMYIO Ul pacueTa
COOCTBEHHBIX YacTOT W (opM KojeOaHHi (aMOPTU3aTOPBI, AeMII(epsl,
COCPCAOTOUCHHBIE MACChl, MaCCOBbIE€ MOMCHTBLI MHCPIUUNU U JUHAMUYCCKHUE
CTEIeHU CBO0O/IbI). 3a/laHie aMOPTH3aTOPOB U JIeMII(EepOB OCYIIECTBISIETCS
B 3aknanke Ceuenus Ha [lanenu 6600a. 3ajaHue COCPEIOTOYCHHBIX MAacc,
MacCOBBIX MOMEHTOB WHEPLMHU U JUHAMHYECKUX CTEIEHEH CBOOOBI MOXET
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OCYIIECTBIISITHCS ABTOMAaTHYECKU, C UCIIOJIb30BAHHEM MEHIO /[aHHble TIYHKT
Aemomamuueckas paccmanoska macc W, IpA HEOOXOTUMOCTH, “BPYyUHYO”
C TOMOUIBIO  MNYHKTOB  /Jlunamuueckue — cmenewu  c600600vl U
Cocpedomouennas macca — TPU HAIWYAU COCPEINOTOYEHHBIX Macc H
MaccoBBIX MOMEHTOB ([1anens 6600a, 3aknanka Ceuenue).

14. OneHnTe NPaBUIBHOCTh PACCTAHOBKU JTUHAMHYECKHX CTENeHel cBOOOABI ¢
MOMOIIBI0O MPOCMOTPa PAcCTaHOBKM Macc (MeHIo /lanHble TIYHKT
Busyanuzayust ucxo0Hbix OaHHbIX).

15. [IpoBenuTe pacyeT COOCTBEHHBIX YAaCTOT W (opM konebanuit (cM. Pacuem
COBCMBEHHBIX HaACMOm U (popMbl KOLEOAHUIL).

16. Beeaure wHOGOpManuio Ui HYXHOTO IHHAMHYECKOTO pacdera (MCHIO
Jlanuvie  myHKTHL  CelicMuueckue  6o30eticmsus,  Bubpayuonnsie
6030eticmeust, Jlunamuueckue 6030eticmeaust).

17.IlpoBenute HYXHBIH IUHaAMHYeCKWid pacueT (cM. Takxke Pacuem Ha
ceticmuyeckue 6030eiicmsusi, Pacuem Ha eubpayuoHuvie 6030elicmesust,
Pacuem na ounamuueckue go3oeticmaust).

18. Ilocne ycnemHOro npoBeAEHUs TIOOOr0 M3 PacyeToB JIOCTYIIHBI BCe
pe3yibTaThl 10 HEMY: BU3yalM3alMs W aHUMauus, (Qaiinbl TEKCTOBOTO
(opmara u BBIBOJ] pPe3yIbTAaTOB B TAONUYHOM BHE (MEHIO Pesyivmamut).

19. TemmepaTypHOe TmoOJie, CTaTHYECKOE U CEHCMHUYECKOE HaNpsKEHHO-
nedopmupoBanHOe COCTOSIHHE, CTaTHYECKYIO, LUKJINYECKYIO,
CECMMYECKYIO TPOYHOCTh W TIPEHeNbHYIO HAarpy3ky Uil Hamboiee
Harpy>XeHHBIX JeTaneii (B TOM 4dHcle aBTO(PPETHPOBAHHBIX) MOXKHO
YTOYHHTH C TIOMOIMIBIO pacueTa METOJOM KOHEeuHBIX 3iemeHToB (MKD) B
MIPOCTPAHCTBEHHO-000J0UEHYHON W/MIM TPEXMEPHOM MOCTAaHOBKaX B cpelie
ACTPA-CTAJHO (cm. Ttaxke MKD pacuém onemenmose ACTPA-
CTATHO).

20. Ecnu npu 3a7iaHuy UCXOJHBIX JAHHBIX OBLIM JOMYIIEHbI HETOUHOCTH W/HIIH
OMOKY, TpH 3amycke pacdyéra WIM NpU aKTHBAalMK INyHKTa [Iposepka
OaHHbIX MEHIO J[annble BBIJAIOTCS AMATHOCTHYECKUE COOOIIEHUSI 00 ITOM.
Ha npenynpexnenust Hajo oOpaTWTh BHHMaHME, a OUIMOKM HEO0O0XOIUMO
HCIIPaBUTh, IOCIIE YETO TIOBTOPUTH 3aITyCK pacdera.
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Puc. 6.1 BusyansHo-rpaduueckuii mpemnporeccop

Bo Bpemst ceanca paboTBl TIPOBOIUTCS NpOBEpKa HHGPOpPMAIMK Ha
JOIYCTHUMOCTh BBOJVMMBIX 3HAU€HHMH, Kak BO BpEMs HEIIOCPEICTBEHHOTO BBOJAA
JaHHBIX, TaK ¥ Tocie (OPMHUPOBAHUS BCEH pacyeTHONH CXEMBI C MOMOLIBIO ITYHKTA
Ilposepra dannvix MeHIO /[anuble. Pe3ynbTaThl TaKOW MPOBEPKH MUCXOTHBIX TAHHBIX
BbIBOAATCSI B OkHE CooOwenus, TIpUdeM, MPHU JABOMHOM HaXXAaTHH JIEBOW KIIaBUILICH
MBI Ha JMAarHOCTHYECKOE COOOIIEHHE MOXHO Cpa3y W3MEHHTh 3HadYCHHE
napameTpa, OKa3aBILIMCh B IOJIE €0 BBOAA. Busyanmusauust reoMeTpuy yyacTka, BCeH
MOJIENT WK ee (parMeHToB (OCEBOI JMHUEH MM KaK TBEPIOTENILHOIH) COBMECTHO C
OIopaMu, IpyXKUHaMH, (UIaHIAMH, apMaTypodl M JAPYTMMH JETaJIsIMH IO3BOJISET
MPOBEPUTh TPABIWIBHOCTh 3aJaHus pacueTHOl Moxemu (puc. 6.1). Bo3moxHa
BU3yaJIN3alisl MHOXKECTBA IIapaMeTPOB pac4eTHOH MOJIENIH TPYOOIpoBoia, HalIpUMED,
nasnenue (puc. 6.2), TemrepaTypa, paclpe/elieHHas Harpy3Ka IO OcsSM KOOpIHMHAT,
paccranoBka macc (puc. 6.3).
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6.2. UMnopT AaHHBIX U3 AJIbTePHATHBHBIX NMporpamm pacyera u CAITP

6.2.1. IIK ACTPA-HOBA’2021 1no3BOJSIET MMIIOPTHPOBATh IaHHBIC W3
pasnuunbix “nomynsapHbeix”’ CAIIP, a 3atem Ha ocHoBe CAIIP-moienu npou3BOIUTH
ABTOMATHUYECKYIO T€HEPALUIO PaCYETHO CynepaieMeHTHOW MOJIeTH TPy OOIpOBOAHOM
cucteMsl (anp-daiin). Pasymeercs, a1 co3maHus “TIOJHOLEHHON pacueTHONW MOIEIH
TC neobxomumo cpencreamu npernporieccopa ACTPA-HOBA nonoHUTETHHO 331aTh
HEoOXOJMMBIE TIapaMeTphl, HE cojepkamecs, kak mnpasuio, B CAIIP-momemnsix
(pu3nKo-MeXaHNYECKHE XapaKTEPUCTUKU MaTepHAIOB, THUIBI OMOp W MPYXKHH,
PEKUMBI HAarpy>KeHHNs, BEIIMINHBI HArPY30K U BO3AECHCTBHH H Ap.).

B mHacrosmee BpeMsi moaAep)KHBAaeTCS HMIIOPT MOaHHBIX u3  (aiinos
CJIC/TYTOIINX THIIOB:

o (aitmsr o6mena yeprexxamu AUtOCAD (dxf-daitnsr);
o premHue daiier CATIP CADWorx/PIPE (pmf-daiinsr) (puc. 6.4);
o pcf-daitner pupmer INTERGRAF (SmartPLANT, PLANT 3D);

6.2.2. Taxke BO3MOXXEH HMIIOPT MOJENCH TPYOOIPOBOIHBIX CHUCTEM U3
JPYTHX IIUPOKO OJKCILTyaTUPYEMBIX TIPOTPAaMMHBIX KOMILIEKCOB IPOYHOCTHOTO
pacyera TpyOOIPOBOAOB U 000Dy IOBAHHUS:

e ini-paitmet  CTAPTa (otedyectBennslii IIK  mpovHOCTHOrO pacuera

“HECJIOKHBIX” HEaTOMHBIX TPYyOOIPOBOJIOB);

o  cii-daitner CAESAR 11 (IIK — MexayHapoJHbIi “cTaHmapT” HPOYHOCTHOTO
pacdera HeatoMHBIX TC);
e pvp-tdaiimer PVP Design (oreuectBennsiii [IK mpoynocTHOro pacyera

COCYJIOB H amIiapaToB He()YTEXUMUH);
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6.3. IIpoBenenune pacueToB

Jnst mpoBeieHNs pacyeToB cieayeT B MeHIo Pacuem BBIOpaTh THI pacuera
(puc. 6.5, CTAIL, ®OPM,...), 3a1aTh BU] U TapaMeTphl pacyera (puc. 6.6), ucrmoan3ys
COOTBETCTBYIOIIME OKHA 3aJjaHUS, U BBINOJHHUTH pacdeT, HaXaB KHONKY Pacuem. B
0001 MOMEHT NPOBENIEHHS CUETa €T0 MOYKHO IPEKpaTHTh. B mporiecce BIIOIHEHHS
pacueTa B OKHax mpocmotpa (puc. 6.7) BblIaeTcs JUATHOCTHKA OLMIMOOK Ha JTare
BBOJA W TIPOBEPKHM HCXOTHBIX JAHHBIX W JHMAarHOCTHUKA IIPEBBIIIEHUH KPUTEPHEB
MPOYHOCTH HAa BCEX COJEPIKATENBHBIX dTamax pacdera. Takke “Oerymed cTpokoit”
0003HaYaeTcs X0 pacdeTa (3Tarsl, HTEpaui, CXOIUMOCTD H T.I1.).

Bblbop OCHOBHbLIX pasmepos (AETAND)

CTaTuyecKan 1 LMKIMYecKan npodHocTe (CTALL)
COBCTBEHHBIE YacTOTh W GopMel KonebaHmia (GQPM)
CelicMuyeckue BosaeicTemna (CEACM)

BrbpauroHHaa NpodHOCTb (BUBP)

[AuHamu4eckre BozaencTena (AUH)

MKZ pacyeT snemeHToB (CTAQWNO) b

Puc. 6.5 Tuns! pacueroB no ACTPA-HOBA

U3-3a ommbOK B AaHHBIX MM HEBO3MOKHOCTH BBITIOJIHEHMS MOCIEAYIONIINX
9TallOB pacyeTa NpU MPEBBIMICHUAX HEKOTOPHIX KPHUTEPHEB TPOYHOCTH CUET
MPEeKpaIIaeTcs, Mph 3TOM IS IPOCMOTPa W aHAIM3a MPHYUHBI OCTAaHOBA HA JKpaHe
MOSIBITIOTCS. OKHAa C (paiilaMH HMCXOIHBIX MAaHHBIX W pPe3yJbTaTOB, a B OKHE
OUArHOCTHUKH - COOTBETCTBYIOIIHME cooOmeHus. Kpome Toro, Takke MOXKHO
UCTIONB30BaTh IMPOTOKONBI pacyera (MyHKT [Ipomokons: MeHIO Pesynsmamol) u
BU3YaJIM3AIHIO JOCTYIHBIX PE3yIbTaTOB.
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6.4. locTponeccop

ITocne mpoBeneHus pacyéra B Cillydae IPEBBILICHUS KPUTEPUEB IIPOUYHOCTH
COOTBETCTBYIOIIas NH(POPMALU AOCTYIIHA JJIs SKCIIpecc-aHanu3a B okHe Coobuenus.
Jns  janpHeWniero mOpocMOTpa, OQOPMIIEHHS W BU3yalHM3allid pe3yJIbTaToB
BBINOJTHEHHBIX PAacyeToB MPeAHAa3HaYeHbl MEHIO Pe3yavmambi 1 Buo.

B cnywae mpeBBIIIEHUS KPUTEPUEB NPOYHOCTH ISl OKCIIPECC-aHaIN3a
“O0Ne3HEHHBIX” PE3YJIbTATOB MOXKHO IPOCMOTPETH CIpaBouHble (aiiel. CeooHbie
u/unu  evlbopounsvie madauyst U Ceoduvie mabauyvl noavsosamens (B Qopmare
HTML, MS Office u Open Office) momoryr O6BICTPO ¥ HHTETPATHHO
NPOaHATM3UPOBaTh M JIOKYMEHTHPOBATh pe3yNbTaThl pAacyeToB, & pa3BEepPHYTHIC
TaOJIHIBI HCXOIHBIX JaHHBIX U Pe3yIbTaTOB — MPOBECTHU YIITyOIEHHBIH aHaIN3.

B moctnporieccope peann3oBaHBl pa3HOOOpa3HbIE PEXKHUMBI BU3YalIH3aLUU
pacyeTHBIX IepeMelleHnH (1eOopMUPOBaHHBIE COCTOSHHS IO dTallaM pacyera, CM.
puc. 6.8), ycuiInii U MPUBEJCHHBIX U OTHOCHTEIBHBIX HATPSDKEHHH (BCEX PacyeTHBIX
TPy — IIBETOBBIC KapTHHBI, CM. puc. 6.9), Bu3yammsanus u aHuManus ¢Gopm
COOCTBCHHBIX KOJICOAHWH Ul BBIOPAHHBIX IOJNB30BATENIEM W3 BCEX BBIYMCIEHHBIX
gactoT (puc. 6.10). Busyanmusamus pe3yibTaToB CYIICCTBEHHO OOJerdaeT aHalu3
pe3yibTaToB pacuera. lIpy BH3yanu3anuu pe3yjabTaTOB pacdeTa MOXKHO BHUIETH
MIOTy4YEHHbIEC YHCIOBBIC 3HAUCHUS MEPEMEIICHHIH, HANPSDKEHNH, YCHIINN U Harpy30K B
YKa3aHHBIX C TIOMOMIBIO “MBIIIH’ TOYKaX PacYeTHOW MOJEITH.

IIpn BW3yanu3aumy JOMYCKAaeTCs W3MEHATh TIPafallii0  IBETOB U
HCTIONB30BaTh MOJCBETKY. MaHMITyTUpys “MBIIBI0” U (MIH) KOMOMHUPYS KJIABUIIN
CTRL wu SHIFT, MOXHO JIerkKO OCYyIIECTBUTh BpalleHHE, MepeMelIeHHe U
3yMMHpOBaHue H300paxenus. Mcmnons3ys Oydep oomerna Windows, MOKHO BBIACIIATH
HYXHbIe (QparMeHThl H300pakeHHs (WM IOJHYI0 MOJEJb) JUIs IOCIEAYIOIIETo
WCIIOJIb30BAaHUSI IPU TIOKYMEHTHPOBAHUH PE3YJIbTATOB pacyeTa.
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Ceanc pabOTHI ¢ KOMIIIEKCOM (KpaTKOe OIHCAHHE)

[
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traNova'0707\DATA\TEST3]
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L= acTPa-aac [_[O][x]

©afin fannoie Poaakop Pacuet PesyneTare Baa Orno 7

|0z 8 oE| | |[|meremnzena =l é = Bl | = @ e[ ]

| 5D\ AstraNova'0707\DATAN TESTS |2 traNova'0707\DATATESTS N =1 s
Fopma bl 9 (F= 1.440Ty) Fopma b 8 (F= 1.404 [y)

len|mad| +#=(:il+sspprze

mmmn o =X (WS x| UEES

i
i

Puc. 6.10 Aaumariusi coOCTBEHHBIX (OpM KoJIeOaHui
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7. MacTanasiuus koMiuiekca nporpamm cemeiictsa ACTPA-HOBA

7.1. CorianeHue mo AUPEKTOPUAM

Huns pa6otsl komiuiekca ACTPA-HOBA B co3paBaeMol TPU MHCTAJUIALAU
mupekropun-manke AstraNova (momp3oBarenb MOXKET 1aTh JUPCKTOPHU IPYTOC UMSI)
Ppa3MelaoTcs CIeayIoINe TPU JUPEKTOPHUH:

mupektopus BIN, comepkarmas ¢uKCHpOBaHHBIA HAOOP MPOTPAMMHBIX
MOJTyJIel KOMITIEKCa;

mupextopuss DATABASES, copepxarmias monoiHseMble 0a3bl JaHHBIX
I10 CTaJIIM, TPYHTaM H (h1aHIam;

JMPEKTOpHsI Tosk30Barelts (1o ymomdanuio — DATA), B KoTopoit Oymer
MIPOBOAUTHCSA CEaHC PabOThbI, M TJE Pa3MEIAIOTCs MCXOIHBIE IAaHHBIE U
pe3yNbTaThl pacueTa; MOXXET OBITh pa3MelleHa Ha JIF0OOM JOCTYITHOM
MOJIB30BATENI0  JICKE, HE3aBUCHMO OT pACIIOJIOKEHUS OCTaJbHBIX
JUPEKTOpHil.

7.2. Coruanenue no aiinam

HcxonHple naHHBIE pacdeTHOH MOJETH TPYOOIIPOBOTHOM CHCTEMBI XpaHAITCS
B (aiiiax ¢ pacuIMpEeHUSIMH:

.anp (reomerpudueckue, (QpHU3NKO-MEXaHUYECKUE, HATPY30UYHBIE U JIp.
CBOWMCTBA MOJEIH, CEHCMOBO3ICHCTBUS — CHEKTPHI OTBETa W/WIIH
aKceneporpaMMbl — BUOPAIIMOHHBIC U IMHAMUYECKHE BO3ICUCTBHS),
pabGouune (aiyibl IPOrpaMMbl CO3MAIOTCS B TOW K€ IUPEKTOPUH, TIC
HaxXoJATCA UCXOJHBIC MTaHHBIC pacdy€Ta U UMCIOT paCIIMpPCHHUC ._XX, rac
XX — HOMep (haiiiia; ocIe OKOHYAHUS pacueTa 3TH (aiibl yaaasroTCs.
pe3yJIbTaThl PAacUeTOB 3alUCHIBAIOTCSA B TY K€ TUPEKTOPUIO B (hailiibl
OJTHOMMEHHBIE (haiiTy ¢ HCXOAHBIMH JaHHBIMH.

pe3yibrataMm paboThl MPOrpaMM KOMIUIEKCA COOTBETCTBYIOT (aifibl co
CIIETYIOIMMH PACIIUPEHUSIMU:

ACTPA-CTAIl .apu, .ite, .rsta, .Ista, .prtc
ACTPA-®OPM hfr, frm, flx, .flr, .prtf
ACTPA-CEHCM .acs, .rsei, .Isei, .prts, .smif
ACTPA-BUBP .rvib, .prtv

ACTPA-/THH .rdyn,.prtd, .Idyn

Mocksa, 2021

127



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2021

7.3. llopaepaxka npoexToB npeabirymux sepenit ACTPA-HOBA

Kommieke mnporpamm ACTPA-HOBA mno3BoinsieT OTKpbIBaTh (ailiibl ¢
UCXOIHBIMU JaHHBIMHM CXE€MBI, CO3/aHHBIC MPEABIAYIIMMH BEPCUSIMU KOMILIEKCa

ACTPA-HOBA.

Kommuiexe Pacmupenne gaiina
ACTPA-HOBA 6.1, 6.2 dat
ACTPA-A3C-99,-2001* apr
ACTPA-HE®TEXHUM-99,-2001* npr
ACTPA-TOC-2001* tpr
ACTPA-HOBA’2003%, °2005, 2007, an
2009, 2011, 2013, 2015, 2017 P

*[IprMeyaHue: B YKa3aHHBIX BEPCUSX BO3JEHCTBHS XPAHATCA B OTIAEIBHBIX (aiimax
(.ssm — ceiicmuueckoe, .Vbr — Bubparriontoe, .dyn — quHAMUYECKOE).

7.4. KoMILIeKT IOCTaBKH

B noanviii kommniexm moctaBKM BXOJAT Monyiu mpemnpoueccopa IIPE-
ACTPA, Bce pacuernble Moayinun (ACTPA-CTAILl, ACTPA-®OPM, ACTPA-
CEHCM, ACTPA-BHBP, ACTPA-JUH, ACTPA-JETA/Ib, ACTPA-CTAJIHO),
Moy mocrnpoueccopa ITOCT-ACTPA, ciyxeOHble NpOrpaMMbl KOMILIEKCA,
WCXOJHBIC JaHHbBIC U Pe3yNbTaThl IPUMEPOB pacyera.

Munumanvuviti komniexm Bkiouaet Moy IIPE-ACTPA, ACTPA-CTAIL,
IIOCT-ACTPA, cnyxeOHbIE TPOTpaMMbl KOMIUIEKCA, HCXOJIHBIE JlaHHBIE U
pe3ysbTaThl IPUMEPOB pacyerTa.

Yuusepcumemcxas ~ (obpazosamenvunas) — Bepcus ~— OTIMYAETCS  OT
“kOMMepUecKoi”’ He HaOopoM (YHKIMA M KadyeCTBEHHBIX BO3MOXHOCTEH, a JHUIIb
OoJsiee CTPOTMMH OTPAaHWYCHUSIMU Ha Pa3MEPHOCTh MOJIENEH (CHMKEHO IOIyCKaeMoe
YHCIIO y3JIOB, CYTIEPIJIEMEHTOB, COOCTBEHHBIX 9acTOT M (popM KomebaHwit).

ITonp30BaTeoO MOCTABIAETC:

o TIporpammHbIe MOIY M B apxuBupoBanHoM Buze (.exe u .dll);

e (bailyibl MPUMEPOB-MIPOEKTOB pacuera — ¢ pacmupenusiMu .anp (ACTPA-

HOBA);
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Kommnekcer mporpamm cemeiictBa ACTPA-HOBA moCTaBisOTCS B BHUJE
CD-nucka u anekrponHoro kimoua 3ammtel (HASP wnu USB, nokanbHoro wim
cereBoro). [TocraBka ¢ JIOKaJBHBIM KIIFOUOM IpeJHa3HaueHa /it (QyHKIMOHUPOBAHMS
Ha oo |IBM-coBmectumoii IIOBM (omneparnonnas cucrema Windows 98, ME, NT,
2000, XP, Vista, 7, 8, 10) Oe3 orpanuveHus mo BpeMeHH. WMHbopmaimus Ha
quctpubytnBHoM  CD-mmcke  coxpaHseTcs W MOXET — HCIONB30BaThCA IS
HEOJHOKPATHOW MHCTAJUISINY (B TOM 4HCIe, Ha pa3HbIX MammHax). Yucno [I19BM, Ha
KOTOPBIX OJHOBPEMEHHO W HE3aBHCHUMO MOXKET OJKCIUTyaTHPOBATHCS KOMILUIEKC,
OIIpEIETISIETCS KOJIMYECTBOM JIEKTPOHHBIX KITIOUEH 3alUTHI (IS JIOKATBHBIX KITFOUCH)
WM YUCIIOM pabOoYHX MECT, MPOTIMCAHHBIX B CETEBOM KITIOUE.

[Ipu OTCYTCTBHH JUIIEH3WMOHHOTO KJIF0Ya ITOCTABJICHHBIN (WJIM CKaYaHHBINA 110
HHuTepHeTY) KOMIUIEKC paboTaeT B demo-pexcume.

7.5. Macranassnus

BAKHO: 3amyck nporpaMMbl HHCTAJULSIIUU JOJDKEH OCYIIECTBIIATHCA OT
nMeHn AnmuHucTpartopa. Ecim y Bac Her Takux mpaB, oOpaTHTECh K CHCTEMHOMY
a/IMUHUCTPATOPY.

Ilopsnox  ycranoBku mporpammbl  ACTPA-HOBA Ha  KOMIBIOTEP
(1% 01117178

e Bcrassre nncraumanuonnsiil 1uck ACTPA-HOBA 8 CD-ROM.

e 3amycTuTe iporpammy Setup.exe, pacronokenuyo B aupektopun Install

Ha CD, u ciexyiiTe HHCTPYKUMSIM MacTepa yCTaHOBKH.

Mlar 1 = lar 2 =

(JIneH3nonHOE coTJIallIeHNE) Hdns (BeIOOp mamkw, B  KOTOpPOH  Oymer

MPOJOIKEHUSA YCTaHOBKH ciaeayer HaxOIUTCsA Gaiin IIPOTPaMMBbI

MPUHATH YCIOBHS JInuensnonnoro  AstraNova.exe, eciu HE00X0AUMO

JIOTOBOpA HW3MEHUTE BBHIOPAHHYIO 110 YMOIYaHUIO
Marnky,  BOCIOJIB30BABIINCh  KHOTKOH
0db30p)

ol

Nuyerzuonnoe Cornamenue
Mowanyiicra, NPOUTUTE CQIDLLYIO BaXHYIO UHGOPHALIO Nepes TeM, Kak
NPOROMKHTE.

BbiGOp Nanky ycTanoBKn
B Kakylo Nanky BLl XOTHTe YCTaHOBMTL ACTPA-HOBA'20197

Noxanyiicra, npouTiTe CenylolLiee NMUEH3NOHHO COralLEHMe. Bbl AOMKHSI

Mporpara ycranosnr ACTPA-HOBA'2019 & crieayoluyo manky.
NPHATL YCIOBHS 3TOTD COTGILEHNS NIEPEA TeM, Kak NPOAOIKHTE.

[NPOrPAMMHBIX CPELCTB

[MULEH3VOHHBIIT JOr0BOP O MPEZIOCT ABIEHUIN NPABA HA UCTIONb30BAHUE & HaxuuTe «/lanees, uToBbl NPOAOMKUTL. ECNN BbI XOTHTE BLIBPaTS ApYryIo Nanky,
HakmiTe «0630p».

1. Npegocrasnene nuyerain 0620p...
[340 HHLL «Crafiu0» npesocTasseT Ban no HacroaLemy MiaeHsuomHoMy
|207080pY HENCKTIOHHTENHOR, He MOATEXaLLEE NEpeaHe NPAB0 Ha

NPOrpaKIMHOG KoMmneKca ACTPA-HOBA (<fTporpartiHoe
obecnevenies).
2. Orpannuenns |
& B iR yeroa cormamar
T R T S Tpebyerca kak mnHniyn 99.8 M6 C2060aHOr0 AHCKOBGrD NPOCTRAHCTER.

o= csuom [T _omass |
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Iar 3 =

(BBIOOD HEOOXOAUMBIX Moyneit
nporpamMmbl.  UToOBI  MOXHO  OBIIO
MIpOCMaTpHBaTh B JIEMO pEXHME Bce
KOMITOHEHTHI KOMIUIEKCa, BBIOEpUTE Bce

ITyHKTEHI)

BbiGOp KOMMOHEHTOB:
KaKite KOMNOHEHTs! A0MKHbI BT YCTaHoBNeHE?

BLIGEDHTE KOMMOHEHTHI, KOTOPHIE Bbi XOTHTE YCTaHOBMTS; CHHMMTE (OIKKN C
KOMTIOHEHTOR, YCFaHABNHBATE KOTOPbIE HE TPRBYETCS. HaxMiTe «/la/ee, KOTAa Bkl
6yeTe rOTOBM MPOOIKINT.

99.2 M6
6.9 M6
6.1 M6
5.6 M6
5.6 M6
11.3 M6
106.3 M6

Texywwii 860D TpebyeT He Hewee 235.3 M6 Ha ucke.

lar 4 =

(YkazaHue Ha3BaHHMsS TpYIIBI B TpyIIe
Ilpoepammur B MeHto Ilyck paboyero
crona Windows)

16! YcraroBka — ACTPA-HOBA'2019

BoiepnTe nanky B mento «Tlyck»
e POFPaMMa YCTaHOBKN AOKHA COIAETS SPALIKM?

E TIpOrpanIG CO31aCT SPMLICH B CleyroUIel NaNKe MeHo «Mlycis.

Haxmume «flanee, wTobsi npogomkiTs. Ectu e xoTure asibpate Apyryso nanky,
HaxmiTe «0630p».

_osop. |

< Hasan I Hanee >

Othera |

Ilar 5 =

(co3manue siprbika Ha paboyeM cTolie)

YCTaHOBK:

ACTPA-HOBA'2019

BuiGepHTe 0NONHUTENLHEIR 2272UH
KaKite FIONO/IHITENHSIE 3313 HEOBXOMMNO BENOMHITS?

BLIBEpHTE AONONHHTENLHEIR 33/13UH, KOTODHE FJOMKHE! BLINONHHTLCA MPU YCTaHOBKE
ACTPA-HOBA'2019, nocne 5Toro Haxwnre «flanees:

[ONONHUTENLHEIR 3HAUKME

[V Coanare sHavoK Ha Paboden crone

OTena

< Hazap Danee >

130

< Hazag Janee > I

OTwena

lar 6 =
(mpoBepka
OTTIIHH)

BCE rOTOBO K yCTaHoBKe

TIporpanMa YCTaHOBKH FOTOES HauaTs YCTaHoBKY ACTPA-HOBA'2019 Ha Ealy
KoMMbloTEp.

BLI6paHHI)IX KOMIIOHCHT U

HavkHire «YCTaHORHTE, UTOBbi MPOGOMKINTS, Wi «Hasags, ecnu But XoTie
NPOCHOTPETS Wit HIMEHIIT OALYAN YCTRHOBKH.

Manka ycraroaK: -
C:\Program Files\Astraova-201811-pL

Thn ycrarosn:
BuiGopostian yCTaHoRKa

BuiBpaHHble KOMMOHEHTE:
ACTPA-MItH
ACTPA-GOPM
ACTPA-BIIEP
ACTPA-AH
Mpnhepsl

ACTPA-CTAZNO -
< »

< Hazan |'znauoavm, |

OTwena |
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Ilar 7 = Ilar 8 =
(TIpotiecc MHCTAIUIAIINM) (3aBepIIeHHE  YCTAaHOBKH  IPOTPAMMEI
ACTPA-HOBA " WHCTAJUTSALIUS
JIpaiiBepoB KITI0YA)
5] SIS
'YCTaHoBKa...
Moxanyiicra, nofoxawTe, noka ACTPA-HOBA'2019 yCTaHOBHTCR Ha Bl 3aseplenne Macrepa
KoMnbHoTEp. yctaHoBku ACTPA-HOBA'2019
Pacrakoska (aiinos... Mporpamia ACTPA-HOBA'2018 yCTaHOBNeHa Ha Bal
C:\Program Files\Astralova-201811-p1\BIN\STAC.exe KoMnbioTep. MPUNOKEHIE MOXKHO 3aNYCTHTE C NOMOLLIBI0
o
[V Veranoeurs mpaiieepa knioua HASP
IIar 9

(ycranoBka ximoua HASP HL)

ITopsimok ycTaHOBKM 3JIEKTPOHHOTO Kitoua st mporpammbl ACTPA-HOBA.:
YcranoBute 3neKkTpoHHbI Kimtod 3ammtel HASP HL B USB-nopr xommeiorepa.
CeteBoif KIII0Y MOXET OBITh YCTaHOBJICH, KaKk Ha cepBepe, Tak W Ha JI000M
KOMITBIOTEPE CETH.

Ycranosure apaiiBepa ycrpoiictBa HASP, eciu 3170 He0O0X0aUMO (HapUMep, eciu
He BemonHsuics llar 8 miam ceTeBoil KiIrOY ycTaHaBIUBaeTcs Ha cepsepe). s
3TOr0 CIEAYeT BOCMONB30BaThcs mporpammorn HASPUsSerSetup.exe, koropas
pacmonokena Ha gucke ACTPA-HOBA B pupexktopun HASP\Runtime
Environment\Setup.

OOpaTuTe BHMMaHMe, €CIIM BIOpaHbl HOPMBI, JIMIICH3US] HA pacyeT 110 KOTOPhIM
OTCYTCTBYET B DJEKTPOHHOM Kiode, mporpamma Oyzaer pabortats B Jlemo-
pexume. [l BbIOOpa HEOOXOJMMBIX HOPM BOCIOJBb3YHTECh IMyHKTOM Obuue
OdanHble B MCHIO JlanHuvle.

B cnydae Bo3HukHOBeHMs 1pobiem ¢ kimoyamu HASP HL npokoncynbsTupyiiTech
¢ Bammm cucremHBIM agMuHHCTpaTOpoM. [t TMAarHOCTUPOBAaHUS M HACTPOWKH
pa6otsl [IK ACTPA-HOBA: ¢ snextpoHHBIME Kitodamu 3amyctute HASP License
Manager Admin Control Center (IlenTp ympaBieHHS W aIMHHHCTPUPOBAHHS
MeHeKepa TUICH3UN HASP) npu TTOMOIIIN web-uHTepdeiica
http://localhost:1947.
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Hlar 10

(BBIOOp 3arpyaeMbIX MOAYJIEH AJISl TPOrPaMMBI C CETEBBIM KIIFOUOM )

IIporpammubiii  kommiekc ACTPA-HOBA ¢ ceTeBbIM KJIIOYOM MOXKET
3aIyCKaThCsl C pa3IMuHBIM HAa0OPOM MOJTyJIel B 3aBUCUMOCTH OT KOMIUIEKTa ITOCTaBKH
nporpammebl. JI7sl HACTPOMKM KOHKPETHOTO paboyero Mecra HCIIOJIB3YeTCsl yTHIINTA
Config.exe, xotopas pacmonoxkeHa B mupekropud BIN mporpammer u, ecmu 310
HEo0X0MMO, 3aITycKaeTcs IpH nepBoM 3arycke komiuiekca ACTPA-HOBA.

Ei: . Moaynv nporpamMmbl ACTPA-HOBA il
BHOEPKHTE NPONpPAaMMHEES NPOOYRTH , ROTOPHE
OOJMHEl Sarpy®aThbCA Ha JaHHOM pafodeM MecTe

=] SanyCcraTE hd
[EETTRE
T3C-$OPM ( 1 ) TE ]
T3C-CEACM (1)
T3C-BMBE { 1 )
TIC-IOMH ( 1}

HASC NOJHAA BanycraTk

B ACTEA-CTAIHO Sanycrare

OTMEeHA

Mar 11
(mpoBepka paboTOCIOCOOHOCTH MPOTPAMMBI)

e Boiigure B ceaHc pa®oThl ¢ KOMIUIEKCOM, ABAXIBl “KIMKHYB” TIO HKOHKE
ACTPA-HOBA’2021.

e Jlns mpOBEPKH pPabOTOCTIOCOOHOCTH TPOTPAMMBI MOKHO —BOCIIOJIB30BATHCS
TECTOBBIM  npuMmepoM  Demo.anp, KOTOpBIM  pacmojio)K€H B MAlKe
...\DATA\DEMO. DtoT npumep BXOAUT B 00A3aTEIHHbBIA KOMIUICKT TOCTABKH U
MOJKET OBITh MPOCUYUTAH O€3 DIEKTPOHHOTO KITFOYA 3aIUTHI.

e [lpumepnl pacueToB peasibHBIX TpPyOONMPOBOAHBIX CHUCTEM C BO3MOXXHBIMHU
JNEeMEHTAaMHU M XapaKTepHBIMH IpHEMaMH MOJEIHMPOBAaHUS B ClIydae HX
YCTAaHOBKM MpH  MHCTAUBinuM  (mwar 3) HaxomsiTcs B JMPEKTOPHH
...\DATA\EXAMPLES (BapbupyroTCsi B 3aBUCHMOCTH OT HHCTAJUTMPOBAHHON
OTpaciIeBOH BETBH).

e JleTampHOe omNUCaHWE MCXOAHBIX NAHHBIX U PE3yJbTaTOB PACUETOB TECTOBBIX
MPUMEPOB COJEPKUTCA B OTAeAbHOM aokymeHTe “ACTPA-HOBA. TecroBble
TpUMEPEI”’, KOTOPBI MOXXET OBITh TPENOCTAaBICH IIONB30BATEISIM IO
CIENATBHOMY COTJIAILICHUIO.

Buumanme!!! Tlo KemaHWio TIONB30BATENS YHUCIO TOCTABISIEMBIX «TECTOBBIX)»
MIPUMEPOB MOKET OBbITh CYIIECTBEHHO YBEJIMYECHO (B TOM YHCJIE, TECTAMHU Ha MO3EMHbIC
TpyOOIPOBOABI, MATPUIHBIE CYIIEPIEMEHTHI B yTouHeHHbI MKJ-anam3 neraneit TC).
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|DEd 1w e|xE- |Jaecmys

Oesnerme
PazHOCTb TEMNEpaTyD
PacnpeseneHHan Harpyaka no X1

Pocnpeasnenas Harpyaka no X2
PacnpeasnenHan Harpyaka no X3

PacnonoxeHne Macc

HacTpoiika Tabnmus useTos

\
igryo| & @ 4 5 |[EEAcTearions 4 AHRETE s
Puc. 7.1.1 Tlpumep TEST1 (4CTPA-HE®TEXHM) — nioniHast MOJIeJb, COCTOSIIIAS U3
24 onnHaKOBBIX BeTBeM (768 cymnepanemeHnToB, 433 y3mna, 7128 aneMeHTOB)

= NPEACTPA-HE®TEXWM. testl - [Bech TpyGonposon.]

HEE
IS davn Oeweme Vusctkw Pacuer Mpoovotp Fensctop | Bug Owo 7 _ =] x|
|DEH (8% [E|B |[|eomomes  v]| 8 ¥ Moaseeria [©lcolariva [~

BuaeTk BCe | -
: N

LseT TpyBanposona. OceBas mHIA

//L HyMepaLuia T L
. PparMeHTSL..

MapameTpbi poEMaTPa.

41

TEHE M UHET pyMEHTOS

MonHeA Mogens [
nyee|[ 2 € & =2 H EE ACTPAHOBA BT modn.doc- hicro..| RSl ] 45F =EE]
Puc. 7.1.2 Ilpumep TEST1. dparmenT 3aBepiuarorieii 4acTi MOJeIH
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0 A & e epemelle a a epexon onogHoro B pabouee cocToaume — & x
®avn PesyneTatel B L nep no B LS HEMpSEHUA  HacTpoka  PegskTop  Bug  Okko 7 — = x
1=
EEC ) e [aaaay|esc(oo ariva o

T \

e | © 5 | [EEacTearionn [ AKOENE wes
Puc. 7.1.3 Tlpmvep TEST. Pacder Ha cTaTiHecKyo 1 IMKIAYECKYTO IPOYHOCTH —

BH3Ya/IM3aLMs [IepeMellieHHH JTana 3 (TIepexo1 U3 XOJOAHOIO B paboyee COCTOSIHIE)

0 A @ e PacueTHbie Hanpaxenns. OT BECA W 1aBAeHUS HE
B @ain Pesynotare B n W B Hampsxerni  HocTpoike Pegaktop Bun Okko 7 BoccTaHoeuTs
[BDEd 5 ? B[R |[Fomimen Zl# [aqeev|ca(colar(va [
L~ . T

\
gAnyex||| 2 @ @ & ||[BEacTPatoBA | B]TINes doo- Micros | G 1E =REE
Puc. 7.1.4 ITpumep TEST1. PacueTHbie HanpsKEeHUsS OT Beca U 1aBIICHUS
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HEMPEACTPA-ASC. test? - [Becs TpyBonposon ]
IBE @ovn Oowrme Vusctkn Pacier Mpoovotp Pescrop Baa Owwo 7
|DEHE [0 R[8E B [eeowyoomons 2|

o g

@y Ay 45

I
Bnyee] |S @ W |IEAcTPAtoBA | BElaoenent-Mico. |

Puc. 7.2.1 Ilpumep TEST2. O0mwuii Bug moaenu — 289 cynepaneMeHTOB,

223 y3na, 2182 snementa

= MPEACTPA-ASC test? - [Beco TpyGonposon.]

IBS ®ain Qanmme YuacTkn Pacuet MpocvoTp Peaaktop Bua Okko 7

DESE|#?[3

2R DEG 6

| =]

B ||[eee myBomponon Al

laaaey (o0 (4r(va [T

HEE

I
RNy |2 @ 1 =2 H EEACTPAHOBA | B)TESTZMOD doc- M.

Puc. 7.2.2 Ilpumep TEST2. ®parment Monenu

Mocksa, 2021

L ZWRSE 6

135



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2021

£ NOCTCTAL-ASC. test? - [Mepememenma. 3Tan 3 - MNepexon U3 xonoaHoro 8 pabiouee cocToskume]

IBE ®oitn Pesynorator B s nep 4 B LuAq Hanp % Hactpofika Pensktop Bua Okeo 7

r:
|0

BH[% 7 [E|R |[rormes
b 7

[
5] I'chx”] [EN- 36 ] H IS AcTPA-HOBA G 2K TN 1527
Puc. 7.2.3 Ilpumep TEST2. IlepememnieHus mpu nepexoe
U3 XOJIOJHOTO B pabodee COCTOSTHUE

Wis HonpxeHM HocTporka  Penaktop Bua  OkWo 7

|aq@a@ad (oo 4r (Ya [[———

[ \

ANy |2 @ 4 % | [EEacTParonA | B]T2ares dos-Micros | § 2B G 15

Puc. 7.2.4 ITpumep TEST2. OTHOCUTENbHBIE HANPSKEHUS 110 rpymme 3
(pa3maxu HarpsHKEeHM)
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= NPEACTPA-TAC. test3 - [Becn TpyGonposon ] [— [=]x]
IEE Paitn Oavbele YuacTkn Pacuer MpocmoTp PemakTop Bua Okko 7 [Copryme]
[RER=2=RRRE R NN - | er—— =l| & laaaayco(co|arya |~

] \
sliye || & @ 6 % | [Bacroanooa G 2 WK OmE
Puc. 7.3.1 ITIpumep TEST3. Ilonnas pacuetHas monenb — 179 cynepanieMeHToB,
116 y3noB, 1831 anement

EEMOCTCTALLTAC. test3 - [Mepermewenms. ITan 26 - Bee Harpysikn B pabiouem cocTosiHum]

22 2oin Pesymerate B L nep! B L Hanp: # HacTpoiika Pegaktop Bua Okno 7 E;;‘W—b‘
DS | 2[R | wymomeo | o laqaey cc|co(ar|(va [~

I
RNy |2 @ 1 =2 H EEACTPAHOBA | B TESTImadioc-M. | G2 M DITN S 1544

Puc. 7.3.2 Ilepememenns Ha stane 2b (pparment moaenm)
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0 A e PacueTHe HanpaxeHus. Pasma anpsxe _ =] x
IES ®ain PesynetaTel Bl nep: n B LA M HacTposks PegskTop Bua  Okeo 7 _ =3 x

EEEE R = [aaga¥(cc(coldr|va [T ——

I
#hnyoc| | S € (%5 || acTPatons | Eess oo -bisosot | KB ] 4 =IRET

Puc. 7.3.3 Pa3zmaxu HanpspkeHHH (pparMeHT MOJIEIH)

W X

B

Puc. 7.3.4 OnudpoBanubie rpaduku HAMPSHKEHUI B CEUCHUH OT CCHCMOBO3ICHCTBHS,
3a/IaHHOTO aKCeJIepOrpaMMon
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P PA estd - [Beco Tpybonposoa _ |3 x
IEE ®aiin Nawebe YuacTs Pacuer MpocvioTp Pepactop | Bun OkWo 7 _ = x
BRI e S G0 Ariva [T

Bunetso soe
Bua monenn »
LeeT TpyGonposaas.
L ¢ Her
X 5 o Tonsko ys el

31101 1 CeveHHa
MapareTpsl npocHoTpa.

LpucpT ANA HOMEPOE y2noe
LLpit T ANA HOMEPOB CEYEHIA

MloHe M MHCTpyMEHTOE

Foepaan \

\Eml’lyckm Sers H RS ACTPA-HOBA ] fokymenT! -Micro | RG] 4EF \=REA

Puc. 7.4.1 Tlpumep TEST4. Pacuetnast Mmoaens — 56 cynepasieMeHTOB,
50 y3noB, 620 31eMEeHTOB

PEA PA est4 - [Beco Tpybonpoeon. Pacnpenenentan Harp anoo _ || X
B ©apn Aamrwe VuacTkn PacieT MpocmoTp Pegaktop Bua Okko 7 _|g|x
=R A e =l & laaaa¥y et 4r(va || —————

I
g8 nycx||| 2 @ & = H 2 ACTPA-HOBA G R ITR s

Puc. 7.4.2 Tlpumep TEST4. Pacnipenenennas Harpy3ska
pacUeTHON MOJIE/H [0 BEPTUKATIBHOM OCH
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H=MOCTCTAL-TAC. testd - [Mepemewenna. ITan 26 - Bee Harpyakin B pabouem cocToanum] [_[=]x]
BE @avn Pesymerare B Luis H B LR HanpskermA  HacTporica  Penswrop Brn Okwo 7 _|=| %
IEECNE N | [aaeey oo drva [~

| \
Ry |2 @ 1= H EE ACTPAHOBA ) Qowymient! -Micra.. | G A BIWIOTNE 1314
Puc. 7.4.3 Tlepememnienus “Bce Harpy3ku B pabouem coctostauu ~ (MacmTab 20)

0 A 5t - [PacueTHHIE HANPAXEHUA a _ =] x
IEE ®aiin Pesynerare B L5 nepy e LR Har % Hactpofika Peagsctop Bma Okno 7 HNER
|DE R[5 2 [ER |[Fomvomes =6 [Eaaay[calco[«r[va [ ——

I
anye| €A [Bacroarons G 2WKERE
Puc. 7.4.4 Tlpumep TEST4. Pacuer o ACTPA-TIC, nanpsixeHus Ha 3 dTare
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EENocT®@0PM-HEDTEXMM. test HEEHR
Paiin PesynoTath Penaktop Bua Okko 7
B E N =) laaaavccicolariva [0 |

= ®opma Ne 60 (uactora 15,3994 [w) I =1 3

.

L= ®opria N° 33 (uacToTa 9.79197 Mu)

— .
e [ @@ WD | ooy |[EEacTPations  EjTEST4enidoe-Micr | (RO 4EE =R

Puc. 7.4.5 Tlpumep TEST4. Auumanust popM cOOCTBEHHBIX KOJICOAHMUIT ISl YEThIPEX
gacToT. OO111ee YKcio crerneHel cBo00 b pacueTHON Moienu 635,
YHCIIO0 OMpeieNisieMbIX yacToT — 50, 4ucio urepanuii — 82
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8. ConpoBo:xnenne u o0HoBJeHue cemeiictea ACTPA-HOBA

8.1. ConpoBokaeHHe M OOHOBJICHHE JIETaJbHO NPHOOPETEHHOW BEPCUU
KOMIUIEKCa (MM HECKONBKMX  KOMIUIEKCOB  CEMEHCTBA)  OCYIIECTBISCTCS
MOCTABIIMKOM — Pa3pabdOTYMKOM I AUCTPUOBIOTOPOM — B TeueHue 12 Mmecsies
nocrie 3aUKCHPOBAHHOM AaThl MOCTABKH.

Conpogosicoenue BKITIOYALT:

— 9KcIpecc-00ydYeHue IMoIb30BaTeNel 0 B3aHMOCOTIIACOBAHHOM IPOTrpaMMe;

— “ropsiuyro” Tele(OHHYIO JHHHIO B pabo4yMe Yachl W OTBETHI Ha BOIPOCHI
noJip3oBaresneit mo e-mail,

— BBIE3]] CHELHUaNINCTa Ha MECTO B CIlydac HEBO3MOXKHOCTH PEIIMTH BOIPOC IO
tenehony wia mo e-mail,

— aHaM3 “HeCTAaHJAPTHBIX CUTyalWi M KOHCYJIHTaTUBHYIO TOMOIIB IIPH pacueTax
CJIOKHBIX CHUCTEM,

— pasMellieHHe ¥ TMOCTOSHHOe OOHOBJICHHE IOJIe3HOW HH(OpPMAIMK Ha caiiTe
paspaboTymka/mocTaBika WwWw.stadyo.ru;

— 3aMEHa BIICKTPOHHOTO KITF0YA B CITyYae ero HEyMbBIIUICHHOTO OBPEKACHUSL.

OOHOBIIeHHE BepcHH (TIPH BBIXOJIC HOBOTO PENM3a — HE PeXke OJHOro pasa B 5

— 6 MecsIeB) MOXKET BHIMOJIHATHCS JIHOO TPEACTABUTEIIME MOCTABIIUKA TI0 3aIPOCy
MOJIB30BAaTEs, JIMOO CaMHMH TIOJIb30BATE/IIMU — CKA4YKOH HOBOW BEPCHHU C caiita
paspaborunka HUIL] Cta/luO (www.stadyo.ru) wiu quctpubsioTopa.

8.2. TlonHOIICHHOE COMpPOBOXJACHUE W OOHOBiIeHWE (m. 8.1) meranbHO
MPUOOPETEeHHON BepcHUM KOMIUIEKCa 3a “Tpeaenamyu’” TEpBBIX 12-m MecsIieB
BEITIOJTHACTCS TPH YCIOBUH 3aKITIOYCHHS COOTBETCTBYIOIIETO JOTOBOpPAa HA HAYYHO-
METOJIMYECKOE COTPOBOXKICHHE. [IpH OTCYTCTBMH Takoro JOTOBOpa IOJIH30BATENb
HEOTPaHUYEHHO JIOJITO MOKET HKCIUTyaTHPOBATh CBOIO HEOOHOBIISIEMYIO BEPCHIO, a U3
YCIYT TIOCTaBIIMKA OCTYNHBI HHGQOpMAIHI Ha caifTe, 3aMEHa JJIEKTPOHHOTO KITF04a
(TIpu ero HEYMBIIUIEHHOM MOBPEXXICHUN) U, IPXU 0OHAPYKCHUX TIOTIH30BATEIEM paHee
HEBBIABJCHHBIX HETOYHOCTEH (HEKOPPEKTHBIX PEXHMOB) TMpPOrpaMM, 3aMeHa
COOTBETCTBYIOIINX MOJYJICi Ha UCTIPABJICHHbIE.

8.3. Crnennanu3upoBaHHbIe “NOTHOICHHBIC KYPChl 00YUYCHHUS, BKIIOYAIOIIHE
He ToJbKo uzydenue BozMmoxkHocteil [IK ACTPA-HOBA, Ho u (4T0, KaK MOKa3bIBaeT
NpaKTHKa, 0oJiee BaXKHO U JAaeTCsi OOJBbIIMMHU YCHIMSIMH) OOIIME BOIIPOCHI OCTPOSHHS
pacUeTHBIX MoOjeNel, HOPMAaTHBHO-METOINYECKYI0 0a3y BBIMTOJHCHHS MPOYHOCTHBIX
PacyYeToB | PsiI IPYTHX, MPOBOAATCS Pa3pabOTIMKOM B paMKaX OTACIBHOTO JOTOBOPA
0 IporpamMe, ormy0IMKOBaHHO#M Ha caiite Www.stadyo.ru.
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M., 2001 r.
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krc/kB.cMm), t <= 350 °C. Tpoiinuku capuble mnepexoanbie. OCT 34-42-676-84 (c
Wsmenennsimu N 1, 2, 3,4, 5). M., 1984 1.

56. leranmu u cOopounsle eauHuLbl Tpy6onposogos AC Py < 2,2 MIla (22
Krc/kB.cM), t <= 350 °C. TpoiiHUKM CBapHbIC paBHOMNPOXOAHbIC ¢ Hakmankoit. OCT 34-
42-677-84 (c Usmenenusimu N 1, 2, 3, 4, 5). M., 1984 1.

57. Jleramu u c6opounsie eaunuisl Tpybonposonos AC Py < 2,2 Mlla (22
Krc/kB.cM), t <= 350 °C. Tpoiinuku cBapHbIe nepexouble ¢ Haknaakoil. OCT 34-42-678-
84 (c Usmenenusmu N 1, 2, 3,4, 5). M., 1984 r.

58. leranmu u cOopounsle exuHuLBl TPyOOmpoBogoB AC Py, < 2,2 Mlla
(22krc/kB. cm), t<=300 °C. Tpoitnuku cBapHbie paBHonpoxoansie. OCT 34-10-510-90 (c
Nsmenenusmu N 1, 2). M., 1990 T.

59. Jleramu u c6opounsie exuHUIBl TPyO6onpoBoaoB AC P.g < 2,2 MIla (22
krc/kB. cM), t<=300 °C. Tpoiinuku cBapubele mnepexomueie. OCT 34-10-511-90 (c
Usmenennsimu N 1, 2). M., 1990 1.
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60. leranu u cOopounsle eaunuibl Tpy6onposoaos AC P,s < 2,2 Mlla (22
Krc/kB. eM), t <= 300 °C. TpoiiHuKku cBapHbIe paBHONpPOXoaHbIe ¢ Hakiaankoi. OCT 34-
10-512-90 (¢ U3menenusmu N 1, 2). M., 1990 r.

61. Meranu u c6opounsie equHuLEl Tpy6onposogos AC P,g < 2,2 MIla (22
Krc/kB. M), t <= 300 °C. TpoHHHKH cBapHEIE IepexoaHble ¢ Hakiagkoil. OCT 34-10-
513-90 (c Usmenenusmu N 1, 2). M., 1990 r.

62. biiok TOABECKM XOMYTOBBIH JJIsi TOPU3OHTAIBHBIX TPyOOIPOBOIOB.
Koncrpyxkius u pasmepsl. OCT 34-10-725-93. M., 1993 r.

63. Onopa xoMyToBasi ckonb3sas. Tunsl u ocHoBHbIE pa3Meprl. OCT 34-10-
617-93. M., 1993 r.

64. Ilpoknagku IUIOCKHE 37acTU4Hble. OCHOBHBIE IIApaMETpbl U pPa3Mephl.
I'OCT 15180-86. M., 1986 .

65. TOCT 24705-2004 HCo 724:1993) OcHOBHbIE HOPMBI
B3auMo3aMeHseMocTd. Pe3pba MeTpryeckas. OcHoBHBIE pa3Mepsl, M., 2005 r.

66. Kommiekc IporpamMm ACTPA-ADC (DOS-Bepcus 6.1).
ABTOMAaTH3HPOBAaHHBIH pacdeT TPyOONpoBOAHEIX cucTeM ADC Ha CTaTHUECKYIO H
[IUKIMYECKYI0 INPOYHOCTh, Ha CEHCMHUYECKHE BO3JICHCTBMSA, Ha BHOPONPOYHOCTH U
HEYCTaHOBHMBIIHECS JUHAMHYECKHE MPOIECCH B COOTBETCTBUH ¢ TpeboBaHusMu Hopm
ITHAD I'-7-002—-86. O6iuee onucanue komiiekca. M., HUILL Cta/luO, 1991 r.

67. Komruiekc TporpaMMm ACTPA-ADC (DOS-Bepcus 6.2).
ABTOMAaTH3MPOBaHHBIN pacyeT TpyOompoBoaHbIX cHcTeM ADC Ha CTAaTHYECKYIO U
LUKJIMYECKYI0 IPOYHOCTh, Ha CeiicMHYecKHue BO3JICHCTBHS, HAa BHOPONPOYHOCTH U
HEYCTaHOBHMBIIHMECS JAUHAMHYECKHE MPOIECCH B COOTBETCTBUH C TpeGoBanmsMu Hopm
ITHAD I'-7-002—86. O6miee onucanue komrwiekca. M., HUIL Cta/luO, 1996 r.

68. Kommekc  mporpamm  ACTPA-HEOTEXUM  (DOS-epcust  6.2).
ABTOMATH3MPOBAHHBIH pacdeT TPYOOIPOBOAHBIX CHUCTEM HE(PTEXMMHYECKHX U
HedTenepepadaTHBAIOIINX TPOM3BOACTB Ha CTATHYECKYIO M IUKINIECKYIO IPOYHOCTH U
Ha BuOponpouHocTh ¢ TpebosaHuamu PTM 38.001-94. Obuiee omucaHue KOMILIEKCA.
M., HULI CtaluO, 1996 .

69. Kommuiekc nporpamMm ACTPA-ADC-99 (Windows-Bepcus).
ABTOMAaTH3MpPOBaHHBIN pacyeT TpyOOnpoBoAHBIX cucteM ADC Ha CTATHYECKYIO H
LUKJIMYECKYI0 IPOYHOCTh, HA CefiCMHYeCKHMe BO3ICHCTBUS, Ha BHOPOIPOYHOCTH U
HEYCTaHOBHMBIIHMECS JAUHAMHYECKHE IPOIECCH B COOTBETCTBUH C TpeboBanmsMu Hopm
TTHAD I'-7-002—86. O6miee onucanue komriekca. M., HUIL Cta/luO, 1999 r.

70. Kommeke mporpamm  ACTPA-HE®TEXUMM-99  (Windows-Bepcus).
ABTOMaTH3UPOBAaHHBI pacdyeT TpPyOONpPOBONHBIX CHCTEM HEPTEXUMHUYECKHUX U
HedTenepepadaTHBAIOMNX IPOM3BOJCTB HA CTATUYECKYIO U IUKINYECKYI0 IPOYHOCTh U
Ha BHOponpoyHocTh ¢ TpeboBanusiMu PTM 38.001-94. OOuiee omucanue KOMILIEKCA.
M., HULI Cta/IuO, 1999 r.

71. Komrurekc porpamMmm ACTPA-ADC-2001 (Windows-sepcust).
ABTOMaTH3MPOBaHHBI pacdeT Tpy6onpoBogHbIX cucTeM ADC Ha CTaTUYECKYIO U
LOUKJIMYECKYI0 TPOYHOCTh, HA CEHCMUYECKHe BO3JICHCTBHS, Ha BHOPONPOYHOCTH H
HEYCTaHOBHBIINECS JAUHAMUYECKUE IPOLECCH B COOTBETCTBHHU C TpeboBanmsiMu Hopwm
ITHAD I'-7-002—-86. O6iuee onucanue komimiekca. M., HUIL Cra/luO, 2001 r.

72. Kommieke mporpamm  ACTPA-HE®TEXHNM-2001 (Windows-Bepcus).
ABTOMaTH3MPOBAaHHBI pacuyeT TpyOONPOBOMHBIX CHCTEM HEPTEXUMHUYECKUX U
HedTenepepadaTHBAIOMNX IPOM3BOJCTB HAa CTATHYSCKYIO U IUKINYECKYI0 IPOYHOCTh U
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Ha BuOponpouHocTs ¢ TpeboBanusmu PTM 38.001-94. Obuiee onucaHue KOMILIEKCA.
M., HUIT CtaluO, 2001 T.

73. Kommreke IpOrpamMM ACTPA-T3C-2001 (Windows-Bepcus).
ABTOMAaTH3MPOBAHHBIN pacdeT TPYOOIPOBOIOB Mapa U ropsyei BOAbI HA CTATUYECKYIO U
IUKJIMYECKYIO NIPOYHOCTh, HA CEHCMMYECKHE BO3JEHCTBUA U Ha BUOPOIPOYHOCTH B
cootBercTBHU ¢ TpeboBanusimu Hopm PIT 10-249-98. OGiuee onucanue Komiiekca, M.,
HUIT CtraluO, 2001 r.

74. Kommureke TporpaMMm CTAONO (Bepcun
6.10/99/2001/2003/2005/2007/2009/2011/2013).  Pemienne  MeTOgaMH  KOHEYHBIX
SJIEMEHTOB U CYTIEPAJIEMEHTOB JIMHEWHBIX M HEJTMHEWHBIX 3a/1a4 TEOPHH IOJISI, CTATHKH,
YCTOHYUBOCTH, AMHAMHKH, MEXaHUKH Pa3pyLICHUS M ONTUMH3AILUN POCTPAHCTBEHHBIX
KOMOMHUPOBAHHBEIX cucTeM. OOIee onucanue, BepU(YUKAIMOHHBIA OTYET, HHCTPYKIIHA
nonk3oBarens. M., HUL] Cralu0O. 1993 — 2015 rr.

75. “CemeiictBo” mporpammubix komiuiekcoB ACTPA-HOBA’2017. ACTPA-
CTAIMO’2015.  YTOuHEHHBIH  pacyeT  TEMIEpPaTypHOr0O U HANpPsDKEHHO-
ne(opMHPOBaHHOTO COCTOSTHHS (10 MPOCTPAHCTBEHHO-OOOJIOYEYHBIM H  OOBEMHBIM
cxemam MKD), craTHueckod, HUKINYECKOH M CEHCMUYECKOW NPOYHOCTH JeTajiei
TpyOompoBogoB. O6miee onucanue. Ceanc padoter. M., HULL Cta/lu0O, 2003 — 2017 rr.

76. “CemeiictB0”  mporpamMmubix  komiuiekcoB ~ ACTPA-HOBA’2017.
ABTOMATH3UPOBAaHHOE TIPOCKTUPOBAaHHE M pPACUeThl TPyOONPOBOMHBIX CHCTEM Ha
CTaTHYECKYI0 U IHKIMYECKYI0 IPOYHOCTb, Ha CEHCMHYECKHE BO3JCHCTBHA,
BUOPONPOYHOCTh U HEYCTAHOBHBIIMECS JHHAMHUYECKHE TPOIECCHl B COOTBETCTBHU C
POCCHIICKUMH HOpMAaTHBHBIMU TpeOoBanusmu. OOmee omucanue. M., 3A0 HUI]
Cra/luO, 2003 — 2017 rr.

77. “CemeiictBo”  mporpamMMmHbix  KomiuiekcoB ~ ACTPA-HOBA2017.
ABTOMATH3UPOBAaHHOE IPOEKTUPOBAHHE M PACUEThl TPYyOONPOBOIHBIX CHUCTEM Ha
CTaTHYECKYI0 W IHKIMYECKYI0 TIPOYHOCTh, Ha CEHCMHYECKHe BO3ICHCTBHS,
BUOPOIPOUHOCTh U HEYCTAaHOBHUBIIMECS JUHAMUYECKHE INPOLECCHl B COOTBETCTBHU C
POCCHIICKUMH HOpMaTHBHBIMH TpeOoBaHHusMHU. CeaHc paboThl ¢ kKomIuiekcoM. M., 3A0
HUII CraluO, 2003 — 2017 rr.

78. Kommuiekc nporpamm ACTPA-ADC.

— Bepcust ACTPA-ADC 6.1. Bepuduxanuonssiii otuer. M., HUI[ CraluO,

1992 — 1995 rr.

— Bepcus ACTPA-ADC'2009. Bepuduxaunonnsiii ordyer (4 toma). M., HULJ

Cra/luO, 2009 — 2011 rr.

79. CpaBOYHUK IPOEKTHpOBINUKA. IIpoekTupoBaHue TemioBbix cereit. Ilox
pen. A.A.HukonaeBa. M., 1965 r.

80. 3BeprkoB b.B., Kocroeuxuii J[.JI. u np. Pacuer u koHCTpyHpoBaHHE
Tpy6onpoBonoB. CripaBounoe nocobue. Jlenunrpaa. Mammnocrpoenue. 1979 r.

81. AiinObunnep A.b., Kamepmreiin A.I. Pacuer  MaructpaibHBIX
TpyOONPOBOAOB HAa NPOYHOCTH U ycToHunBOCTh. M., Henpa, 1982 r.

82. Camapun AA. Bubparun TpyOONPOBOIOB JSHEPreTUYECKUX
TpyOOIIPOBOIOB U METOJIbI UX ycTpaHeHus. M., Dueprus, 1979 r.

83. Marayiu¢d B.S., [anupo E.E. IIporpamma pacyera mpPOYHOCTH W
xkectkocTu Tpyodonposonos (CTAPT). MexorpacineBoil (oHA aIropuTMOB U IPOrPaMMm
aBTOMATH3MPOBAHHBIX cucTeM B ctpoutensctBe. M., ITHUUIIPOEKT, 1986 r., Bpm. 1-
225-1.
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84. DIGITAL Visual Fortran Version 6.0 Copyright ©1997 — 1998, DIGITAL
Equipment Corporation. Intel Visual Fortran Version 11.1 Copyright © 2006 — 2009.

85. bare K., Buncon E. UunciaeHHble MeTOABI aHaaW3a M METOJ KOHEYHBIX
anemenToB. M., Ctpoitn3aar, 1982 r.

86. [Mapmerr b. Cummerpuunas mpoOiemMa COOCTBEHHBIX — 3HAYCHHH.
Uucnennsie Mmetoasl. M., Mup, 1983 r.

87. benocrorkuit A.M. Moaudukanus 1 NIpUMEHEHHE YHCICHHBIX METOJI0B K
pacderaM IUTUTHO-OOOJIOYEUHBIX CHCTEM Ha celicMHYecKue Bo3leHcTBHA. B KH.
“JlnHaMUYEeCKHe  XapaKTepUCTUKW M  KoJeOaHWs  3JIEMEHTOB  SHEPreTHYECKOro
obopynosanus”. M., Hayka, 1980 r., c. 41-58.

88. benocronknii A.M. VYmpyruil pacueT CcBapHBIX U ILITaMIIOBAHHBIX
TPOWHHKOB Ha TPOM3BOJIbHBIE CTaTHYecKMe Harpy3ku. — CO. Hay4HBIX TpYJOB
BHUIINHedTH: “ABTOMATH3UPOBAHHOE IPOEKTUPOBAHUE TPYOONPOBOAHBIX CUCTEM
HedTenepepabaTbBaONX U HepTexumuueckux mpousoacts”, [THUUTDuHepTexum,
M, 1982 ., c. 121-131.

89. Benmocroukuii  A.M., Manseun B.Il., Jlukapee AM. wu jp.
OKCIIEpUMEHTANbHBIE M YHCJICHHBIC HCCIICJOBAHHMS  HANPSHKEHHOTO  COCTOSHHS
TPOMHUKOBBIX COCIMHCHUI TPH JIEHCTBUH MOMEHTHBIX Harpy3ok. — CO.tpynos MUCHU
um.B.B.Kyii0Opiera, 1982 r., Ne 188, c. 35-49.

90. Benmocroukuii  A.M., TomoBun B.B., ®pankun b.B. HWccnenosanue
HAIpPsHKEHHOTO COCTOSIHUS U pa3paboTKa MHKEHEPHOW METOJMKH pacyeTa Ha MPOYHOCTh
TPOIMHMUKOBBIX COECIMHEHUH TMpH JEHCTBUM TIIOJHOW CHCTEMBl KBa3HUCTATHUECKUX
Harpy3ok. — “Bonpocel atTomHO# Hayku u TexHukn”. Cepus: Pu3nKa U TEXHUKA SAEPHBIX
peaktopos, 1985 r., BrIm. 6, c. 76-83.

91. benocronkuii A.M., Bamypos E.A., Boponosa I'.A., Sky6osuu H.U.
ABTOMaTH3MpPOBAaHHBIN pacyeT Ha MPOYHOCTH TPYOONPOBOIHBIX CHCTEM C YYETOM
OUHAMHYECKUX BO3IercTBuiA. — “Bompocsr atomHol Haykn u TexHukn . Cepusi: Ouznka
U TeXHHKa SIePHBIX peakTopos, 1985 r., Beim. 6, c. 33-38.

92. Benocroukuii A.M., Kupunos A.I1., Ipynosckuit A.M. u np. U3ydenue
BuOpauu TpyoonpoBogoB copoca napa Ha ADC U OLEHKU UX JOJITOBEYHOCTH. Tspxenoe
MammHocTpoenue, M., 1990 r., Ne 10, c. 28-31.

93. Benocroukuii  A.M. IIpocTpaHCTBEHHOE  HANpPSHKEHHOE  COCTOSHHE
OPTOTOHAJIBHBIX TPOWHUKOBBIX COEJUHEHHH pa3IMYHBIX THUIIOB IIPH KOMIUIEKCHOM
HarpyXeHuu. Marepuansl ceMuHapa Kadeapel CONPOTHUBIICHHS  MaTepHaJOB
Poccuiickoro yHHBepcuTeTa IpyXObl HapomoB. MccienoBaHue NPOCTPAHCTBEHHBIX
cucreM. M., 1996 r., c. 55-60.

94. Benocroukuii  A.M.  UucieHHOE  MOJECIMPOBAHHE  KOMIUIEKCHOTO
HalpsDKEHHO-e(OPMUPOBAHHOTO  COCTOSHMS ~ KOHCTPYKIMH W COOpYXKEHHH
9HEepreTHuecKkux o0bekToB. “THapoTexHuyeckoe cTpouTenbctBo”, 1999 r., Ne 8, c. 45-
54,

95. Benocroukuii  A.M., bensiii  M.B., Tlmuyrun J[.B. Yucnennoe
HCCIIeIOBAaHNE AJITOPUTMA pacyeTa YINPYrHX CUCTEM HpPU ydyeTe KOHTAKTHOIO TPEHMA. —
Bonpock! npukiagHOi MaTeMaTUKU M BBIYUCIUTEIbHON MexaHUKH. CO. Hay4YHBIX TPYIOB
MI'CY, M, 1999 ., c. 68-78.

96. benocroknii  A.M., BoponoBa I'.A., Iloramenko A.JI. “CemeiicTB0”
porpaMm ACTPA-HOBA TUTSE aBTOMATH3MPOBAHHBIX HOPMaTHBHO
periIaMeHTHPOBAaHHBIX PAacyeTOB Ha HPOYHOCTh TPYOONPOBOIHBIX CHUCTEM AaTOMHBIX H
TEIUIOBBIX ~ YCTAHOBOK M  HeTeXHMMHUYeCKuX  mnpousBoactB. Tpyaer  XVIII
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MexnaynaponHoit koHpepeHiu “MaremMaTHdeckoe MOJEIMPOBAHHE B MeEXaHHKE
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Bepudukaius anroputma Kpeiira-bemnrona B nporpamMubix komruiekcax CTAJIMO u
ACTPA-HOBA. Tpynst XXII MexayHaponHoit koHpepeHuuu “MareMaTuueckoe
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A3C
AJY
rm
r

K

JCM

M

MK?3
MITA

MP3

Hpnioxenne 1. OcHOBHBIE YCI0BHBIC 0003HAYCHUS H COKPAIlCHUSI

— aTOMHas AJIEKTPOCTAHIIMS
— aTOMHBIE YHEPIreTUYECKUE YCTAHOBKH

— TUPO(ITHEBMO) HCIIBITAHUS

— rurabaiit

— KWI00alT

— JIMHEWHO-CIEKTPaIbHbIA METO

— MerabaiT

— METOJ KOHEUHBIX HJIEMEHTOB

— MaKCHUMaJbHasl IPOEKTHAsI aBapHs

— MakcHMaibHOE pacueTHoe 3emierpsicernue (1 pa3 B 10000 xer)

II9BM - nepconansusie |BM-coBmecTimeie DBM
Windows 98, ME, NT, 2000, XP, Vista, 7 — oneparmontsie cucremsl st [IIDBM

HJC

— HanpsHKEHHO-JIe(OPMUPOBAHHOE COCTOSIHUE

Hopmer TTHAD I'-7-002-86 — Hopwmbl pacuera Ha MPOYHOCTH OOOpYIOBaHHS W

HH3
H3

Mrc
TIH

TpyOomporogoB ADY. [THAD I'-7-002-86.

— HapyllIeHHe HOPMAIBHBIX YCIOBHU 3KCIUTyaTanuu (IUis TpyOOIPOBOIOB
A3Y)

— HOpPMaJIbHBIE YCIOBHUS SKCILTyaTaluu (i TpyoonpoBogoB ADY, mapa u
ropsiaeit BOIbI)

— MPOMBIIUICHHOE U TPaXKJAHCKOE CTPOUTENBCTBO

— TOCTOSIHHBIE W JUJIMTENIbHBIC HArpy3kd (HeTeXumus, TEIIOCETH WU
MaruCcTpaIbHbIE TPYOOIIPOBOIHI)

IIIK(OH) — mnocrosiHHBIE, IIUTEIBHBIC, KPATKOBPEMEHHBIE M OCOOBIE HArpy3KH

3
K

(HedTexrMus, TEIUIOCETH U MAarucTpaibHbIe TPYOOIPOBOIbI)
— IPOEKTHOE 3eMIeTpsicenue (mosropsemMocts 1 pa3 B 100 set)
— MPOTrPaMMHBIIH KOMILIEKC

I'OCT - mexrocyaapCTBEHHBIN CTaHAAPT

PTM
Pll

CAIIP
CHull

c1
Cco

CoOM

T3C
TC

3BM

CcHu
crce
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— PYKOBOJSIINE TEXHUICCKAC MATCPUAITBI
— PYKOBOJSIINIA JOKYMCHT

— CHCTeMa aBTOMaTH3UPOBAHHOTO MTPOSKTHPOBAHMUS
— CTPOUTENFHBIC HOPMEI U TIPaBUIIA

— CBOJI TIPaBHJI

— CyIEpIJIEMEHT

— CyIepaIJIEeMEHTHAsI MOJICIb

— TEIUIOBast AJIEKTPOCTAHIIUSI

— TpyOoOIpoBOIHAS CHCTEMA

— 3JICKTPOHHASI BEIYMCIIMTENbHASL MAIInHA

EnuHunbl u3MepeHus (MCXOAHbIe JaHHbIE U Pe3yJbTAThl)

— MM, paf, ¢, MIla, kH/m, kH, kH-&m, m, ', pan/c
— cM, paf, C, Kkr/em?, Kr/ewm, Kr, kr-aem, [, pan/c
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OTpaciieBble KOMILTIEKCHI ceMmeiictBa ACTPA-HOBA’2017

ACTPA-AI3C — TTHAD T'-7-002—-86. HopmMbl pacueTa Ha NPOYHOCTb 000OPYJOBaHHUS U
TpyOOIIPOBOZOB aTOMHBIX JHEPreTHUYECKHX YCTAHOBOK (B JIONOJHEHHE — OLEHKa
TepPMETHYHOCTH (PJIAHLEBBIX COCJWHEHUH, pacyeT HampsHKEHUH W TMPOYHOCTH
“HEHOPMaJIN30BAHHBIX” JINH30BBIX ¥ CHIIL()OHHBIX KOMIIEHCATOPOB).

ACTPA-T3C - P]1 10-249-98. Hopmsbl pacyera Ha IPOYHOCTH CTAIIMOHAPHBIX KOTJIOB
U TpyOOIPOBOJIOB Mapa u ropsiueit Boasl (1. 5.2, m. 10, m. 11).

ACTPA-HE®TEXHUM — PTM 38.001-94. Vka3aHus mo pacueTy Ha HOPOYHOCTb U
BHOpannio TEXHOJOTMYECKHX CTalbHBIX TpybompoBogoB, ['OCT 32388-2013.
Tpy6onpoBonsl TexHonormdeckune. HopMbl M MeTOABI pacueTa Ha MPOYHOCTS,
BHOPAITUIO U CEIICMUYECKHEe BO3ICHCTBHS.

ACTPA-TEIUVIOCETh - PJ]I 10-400-01. Hopmbl pacduera Ha MOPOYHOCTH
TpyOOIIPOBOAOB TEIUIOBBIX CeTell (C KOPPEKTHPOBKOH psilia HECTpOrux Qopmyd,
BBEJICHHEM pacueTa HanpshKeHHH B KOCBIX CTBIKax W Mepexojax, a JUIi MOJ3EMHBIX
TpyOOIIPOBOAOB OecKaHaJIbHOW MPOKJIAJKA — M 10 Y4YeTy KOMIICHCHUPYIOUIHNX
noxymrek), [OCT P 55596-2013. Ceru terutoBbie. HopMbl ¥ MeTonpl pacuera Ha
MIPOYHOCTD U CEHCMHUYECKHE BO3ICHCTBUSI.

ACTPA-MATHCTP — CHull 2.05.06-85. Maructpansisie Tpyoomnposossi, CII
36.13330.2012 MarucTpanpHble TpyOONpOBOABI. AKTyalH3UPOBAaHHAs peNaKiys
CHuII 2.05.06-85*. (c HeoOXoauMOi aBTOPCKOH MOpabOTKOM B YacTH pacyeTHOH
OLIEHKH MPOYHOCTH OTBOAOB, CTHIKOB M TPOMHUKOB, CEHCMUYECKUX M AMHAMUIECKUX
pacueroB). T'OCT P 55989-2014. MaructpansHsle ra3ompoBoabl. Hopwel
npoexTupoBanns Ha nasieHue cBeime 10 Mlla. OcuHoBuble TpeOoBanms. [OCT P
55990-2014. Mecropoxnenuss HedTsiHBIe U ra3oHedTsHble. [IpombIicioBbIe
TpyOorpoBoabl. HOpMBI IpOEKTHPOBAHHSI.

ACTPA-CBJ — TOCT P 55600-2013. TpyOb!1 u aeranu TpyOOIpPOBOJOB Ha JaBJICHHUE
cebie 100 1o 320 MITa. Hopmer 1 MeTop! pacuéra Ha npounocts. P/ PTM 26-01-
44-78. Jleranu TpyOompoBomoB Ha maeineHue cBbime 10 mo 100 MIla. Hopmel u
METO/Ibl pacuéra Ha IPOYHOCTb.

ACTPA-CYAIIPOM — P/15P.4322-86. TpyOompoBoas! cyjoBbIe. MeTOIMKa pacyeToB
Ha CTaTMYECKyl0 M MaJOLMKIOBYI0 Tnpo4yHocTs. PJI5P.5137-73. dnannessle
COC/IMHEHUS CY/IOBBIX TPyOOIPOBOMOB M CHUCTEM. MeToanKka M HOPMBI pacuéra Ha
MIPOYHOCTH M IUIOTHOCTD.

IIporpammel “cemeiicTBa” kommiiekcoB ACTPA-HOBA’2021

ACTPA-/IETAJIb — mporpaMMa pacdera IO BEIOOPY OCHOBHBIX pa3MEpOB
JleTaJIeH.

IIPE-ACTPA — muanoroBeiii  Windows-mpenponieccop Ui 3agaHus U
Bepu(UKaLUK pacueTHOH MoJienH TpyOOopoBoIa.

ACTPA-CTAL] — I[porpaMma pacyera Ha CTaTUYECKYI0 U LUKIUYECKYIO
IIPOYHOCTb.
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ACTPA-®OPM
ACTPA-CEHCM
ACTPA-BUBP
ACTPA-THH
IOCT-ACTPA

ACTPA-CTAJHO

154

— [porpaMma pacyera COOCTBEHHBIX 4YacToT U (opMm
KosieOaHuH.

— IIporpaMma pacueTa Ha CeiCMHYECKHe BO3IECHCTBUS.

— TIporpaMma pacdera Ha BUOPOIIPOYHOCTb.

— TporpaMMa pacyeTa Ha HeyCTaHOBHBILIHECS IUHAMUYECKUE
MPOLIECCHI.

— nuanoroeeiii Windows-mocTmpoueccop 1isi BU3yaln3aluu
U TIOCTPOEHUS TaOJINI] pe3yNIbTaToOB pacueTa.

— TOJCHCTeMa YTOYHEHHOTO pacdera TeMIIepaTypHOTO H
HaIpspKeHHO-1e()OPMUPOBAHHOTO  COCTOSIHUS, CTaTHYECKOH,
UKJIMYECKOH W CEHCMHYECKOH TPOYHOCTH 3IIEMEHTOB-
JeTaneil TpyOOmpoOBOAOB TNpH ICHCTBUH MOJIHONH CHCTEMBI
KBa3UCTATHYECKHUX U CEHCMUYECKHUX HArpy30K.

HUIL CtaluO
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Ipunioxenne 2. AJIrOpuTM CTATHYECKOr0 pacuyeTa TPyOONPOBOIHBIX CHCTEM
(amantupoBanssie hparments PTM 108.020.01-75)

1. IlpeaBapurte/bHbIe 3aMeYaAHUA

1.1. Uznaraemblii  airopuT™M  pacuera  TpyOONPOBOAHBIX  CHCTEM
OCHOBBIBAETCS Ha CIIEIIMAIIEHOM METOJIE PACKPBITHS CTATUYECKOH HEOINpeeJIeHHOCTH,
a UMEHHO Ha METO/Ie TIPOTOHKH B COYETaHUH C METOJIOM IepEeMeIleHHH U HadallbHbIX
napamerpoB. IlonoxuTenpHBIE OCOOCHHOCTH €ro — MPOCTas JIOTHYECKas cXeMma H
BBICOKAas BBIYMCIHUTENbHAs HAJEKHOCTb, T.e. clabas YyBCTBUTENBHOCTh K
TIOTPEITHOCTH OKPYTIICHUSL.

1.2. Anroput™ u3znaraeTcs NPHUMEHHUTENFHO K OXHOMY (Jr00oMy) atamy
MOJTHOTO pacdera TPyOOIpPOBOMHON CHCTEMBI. lIpH 3TOM MCHONB3yeTcsT MaTPUYIHBII
ammapaT, 4To AeJaeT aJlrOpUTM yHOOHBIM JUIA mporpaMmupoBanus. IIpumeHnstorcs
KBaJIpaTHBIC MATPHUIBI 6x6 U 3x3 U MaTPHULIBI-CTOIOIBI (BEKTOPHI) 6x1.

1.3. VYuuThBalOTCS NPOMEXKYTOYHBIE YIPyTrHe OHOpbl (B TOM YHCIE
NpPY>XKUHHBIE TIOABECKH). B mpakTHueckux pacuyerax TpyOONpPOBOJOB MO JAaHHOMY
QITOPUTMY OIOPBI C OECKOHEYHOH MKECTKOCTHIO MOXHO YYHTBHIBaTh IO CIIOCOOY
3aMEHbI UX YIPYTUMHU OnopamMu (YOPYTHMH CBSI3SIMH) OY€Hb OOJIBIION KECTKOCTH.

2. TepMUHBI 1 0003HAYEHUS

2.1. Tlom mpybonposoonoi cucmemoli TIOHNMAeTCS pPa3BETBICHHBIN
TpyOOIIPOBOA, KOHIIBI KOTOPOTO 3aIEMJICHBI.

2.2. Toukn, B KOTOPBIX JIMHUS TPYOONpPOBOJIA Pa3BETBIACTCS, HAa3BIBAIOTCS
yanogoimu (yanamu).

2.3. Vuacmox — 4YacTh JUHUM TPYyOONPOBOJIHOW CHCTEMBI, 3aKIIOYCHHAS
MEX/1y CMEXHBIMU y3J1aMU (B TOM 4HUCIIe, TPOHHUKOBBIMH).

2.4, Kaxnplif y4acTOK COCTOUT U3 ompeskos  (npamonuneuHwix,
KpueonuHelinvix).  I'paHUIIaMM ~ OTPE3KOB  SIBJIIIOTCA:  TOYKA  COMPSIKEHUS
MPSIMOJIMHEHHOW TpyOBl C KPUBOJIMHEWHOW; MECTO TPHJIOXKEHUsS BHEIIHEH
COCPEJIOTOUEHHON HAarpy3Kd; MECTO YCTaHOBKM IIPOMEXYTOUHON OIOpBI; MECTO
CONPSDKEHHS TPYO, MMEIOIMX Pa3IMYHbIE Pa3Mephl MMONEPEYHOTO CEYCHHS; CeUeHHeE,
rzie TpedyeTcst OIpeNeNIuTh HAPSHKEHUS WIIH TIEpEMEIIICHNSI.

2.5. Ilponem — 4YacTb yd4acTKa, COCTOSIas M3 HECKOJBKHX OTPE3KOB (HE
MEHEe JIByX) M 3aKJI0UEHHAs! MEXIY ABYMS CMEXHBIMU IPOMEXYTOYHBIMH OTIOPaMH
WM y3II0M U OMDKaiieii mpoMexkyTOYHOH OTIopoii.

2.6. Ysme wmymepytorcs 1,2,3,..,N, mpuuem nocnemoBarensHocTs
HyMepamnud MOXeT OBITh TF000#. 3amemieHHble KOHIBI TPyOOIPOBOIHOW CHCTEMBI

o6o3nauvarorcss N+1, N +2,....

2.7. Touku peneHusl ydacTka Ha OTpe3kdn oOosHavatorcss umcmamu 0, 1,
2,...01pe30K 0003HAYACTCSI YHCIIOM, OTMEUAIOIINM €r0 KOHEYHYI0 TOYKY (st oTpeska i-
(i+1) koneunoit mouxoti snsiercs i+1).
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2.8. VYuacrox oO0o3HadaeTcs JByMs 4YMCIIAaMH C 4YepTOil HaBepxy,
OTMEYAIOIMMHK ero KOHIBL Tak, y4acTku TPyOOIPOBOJHON CHCTEMbI 0003HAYAIOTCS

]_. - i, I —1_2, ]_. —Z uT.nAa. HepBoe YHUCJIIO0 COOTBETCTBYCT KOHILY Y4aCTKa, OT KOTOPOIo

BEJIETCSl HyMmepallusl TOUEK JeJICHUsI Ha OTpe3KHu (HayaJbHOE CEUeHHME Y4YacTKa). ITO
YHCIIO JOJDKHO OBITh MEHBIIIE YUCIIA, OTMEUYAFOIIET0 KOHEYHOE CEYCHUE YIaCTKA.

3. KoopauHaThI CHCTEMBI

3.1. Hcnome3yroTcs npagocmopoHHue oOIas M MECTHAs OPTOrOHAIIbHBIC
KOOpAWHATHBIC CHUCTeMBI. B 00LIel KOOpAWHATHOW CHCTEME (X1XpX3) ONMPEACIISIOTCS
KOOPAMHATHl TOYCK IEJNEHHS y4YacTKOB Ha OTpe3KH. MecTHas cucreMa KOOpAWHAT
(X1 X2 X3) MCTIONB3yeTcss TIPH ydeTe MOHTAKHOW DACTSKKM M TPH ONpE/IeeHUH
MTOJIO’KEHHSI OOKOBOTO OTBEPCTHS B TpyOe.

3.2. Hawano o6weii KOOpAWHATHOW CHUCTEMBI MOXKHO pacrojaratb B
NPUHIUIE B JII000# Touke npocTpancTBa. OCh X3 HANPABISETCS BEPTUKAIBLHO BBEPX.

3.3. Hauano mecmmuoii KOOpANHATHON CHCTEMBI pacrojaraeTcs B KOHEUHOMH
TOYKE OTpe3Ka.

B IpAMONMHEIHOM OTpe3Ke OCh X3 HANPABIAETCS BIOMb OTPE3Ka B CTOPOHY
OT cedeHus i-1 K CEUEeHMIO i; OCh X; PACMONAraeTCs MapaiiebHO MIOCKOCTH XX
HaIlpaBJieHHEe ee¢ BBIOMPAETCsl B TaKylI0 CTOPOHY, YTOOBI KOCHHYC YIJIa MEXIy 3TOH
OCBIO M OCBIO X1 00IIEiT CHCTEMBI OBUT TIOJIOKUTEIEHBIM.

Pacriosnoxenne MeCTHO KOOPMHATHON CHCTEMbI KPHBOJIMHEHHOTO OTpe3Ka:
OCh X3 HANpABIIAETCA TI0 XOPJE B CTOPOHY CEUeHHs i-1 K CEUEHHIO i; OCh X, IEKHT B
IUIOCKOCTH KPUBOJIMHEITHOTO OTpe3Ka W HalpaBieHa 10 MEePIeHIUKYPY K XOple B
CTOPOHY BBIITYKJIOCTH OTpE3Ka.

3.4. B nanbueiilieM OyKBEHHbIC OO0O3HAUCHHS BEJIMYHMH, OTHECCHHBIX K
MECTHOM cucreme ix; 'X2'X3 ', CHA0XKAFOTCS IIITPUXOM.

3.5. bByzer wucrnonb30BaThCs TAKKE IPABOCTOPOHHSS  OPTOTOHANbHAS
NOOBUCHAS KOOPIMHATHAS CHCTEMa SX; Xp X3 ¢ HAYaloM B TeKyluel Touke S ocu
TpyGOIpoBOIa. B KpHBONMHEIHOM OTpe3Ke OCh X3 HAMpaBieHA MO KACATENbHOH B
CTOPOHY OT CedeHHs i-1 K CEYeHHIO i; OCh X, — IO PaJUyCy B CTOPOHY BBITYKIOCTH
OTpe3Ka.

B NpsMOTMHEHHOM OTpe3Ke HANpaBJICHHS OCEH Xi , Xp . X3 COBIAJAIOT C
HATPABICHUSAMH OCEH X1 , X2 , X3 COOTBETCTBEHHO.

3.6. BykBeHHble 0003HA4YeHUS BEIWYHMH, OTHECCHHBIX K IIOABIDKHON
KOOPAWHATHOW CUCTEME, TOTOJIHSIOTCS IBYMS IITPHXAMH.

4. Ucxonnble faHHbIE JJI1 pacyeTa Tpydonposoaa

4.1. Inst npoMeXKyTOYHBIX TOUEK (CEUSHMH) KaXKIO0ro y4acTKa 3a/latoTcs:
a) s kaxaoi Touku 0, 1, 2,... JesieHus Ha OTPE3KU:
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X, , CM
179

X om KOOPJIUHATHI B OOITIEH KOOPIUHATHON CUCTEME X1X2X3
2 [IeHTpa TIONEePEYHOr0 CEYEHHS;

Xy, CM

0) IOMONHUTENBHO, OIS KaXIOW TOYKM B CEpeAnHE KPUBOJIMHEHHOTO
oTpe3Ka:

R, cm — paanyc KpUBU3HBI IIEHTPAJIBHOM OCH;

B) JUISI HEKOTOPBIX MIPOMEKYTOUHBIX TOUEK:

e, kecl cm
’KECTKOCTH OTOPBI CKOJIBKEHHS HITH
€59, k2cl cm N .
HAIPABIISOLIEH OMOPBI [0 OCSM X1XX3;
33, kecl em

€4, kec-eml pao

ess, kec-em | pao

g6, KeC-cm | pao

R, kec
P,, kec MPOEKIIUH BEKTOPA COCPENOTOYCHHOMN CHIIBI U
P, K2c MOMEHTA Ha OCH X1XoX3;
Py, kec-cm

Py, xec-cm

Py, kec-cm

P;,, Kec — Harpy3Ka Npy>KUHHOM MOJIBECKH;

K, kec/cm — KeCTKOCTD TIPYKHHHO#M TIOIBECKH;

L, cm — pabodast miHa IPY>KUHHOHN TTOABECKH;

T) U OJHOM TOYKH (HE COBIAMAOMICH ¢ KOHIIOM IPOJIETA):

HpOCKHI/II/I BeKTOpa l'IOCTyl'[aTeJ'[BHOFO HepeMeH_[eHI/Iﬂ
. HayajgpHOrO ceueHusi (i+1)-To oOTpe3ka OTHOCHUTENHHO
Oy, M KOHEYHOTO CCUYCHHUs I-TO OTpe3Ka, BO3HHKAOIIETO IPH
BBIMOJHEHUH MOHT@KHOM PAacTSHKKA B CEYCHHH I, HA OCH
MECTHOM CUCTEMBI KOOPAUHAT IX1X2X3;

01, cm

03, CM

4.2. JInst KaXKJ0ro OTpe3Ka 3a1atoTCs:

2
P, kec/cM” — BHYTpEHHee U30bITOYHOE JIaBIICHHE;
S, 1/°C — ko3dduIreHT TMHEHHOTO PaCIIHPEHHUS;

q,,xecl em
q,,xecl cu UHTEHCUBHOCTb PACIpeNeNeHHON HArpy3KH 0 0CAM
27 i
/ X1,X2,X3,
q,,xecl cm

t,,°C — Temneparypa HarpeBa;
D., cm — Hapy>KHBIA AHaMeTp;
S,, CM — TONIIMHA CTEHKH;
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*
¢, cM — yTOHEHHUE CTEHKU;
E, kec/cm® — MOJTyITb YIIPYTOCTH;
v — koadduument [Tyaccona;

Ul, M

U2,CM

Us, cu MIPOEKITNH BEKTOpa IepeMEeIeHUs
Uy, pao 3aleMJIEHHOr0 KOHIIA.

Us, pao

Ug, pao

5. Pacyer oTpe3koB

5.1. MaTpuna noBopoTa /iJisi NpsIMOJHHEITHOT0 0Tpe3Ka

5.1.1. UcxonHble NaHHBIC: KOOPAMHATHI B CHUCTEME X1XpX3 KOHIIOB i-1, i
oTpe3Ka.

5.1.2. Matpwuia moBopoTa

o= 0 A, )
Tae:
cosX, sinx, O
o, =-sinX; cosX, Of; )
0 0 1
1 0 0
a, =10 cosé& siné | 3)
0 -siné cosé

3n1ech B 0003HAUECHUSIX YIJIOB, a Jlanee B 00O3HAYCHUSIX W JAPYIMX BEIWUYHH
WHJCKC I, OTMEUYarOLIMii HOMep OTpe3Ka, Ul COKPAIICHHUS 3alHCH OMYILCH.
B npuBenennsix popmynax:

r
xrl +1r,
r
Sin Ry =4 ————;
\rl +1,
r
cosé =2
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. 1 .
sin&, =—=(-r,sin X, +1, COS X,),
L

rae:

n=xP—x{?  (j=123);

(4)

B ¢opmyne mia Sin X, Oepercs 3HAK IUTIOC, €CIHU 1 M I, MUMEIOT pasHbIE
3HAKH, ¥ 3HaK MHHYC — B IPOTUBHOM CIIy4ae.
B cayuae r;=r,=0 npunumaercst COS X, =1, sin Xy = 0, a B ciyuae 1,20,

r,=0 BbruncaeHns Sin X3 u COS X, ciemyeT NpOM3BOIMTE MO 00mMUM (opMmyaM,

NIPUITUCHIBas 3HAUCHUIO =0 3HaK MHUHYC.

5.2. MaTpuna noBopoTa /UIsi KpMBOJHHEITHOI 0 0Tpe3Ka

5.2.1. UcxonHble AaHHBIE: KOOPAWMHATHI B KOOPAMHATHON CHUCTEME X1XoX3
KOHIIOB i-1, | KpPHBONMHEHHOrO OTpe3Ka H KOHI@ i-2 TMPEeIIIeCTBYOIIEro
NPSMOJIMHEWHOTO OTpe3Ka; pajnyc KPUBU3HbI R;.

5.2.2. Uckomas MaTpulia OBOpOTa

= 03 Q. (5)

Marpuisl i, Qpj omnpenensrorcs mis orpeska (i-1,) - i mo dopmyaam

mpsIMOJTHHEIHOTO oTpe3ka (2), (3), a

cosn, sinp, 0O

oy =|-sinf, cosn, 0.
0 0 1
31ech:
1 . .
3= < SIn X, +1, X3 1+1SING, |;
cos r, sin r, COS X, ) COS ry sin
v, Sin—
i-1 2
: 1 .
sinfp, =————(r, COS R, +1, SinX,),
H 1
v;_, Sin e
rIe.

n=xi—x2  (j=1273);
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H ‘9: b _ f3 (i) (i-1) \2
sin 2 - 2R| (Ui - ]_Z:l(xj Xj ) )1

rae 6 — yroia Mexay KpalHIMH CEUSHHUSIMH KPUBOJIMHEHHOTO OTPE3Ka.

5.3. OmnpenejieHHe KOOPAWHAT TOYEK H3JI0MAa BIHMCAHHOW JIOMAHOW,
3aMeHsI0LeH KPUBOJIMHEHHBIN 0TPEe30K

5.3.1. VcxongHple maHHBIE: KOOPAWHATHI B KOOPAMHATHON CHCTEME X1XpX3
KOHIIOB i-2, i-1, | 0Tpe3KOB; paanuyc KpUBH3HEI R;

5.3.2. Koopaunartst Touex u (1=1, 2,..., 2v~1) u3noma BIUCAHHOM JTOMaHOU B
CHCTEME X1X2X3 PABHBI

() )
Xl” Xl O
oll = A A
x| = X[ + e R, cos(Hﬂ—?')—cos?'.
. o A
x| lx® sin(@, ——)—sin—
3 3 ¢ 2 2

31ech @ — MaTpHLa, SBIAIOMIA’ACS TPAHCIOHWPOBAHHOW IO OTHOLICHHIO K
MaTpHIIE ¢, BEIYUCIAEMOH I JAHHOTO KPUBOJIMHEHHOTO OTpe3Ka 1mo popmyie (5).

*

Vron 7 BBIYUCIISICTCS U3 COOTHOIICHUS .

.0 v,
SIN— =——,
2 2R
UCIIOJI3YEMOTO [P OIPEIEICHUN MATPHUILIBI Cj.
o
Yron 6, :2—'y(y:1,2, 2v=1).
v

5.4. MaTpuna noJaTIuBOCTH JJIsl KOHEYHOI TOYKH 0Tpe3Ka

5.4.1. UcxonHbie maHHBIE: KOOPAWMHATHI B KOOPAMHATHON CHUCTEME X1X2X3
KOHIIOB OTpe3Ka (B cIy4ae KPUBOJIMHEHHOTO OTpe3Ka — KOOPAMHATHI KOHIIOB OTpe3Ka
BIIMCAaHHOHM JIOMaHOW); MOIYJib YNpyroctd F; HapyxXHbi auamerp TpyOsl Dy;
TOJIII[THA CTEHKU TPYOBI S,;.

5.4.2. Uckomas MaTpuIa:

a=DaD,
3nech II~)i — MaTpula, SBISIONIASACS TPAHCIIOHMPOBAHHOW IO OTHOLIGHUIO K
matpune D, ;
D, — marpuna 6x6, paBHas:
D, a, 0, :
0, «

3 i
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F+F F

3
F,F

5

a =

rae 03 — Matpuma 3x3;
@ — MaTpHIIa MOBOPOTa, BhuKciseMast o ¢popmyie (1);

F =Av;
1,k
==v w,;
3 B
1,k
= — . ,
2T B "
1 .
F4=EUZE_JPSCOZ’
F, =Buv;
31ecs.
1 00 010
o=010 @w=(-10 ;
0 0O 0 0O
K
2 P 0 0
or 0 ° =
2 k
A= — 0 |; B=| O o0 |,
GF EJ,
1 1
0 0 — 0 0 —
EF GJp
rue:

F=5,(D,-S,)

4 _ 4L
3 - 7D, 1- D, -2S, ;
64 D,

1,=23;
E

20-v)

(6)

()

(8)

@opMynbl NPUTOJHBI KaK Ul TNPSMOJMHEHHBIX OTPE3KOB, Tak U s
OTPE3KOB JIOMAHOW, 3aMEHSIOIEH KPUBOJIMHEHHBIM OTPE30K; pPa3HUIA TOJIBKO B TOM,

4TO B IepBOM citydae K, =1.

JmHa oTpe3ka BeraucisieTcs mo Gopmyie (4).
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[pumeyanne. B ciiydae KpUBOJIMHEHHOro OTpe3Ka pacyeT BENETCS JUli 3aMEHSIOLIMX
HPSMOJIMHEHHBIX OTPE3KOB, MPHUYEM BCE HCXOAHBIC 3HAYEHHS, KPOME KOOPAMHAT, COOTBETCTBYIOT
KPHBOJIMHEHHOMY OTpe3Ky B IenoM. Marpuna D; Bblumcnsiercs I 3aMEHSIOIIETO OTpe3ka, T.e. II0
KOOpP/MHATaM KOHIIOB 3TOI0 OTPE3Ka.

5.5. MaTpuna nepeMeleHnii Ha4aJILHOTO ceYeHHUsI OTPe3Ka BCJIeICTBHE
pacnpeae/ieHHbIX BO3AeHCTBHA M1 MOHTAKHON PACTIKKH

5.5.1. UcxonHble gaHHBIC: KOOPAMHATHI B CHCTEME X1XpX3 KOHIIOB OTpe3Ka i (B
Cllydae KpPHBOJIHMHEWHOTO OTpe3ka — KOOPJMHATHl KOHIIOB OTpe3Ka BIHCAHHOM
JIOMaHOi1); TeMIlepaTypa Harpesa t,; 3HaueHUsI IePEeMEIICHU TAaHHOTO CEYCHUS | IpH
MOHT@)XHOH pacTsHKKe; 3HaYeHHE HHTEHCHBHOCTH paclpelelieHHOH Harpy3Kd I
oTpe3ka; kodddumuenT nuHelHOTO pacmmpenus f, 3HaueHus E, v, G, Dy, S, msa

oTpesKa i.

Ipumeyanne. B ciiydae KpUBOJIMHEHHOro OTpe3Ka pacyeT BENETCS JUll 3aMEHSIOLIMX
HpﬂMOJ’IHHeﬁHBIX OTPE3KOB, IPHUYEM BCE€ MCXOOHBIC 3HAYCHUA, KPOME KOOPAWHAT, COOTBETCTBYIOT
KPHBOJIMHEHHOMY OTpe3Ky B IIEJIOM.

5.5.2. MckoMast MaTpuIia epeMenieHuii (ceuenus | orpeska i+1):
A4 =D,(4, +4,+6).
31ecs:

. F 0
Aiq _ 1 _ 2 3 qu,
F o,

rae:
( — MHTEHCHBHOCTD PaCIPE/ENCHHON HArpy3KH;
= 1
F =ZAv%;
2

*

' 1 3 kp .
, == ,;
6 EJ,
3HaveHus o, y, A, F, J,, onpeaenstorcs no popmyinam (6), (7), (8).
s npsiIMONTMHEMHBIX OTPE3KOB, HE 3AMEHSIOIIUX KPUBOJIMHEHHBIE, k; =1

Marpuua g uMeeT BUA;
g= {>< X X 000} (X — a7eMeHTBI, 3HAYEHUS] KOTOPBIX 3aal0TCs).

Marpuusl A, ¥ 5, UMEIOT 3HAYCHHS:

v P(D,-2s,)
E (Dj _(Du _2811)2)
é‘i' = {><><><OOO}.

Ay =| B0 {001000};

Martpumna D; paBHa:
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a, 0O
D, = ,
0 o
rJe o — MaTpuIla MOBOPOTa, BeIYKcasiemas o ¢popmysie (1).
5.6. Marpuua BHYTPEeHHHMX CHJI, BbI3bIBaeMBIX paclpeieeHHOI

HArpy3KoH
5.6.1. McxonaHble naHHBIE: KOOPIUHATHI B CHCTEME X1XpX3 KOHIIOB OTpE3Ka

(U1 KPUBOJIMHEHHOTO OTpe3Ka — KOOPIMHATHI KOHIIOB OTPe3Ka BIIMCAHHOM JIOMaHOH);
3HaYCHUE MHTCHCUBHOCTH PACIIPE/ICNICHHOI Harpy3Ky.
5.6.2. Uckomas maTpura (A1 KOHEIHOW TOYKH OTpe3Ka):

I3 03
172w, I,

3HaveHust BenmavH L, D, , g, @, npuBommmcs BeIE; |3 — equHMYHAas MaTprna 3x3.

V, =uh,

D.qg.

6. Pacuer npoJsera

6.1. OnpenesieHHe HEKOTOPBIX MATPHIL ITPoJIeTa

6.1.1. Onpeoensromes credyrouue mampuywvt (puc. 114.7):

a, =Gy,
pr :GJP’
b~
b, :_V:j+1G”"a"G”’ 9)
_ P .
C, = L:ZMGVP(VL +P);
b~
Cy = VZEJjAGpV[—aV(cH. -P )+Av]

mpu p=j+1, j+2,....k
IMocnenHor0  ¢GopMmyldy Npd  [POrPAMMHPOBAHHH  LEIECOOOpa3HoO
[PEJICTABUTH B BUJIE:

P~ v
c=3.6,]-a 6.V +R)+4 +aR |

B atux ¢popmynax:

rae:
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Pk
0 -rf
- P _P
=) r 0 —r”|
PP
- r» 0
MIpUYEM:
P _ P ).
=X =X
PPyl
" =X =X
P yP _ oyl
r3 - X3 X3
€CTh IMPOEKIMHU PA/INyCca-BEKTOpa I, Ha OCU KOOPJMHATHON CHCTEMBI X1XX3;
P(v=j+1j+2,..k-1) - MaTpHIa-CTOI0eI] BHEIIHEN
COCPE/IOTOUCHHOW HAarpy3kd W/WIM COCPENOTOYEHHbIE HAarpy3KH OT JeWCTBHS
BHYTPEHHETO JIaBJICHUS B 3JI€MEHTax TpyOoIpoBoia
Marpust  a,,V,, 4, BBIUHCIAIOTCS 110 TPHUBEACHHBIM B pasnene 5
bopmymam.
Ilpumeyanus:
1. Ilpu BemonHeHHu pacuera Ho ¢opmynam (9) ¢ menbio (OpMUPOBAHUS pa3pellalomel
CHCTEMbI YPaBHEHHH ClieyeT IpUHUMATh P=K.
2. Ecnu ydyacTok HE UMEET MPOMEXYTOYHBIX OHOP, TO HY)KHO MPUHUMATh, YTO Y4aCTOK COCTOUT
u3 oxHoro mposera u j=0, k=n (N — 4ucio 0Tpe3KoB B ydyacTke).
6.2. BekTop cHJI B HAYAJILHOM CeYeHHH MPoJeTa
6.2.1. Vcxonuble maHHbIE: j, K — HOMepa cedeHuil KOHIIOB mponeta; A, Ax —
BEKTOPHI (6x1) mepemMenieHnii KOHIIOB NpoJieTa (onpeaeIeHre UxX cM. B 1. 9).
6.2.2. VckoMBlil BEKTOD:
_h1
X, =b; (4, —-aA4, -c,) (10)
rae b, ,a,,C, BbuuCHsIOTCA N0 popmyam (9) mpu p=k.
Ipumeyanue. Ecan B ydacTke HET NMPOMEXYTOYHBIX omop, To dopmyna (10) mcnombdyercs
TOJIBKO T4 OTIPEACTICHUA CUIT Xo B Ha4YaJIbHOM CCUYCHHUM y4aCTKa.
6.3. BekTopbl mnepememieHMii W CHJI B TNPOMEXKYTOYHBIX CeHYeHMSIX
npoJera
6.3.1. McxoaHble naHHBIE: Aj — BEKTOp MepeMeleHHI HayanbHOro CeueHus
npoJseTa; Xj — BEKTOp CHJI B HAUaJIbLHOM CEYEHUH NPOJIETA.
6.3.2. UcxonHble BEKTOPBI:

/1i :éi(i—l)liflai(G
X, =G

(i-1)i Xi—l +Vi )+ Ai ;

11
X, +P+V, D

(i-1)i
mpu i = j+1,...k-1.
lpumeuanne. [lnst mociexHero mnposiera ydactka (r.e. mpu k=n) no d¢opmyram (11)
BBIYUCIIAIOTCS, KpOMe TOro, 3HaueHuss Martpui A, X,. Ilo A, HpOM3BOIAMTCS KOHTPOJb HPAaBUIBHOCTH

BBIYUCIICHUH: B Cliydya€ 3all€MJICHHOI'0 KOHIa IMEPEMEIICHUS An JOJI)KHBI OBITh PaBHBI 3aJaHHBIM
TIEPEMEUICHUAM, B IPOTUBHOM CIIy4a€ — BBIYUCIICHHBIM IIEPEMEIICHUAM Y3J1a.
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7. Pacuer y3aa

7.1. Pacuer HauMHaeTcs C 3aMEHbl KPUBOJIMHEHHBIX 3JIEMEHTOB BIIMCAHHBIMHU
JIOMaHBIMH, T.€. C ONPEICIICHI KOOPUHAT TOUEK, M3JI0Ma TOCIEIHIX (CM. Tozpaszen 5.3).
Kpome TOro, s KPHBOJMHEHHBIX SJIEMEHTOB MHOJDKHBI OBbITh BBIYKCIICHBI 3HAYCHUS
koddduimenta K .

IocnenoBareibHO ~ BBIUKMCISIFOTCSA UL CCUEHME, TIE  YCTAHOBJICHBI
lTpOMe)KyTO‘IHI)Ie OHOpLI, ManI/II_[BI:

1.

LI :_[C| +bILk] dl’
" .

N| :_[CI+bILk] ble (12)
-1

MI :[C| +bILk] [_ble +g|]’

TpUYeM

Lo=0¢ (uyneBas matpuiia 6x6);

No=ls  (emuHMuHAas mMatpuiia 6x6);

Mo=0, (myneBoii Bextop 6x1);
h h-1 .
bl = blk blk ay
-1 h k-1 .
C, = _bmlamlblk blk +€,; (13)
.
dl = bml ’
-1 h h-1 =
g, = meCmI _blk blk Cy +Cy,
rae: | — HOMep KOHIIA MpoIeTa;
k — HOMep Hauasa mposieTa;
M — KOHEII CIEAYIOIIEro MPOJIEeTa;
€ — wMaTtpuna 6x6, B KOTOpOH HEHYJIEBBIMU SIBISIOTCS IUATOHAILHBIC

DICMEHTHI €] + 9236 :

I
€11
I
|
e
& = 33 |
€44
I
0 els
I
€56
[nst ynpyroii onopst:
p)
| I 3y . |
€,=6,= L 633—k|,
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rae: k,,L, —secTkocTs U pabodast JUIMHA IPOMEXYTOUHOH MPYKUHHOH
HIOJIBECKH;

P,,) — pabouas Harpy3ka npyHHHOM TOIBECKH.

I I
Jns Bcex THUIOB omoOp (KpoMe IPYKHHHBIX) €+ €5 BBIYUCIIIOTCA

MIPOTPaAMMO¥ HW/WJTH IPUHUMAIOTCS TIO UCXOTHBIM TaHHBIM.
Brrunciienue Matpull ¢ ABOWHOM HW)KHEW HMHJEKCalued MPOU3BOJUTCS IO

bopmymnam (9).
Hpumeyanne. Matpuust L, N;, M, xenateabHO 3anoMHHATh Uil TPOBEJIEHUS pacyera
HaINpsHKEHUH.

KpOMe TOT'O, BBIYUCIAIOTCA MaTpHULIbI:
N,=N;+.+L. .LN+L. .LLN +..+
+L LLL N
M, =M, +.+L.LM +L.LLM +..+ (14)
+L.. LLL .M
L,=L,..LLL L.

rae: J — KOHeII TIepBOTO TIPOJIETA,;
I — HAYaJIo TMOCJIEHETO MPOJIETA;

N — KOHEI[ yuacTKa.

Jlaniee BEIYUCIIAIOTCS MATPHUILIBL:

Aoo = b;ol(ajo - Njn );
By = b;;(cjo -M in ); (15)
AOn :b;él‘jn'

HJ’[S{ POMEKYTOUYHBIX YUYACTKOB, KPOME TOT'0O, BEIYMUCJIAIOTCS MaTPUIIbI:

A’m = bnrbr;:( IB _aanr );

Ao =A; (16)

BnO =_5 bil(aner +Cnr )+Enr'

nrnr

B ciyuae xoraa yuyacTok He HMEeT POMEKYTOUHBIX O1op, B popmysiax (16)
CleIyeT MPHHATE.

T 6; Mr:66'
a B popmyinax (15):
j=n; N,=0,; M, =0, L,=I

jn 67

¢dopmymsl (12) u (14) B 3TOM Citydae HE UCTIONB3YIOTCS.
IIpumeuanue. [TpuHuMaeTcs mpeuIokeHue, YTo B y371aX MPOMEXKYTOUHBIE OITOPBI OTCYTCTBYIOT.
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8. ®opmupoBaHue paspemaoneii CHCTeMb]l YPaBHeHU

8.1. Marpust (15), (16) ucnonb3yrorces A1 GOPMUPOBAHUS pa3peliaroeit
CUCTEMBI YPAaBHEHUM!

Al [

A A A Al [x]4 [=[B2] (17)

N i i

A; As As Axl 1A (B

Lenecoobpasno GopmupoBanue cucteMsl (17) IpoU3BOIUTE OJHOBPEMEHHO
C PacueTOM YYacTKOB, HE BBIICIIAS B OTICIBHBII OJIOK.

Kosdduuumentsr A=, A, ... — MaTpulis 6x6;

1177 12°
A2, ... B>, B>, ... — BekTOphI-CTONOLE! 6x1.
Kaxpmas CTpOKa CHCTEMbl COOTBETCTBYET OJHOMY Y31y, a MMEHHO Y3y,
HOMEp KOTOPOTO COCTAaBISEeT HMKHMHA MHAeKC mpu A um B> M mepBeli HiKHUit

uHIeKC npu A (BTOpOH MHIEKC — HOMEp y3/1a, C KOTOPhIM JaHHBIH y3€] COCAMHEH
Y4acTKOM).

Koaddummentsr u  cBobGomnele wieHsl cucteMsl (17) BBIYMCHSIOTCS
CIICIYIOIIIM 00pa3oM.

8.2. Marpuua A sBIsiercs cyMMOi Matpuil Ay, A y4acTKOB, CXOSIIMXCS

B JAHHOM y37€ | , IpUYeM Ui y4acTKOB, HyMepalus TOYeK ACNCHHS KOTOPBIX Ha
OTpe3KM HauyMHAeTCs B y3iue, Oepercs Ay, a JUIi y4acTKOB, HyMepauus JACICHUsS

KOTOPBIX 3aKaHUMBAETCS B y37e, Oepercsa A .

8.3. Marpuua B> sBmusercst cymmoit co 3HakoM MuHyc marpunl B u B,

On

Y4aCTKOB, CXOOAIINXCA B Yy3JI€ |_ , IPpUYEM JI1 Y4aCTKOB, HyMEpanus TOYCK ACIICHUSA
KOTOPbIX Ha OTPE3KHW HAYUHACTCA B Y3JIC, 6Cp€TCH BOn , a UI1 TaKuX YYaCTKOB,

HyMepanus TO4YeK JeJIeHHs KOTOPBIX 3aKaH4YHMBaeTcs B yane, Oeperca B . B cmydae
KOIJIa K y3.ly [IOJXOAUT KOHLEBOH y4acToK, B cyMMy B> BKiOuaercs Taxxke MaTpuua
A, A, 3TOrO yuacrka.

Bmecte ¢ Tem 3Ta Matpuna A, HCKIIOYAETCA U3 MATPHIBI KO3(QDHUINEHTOB

cuctemsl (17).
B cimydyae xorma TpyOompoBoaHas cUcTeMa HMEET OJMH Yy3ell, MaTpHLla
nepeMelleHni ero onpenensercs 1o Gopmyoie:

A= (A%y BIZ'
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[Ipu BEIOOpE METOAA [T PELICHUS CUCTEMbI YPaBHEHUH CIIelyeT yIUTHIBATh,
9TO0 Marpuna Kod((UIMEHTOB MOIYYaeTCs CHMMETPHUYHOW, IIONOXKUTEIBHO
OMpPEICIICHHON ¥ MOXXET MMETh OOJIBIIIOE KOJIMYECTBO HYJCBBIX SJIEMEHTOR.

9. Pacyer ycuiuii, nepeMenieHuil, HanpsiKeHU i

9.1. IlepeMerieHus: cedeHHWi, TJC YCTAaHABIMBAKOTCS MPOMEKYTOUHBIC
VIOpYTUEe OMOpPHI (T.e. KOHIIEBBIX CCYCHUM MpPOJeTa), BBIUUCIAIOTCS IO (HopMyIie
o0paTHOTO X0/a.

A =LA +N A +M,

Ycuirs B HaYaIbHBIX CEYCHUSIX MPOJIETOB BRIYUCIIAIOTCS 10 (opmyie (10).
J11s1 y4acTKOB, HE MMEIOIIUX TPOMEXYTOYHBIX OMOP, YCUITHUs Xy BEIYUCISIFOTCS 110 TOM
xe popmyite mipu j=0, k=n.

Yeunuss W mepeMelleHHs B IPOMEKYTOYHBIX — CEUEHHSX  MpoJiera
BBIYUCIIAIOTCS 110 popmyte (11).

B BbBIYUCIISIEMBIX ManI/II_[aX CUJl HepBI)Ie TpI/I DJICMCHTA SABJISIHOTCS
HpOCKI_[I/ISIMI/I BeKTOpa CHJIBI HA OCH X1, X2, X3, @ OCTAJIbHBIC TpI/I — HpoeKI_II/IHMI/I BeKTOpa
MOMEHTa Ha T€ )K€ OCH. IlepBble TPH 3JIEMEHTa MATPHUI[ MEPEMEIICHUI — MPOCKIIMU
BEKTOpa IMOCTYMATEIILHOIO IMEPEMEIICHUST Ha OCH X1, Xp, X3, & OCTAIBHBIC TPH —
MPOEKIIUH HA 3TH OCH BEKTOPa YIIIOBOTO MEPEMEIICHUS.

Hnst cedenntit 0, 1, 2,..., N y4aCTKOB, a TakXKe JUIsl CEUCHUHN, PACIOI0KEHHBIX
M0  CepeauHe  KPUBOJIMHEHHBIX  OTPE3KOB,  BEIYUCILIIOTCS  HAMPSDKCHUS.
[IpenBapurensHO MaTpuiia Cuil JXj, NEHCTBYIOIIUX B 3TUX CCUCHUSX, NOJDKHA OBITH
MpUBE/ICHa K OCSIM MOJBHIKHOM KOOPMHATHON CUCTEMBI 110 (hopMyJiam:

X, =D/X,;
X, =DD,X,.

[lepBast ¢dopmyna crpaBeIHBa UIsl CCUCHHS, PACIIONIOKECHHOTO B KOHIIC
MPSIMOJIMHEHHOTO OTpe3ka W Ha CEepelIuHE KPUBOJIMHEHHOTO OTpe3ka, a BTOpas
(dhopMyna — U CeUYCHUS, PACIIONIOKEHHOTO B KOHIIC KPUBOJIMHEHHOTO OTpEe3Ka.

Matpumna D; Berumcmsercss B coorBercTBuH ¢ 1.5.4.2. Jlng cedeHHi,
PacIoNOKEHHBIX B CEpelMHE M B KOHIE KPHBOJIMHEHHOTro OTpe3ka, marpuia Dj
BBIYHCIIACTCS I OTPe3Ka B 1eoM (a; Beraucisercs mo gopmye (5)).

Marpuna:

o’
S R
0, o

rue.
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1 0 0

a’ =0 cos‘g—i sing—i

0 —sing—i cosg—i

2

[Ipn ompeneneHWM HampsOKEHWH B KPUBOJIMHEHHBIX TpyOax ciemyer
YUUTBIBaTh paBeHcTBa (cM. pa3znen 5 PTM):
N, =-X;;
M, =-X,;
M, =X;;
M. =[x,

e X,, X,, X, X, — 2JeMEeHTbI BEKTOPa BHYTPEHHHUX CHII, OTHECEHHOTO K
TEKyIlIed CUCTEME KOOPIUHAT.

Yron @, xapakTepu3yloUMid MOJ0KEeHHEe OOKOBOTO OTBEpCTHS B Tpyoe
(TpOMHUKOBBIA  y3en,

cM. puc. [147 PTM), pOomkeH OTCUMTHIBATBCS — OT
TOJIOKUTENBHON OCH X, B CTOPOHY MOJIOKHMTETBHON OCH X, .

Hanpsokenue o, ONPENETAETCS IPU ITOM 10 GopMyJIe:

o —X,sino+X,cos® X,
O = W =N

F

Mocksa, 2021
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[puaoxkenne 3. YncaeHHass METOIHKA PACYeTa MOA3EMHBIX TPYOONPOBOI0B

I1. 3.1. O01ue mos0KeHus
PaccmarpuBaeTcsi  B3aUMOJEHCTBUE  CTAIBHOI'O c
MIPOMBINIUIEHHOW H30JIsiMel (HanpuMep, reHonoimyperanoBoit, [1I1Y) B obonouxe (B

YHYaCTHOCTH, HOHHBTHHCHOBOﬁ, HS), KOMIICHCUPYIOIINX MOAYHICK (KaK ImpaBujiio, U3

TpyOompoBoa

HeHOHJ’IaCTa) U I'pyHTa OCHOBAHHA U 3aCBINKU.

4

.
4 7
4

<
2O

A7

7
y.

v

A
770

ST

oo

ConpoTuBICHHE TEPEMEUICHUAM B IUIOCKOCTH, TEPIEHAMKYISIPHONH OCH
TpyOOIIpOBO/AA, BCIEACTBHE €r0 HarpeBa MOJEIHPYETCS B KaKAOH TOUYKE LENbIo
MOCIIEZIOBATENbHO COeMHEHHbIX npy)uH. Ha puc. 3.1 mokasaHa mpyXWHHasi Lelb,
MOJICTTUPYIOIIAsi CONPOTHBICHHE OOKOBBIM TMEPEMEIICHUSIM B T'OPHU3OHTAIHHOM
TUIOCKOCTH. B BEpTHKAIBHON TJIOCKOCTH NMEEM aHAJIOTHYHYIO PACYETHYIO CXEMY.

Puc. 3.1

[pyxuna 1 mMonmenupyer compoTBieHHe OOKOBBIM mepemernienusm [1ITY-
M30JSIIMM, MpYyKHMHA 2 — TMOAYHIEK U3 IIEHOIUIacTa, MpyKHHA 3 — TpyHTa.
ConpoTHBIeHHEM HOJIUITUICHOBOI 000JIOUKH B CHILy €r0 MaJOCTH IpeHeOperaeM.

Iomymxu wu3 meHomnacTa MOTYT OTCYTCTBOBaTb, TOIJ@ 4YUCIO HPYXKUH
COKpaILaeTcsl, T. €. LeTb OyIeT cocTosTh U3 npy>kuH 1 u 3. B popmyue:

Ha3oBeM npousseneHue KoD, MuHeHHBIM KO3()(OUIMEHTOM IIOCTENN ¥ 0003HAYUM E€TO
uepes K. st aToro ko3 dunmenra cripaseainBa Gopmyia:

HUIT CralnO
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[TycTh cxxaThe Tpex MOCIeI0BaTENbHO COCIMHEHHbBIX MPYKHUH Ok, TOTAa, AehopManuu
CXKaTHs KaKAOH MPY’KUHBI COCTAaBUT:

&
I
&

S >
I I
&>

Eal E ol Eottall koy

OTHOcHUTENbHBIE Ie)OpMAIIUU CKATHS OYAYT CIEITYIOINMH:

5k
a5k
k 1
gzzézhl
5 K
6=2-%
é‘k k3

JKecTKoCTh KaKIIO MPY>KUHBI XapaKTEPU3YETCs CBOMM KOI(D(DUIIMEHTOM MOCTENH 1 3aBUCHT OT
GOKOBOTO IepeMelneHust TpyObI HesHelHo. Onpenerenue Ky, Ko, ks prBoauTest Hioke.

II. 3.2. IIITY -u3oasuust

Juneiinpiii kodddurment nocrems, H/mum®

kl = khl' Dkv

rae.
E!
ht )

S

u

k

E’ — moayms ynpyroctu ITITY-us3omsiuun (cexymas), H/mm®,
S, — TOJIIL{MHA U30IALHHU, MM.
s, =05(D,-D,)
D, — auamerp xoxyxa usonsuun, mm,
D, — napysxubtit nuamerp TpyOsL, MM
E; BbUMCHAETCS IO (hopMyiam:
« pu 0,03 E; =8,8 H/un’,

* mpu £>0,03
E;’ =B,(100s - B,)* - (B, —100¢)%,
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Tae.
B,=1016,2;
B,=-4,0397;
B5=83,339;
B4:-|,1678;
Bs=-0,56135.

B npuBesieHHBIX opMyIax & = —=
k
ki, HaxomuTcsi ¢ moMompl0 wrepanmit. HadanpHoe mpuOImKEHHE IS
E; =8,8 H/un’.
IIpu [uCKpeTHOM MOZJENHM B3aUMOACUCTBHA C TIPYHTOM JKECTKOCTb
sKBUBaNeHTHOW mpyxuHbl c;=Kil (I — mmar paccranoBku ympyrux omop), a ee

nogatauBocTs A41=1/c;.
I1. 3.3. Komnencupyomias noaynKa

Juueiinpiii ko>ddurment nocrems, H/ym?

kzzkhz'DK:ESv

rue:
S
o _E
h2 = '
DK
E2S — MOJYIb YIPYrOCTH MOAYIIKH (ceKymmast), H/mm?,
D, — Tonumna nomy1ek, npuHMMaemasi paBHOH THAMETPY KOKyXa H3OISILIH,
MM.
E2s BBIYHCISIETCS IO hopMmyIIe:
E; =B, -e™" +B,-e™,
rue:
1)
g=—2.
Sy
Jna “maexkux” nodywex
B,=0,4767-10"";
B,=26,055;
B3=0,03062;
B,=1,5326.
Jna “cpeonux’ nooyutex
B;=0,1557-10°;
B,=18,348,;
B3=0,05082;
172
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B,=2,0017.

Jna “ocecmrux” nooyuiex
B;=1,5026-10"%;
B,=16,347,

B;=0,1242;

B4:l,2863.

k, HaxomuTCs ¢ TOMoMmIBbI0 HTepanuil. HadaneHoe npubmmkenne mis E;—

0,3 H/un?.

Ilpu nuckpeTHOW MoIenu B3aUMOAEICTBUS € TPYHTOM JKECTKOCTb
SKBUBANICHTHON mpyxuHbl ¢,=K,l (I — miar paccranoBkm ympyrux omop), a ee

MOJATIUBOCTE Ay=1/c5.

I1. 3.4. TpyHT — rOpH30HTAJbHAS IUIOCKOCTH

JInneitnpiii kosddurment nocrem, H/ym?

ks = kh3 : va
rIe:
= bl
Pl :
h3 = R
f(l)S |53| < kgp
h3

B npuBenennsix popmynax:
Rep — HecyIasi cnocoOHOCTh TPYyHTA, H/mnd.

-2Z
K0 = O,12E2p772p 1eo |

h3 — 2
(1= 2)1,D,
E., — Mozmyns ynpyroctu rpyHra, H/un?,
I

[lpumeuanue: eciM NPUHUMAIOTCS JpPYrHe pPa3MepHOCTH,
KUIIOrpamMmel — cantumetpsl, TO |, =100cm, a eciiu TorHBI-MeTphI |, =Lh.

, — €IMHUYHAd JUIMHA TpyOonpoBoaa, paBHas [000mm;

1 — xoadouuunent [lyaccona rpyHTa;
Z — rnyOuHa 3aJI0KeHUS OT MOBEPXHOCTH J0 OCH TPYOBI, MM;

1, — K03)QHUUUEHT, XapaKTePU3YOLIUH ITOJI0KEHUE B TPAHIIEE.

7, = 054752 — 5 +0,854,
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<1
p=

= Nlm

a

b2
251
Z

a — paccTosHIe 0T O0KOBOM 00pa3yroIIeii MOBEPXHOCTH KOXKyXa A0 CTEHKH TPAHILIEH, MM
a=150 D_<700
a=0,25D, D, >700
Benmnumna K; Haxomurtcs ¢ moMomibio ureparmii. HavamsHoe mpuOiImKeHne st
khs - kt?z .
IIpu [ucCKkpeTHOM MOZJENM B3aUMOACUCTBHA C TI'PYHTOM JKECTKOCThb

9KBHBAICHTHOW mpyxkuHbl ¢,= K3l (I — miar paccTtaHoBKM ympyrux omop), a ee
OAATIIMBOCTE Az=1/c,.

II. 3.5. 'pyHT — BepTHKAJIbHAS MJIOCKOCTh, NAPAJLIeIbHAS OCH TPYObI

Juneiinpiii kodddurment nocrens, H/yum?
Ky =k,5-D

roe K,, He JMHEHHO 3aBHCHT OT BEPTHKAJIBHBIX MEPEMEIICHHN TpyOompoBoaa u

K

PacCUNUTHIBACTCS IO HIDKE MPUBEICHHBIM (OpMyIaM

0144E2p0m S0 |

hgaw = npu 0,0 (ImepeMeleHne BHU3
(- 1*)y/1,D,

o 00ME,, [, Z oo )

h3sac — ) npu 0,<0 (rmepeMenieHue BBEPX).
@- #*)y1,D,
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0 5y < oy
kI?S?ac K Cp,z
%p.,
qnp + (53 + 0 - J Cp,z
kh33a¢ K qnp 2p. qnp qnp 2p.
- 5 - <Oy <——5
53 DK khajHL K Cp,Z kh33a(
0
kh3 _ qnpkh3'fuc anp 2p. < 5 < 0
qnp,ep. kh3xac K
kf?SUCH O<53 <- 0*
h3ocn
R R,
53 kf?Socﬂ
qnp.ep. — MPEAECITbHOE COIIPOTUBJIEHUE I'PYHTA, H/wm
D|Z D k -Z2%g0,7 0’7ZC2’7
pep. =7 o P [ TK 7, gu,7¢,, +————
pebe 0 8 » " cos 0,7¢,,

1 D, 210001
k=< D,
1000

Y, — oGwbemuIit Bec rpynTa, H/mm’;

D, <1000am '

0,, — MPEETBHOE CONPOTHBIIEHUE MOTIEPEYHBIM TIEPEMELIEHUM, H/MmM;

qnp = qmp + q/xpzp. ’

Onpenenenue (), npusenexo s I1. 3.7.
2,

C,. — koo duument pasrpysku, H/mum®,

C — qnp
P Z+05D,

R,, — Hecywas CrocoOHOCTh rpyHTa, H/mnd.
I1. 3.6. I'pyHT — BepTHKAJbHAS MJI0CKOCTh, NEPHEHAMKYIAPHAS OCH
TPYyObI

ComnpoTHBJIeHHE TPyHTa IPONOJBHBIM II€PEMELICHUSIM TPYObl B 00JacTH
YIPYTOIIACTHYECKUX JieopMannii MOKHO HPEACTaBUTh JIMHEHHOW 3aBUCHMOCTBIO,

npemioxenHoi A.b. AiinOunaepom [124]
T/zp = chA

yen !
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3nech:

7,, — HPEICIBHOE CONPOTHBICHHE IPYHTA CIBHIY, H/en?,

C,o — 00OOImEHHEI KO3()(HIMEHT KacaTeIbHOTO CONpPOTHBIEHHS IPYHTa
Hiew®,

A yer — YCTIOBHOE IIEPEMEILCHHE, COOTBETCTBYIOLIICE NPEIEBHOMY CONPOTHBICHHIO
TpyHTa CABUTY, CM.

3aBUCHMOCTb ~ TOJIydeHa  IIyTeM  3aMEHbl  MCTHHHOM  JIUarpaMMel
COIPOTHBIICHHSI TPyHTa IIPOAOJIBHBIM  IIEPEMEIUCHUSAM, WACaTIM3UPOBAHHOM,
NOCTPOEHHOW MO aHanoruu ¢ auarpammoi [Ipanarns. O600meHHbli kodddunmeHT
KacaTeJIbHOT'O CONPOTHBIICHHS I'PYHTa IIPEJICTABISIET COO0I OTHOLICHUE:

U MMeeT pa3MepHOCTh KOod(HIMEeHTa TOCTENN IPyHTa pU clIBUre. B HopMaTHBHON
0a3e MO TpyHTaM OH COKpAIEHHO Ha3bIBaeTCs KO3 UIMEHTOM CONpPOTUBIICHHS
IIPOJOJIBHBIM IE€peMelleHusIM. 3HaueHHus ¢, HOIydYeHHbIe B pe3yibTaTte 00paboTKu

OKCIICPUMCHTAJIbHBIX JaHHBIX IJIs1 HEKOTOPBIX TUIIOB I'PYHTOB, IPUBCACHLI B Ta6J'H/IIIG.
HpI/I OTCYTCTBHUH JOKCICPUMCHTAJIbHBIX JAHHBIX JJIS MOJIYYCHHS 3HAYCHUA C , MOXHO

HCIIOJIb30BATh MPUOIMKEHHYIO (GOPMYITY:
Cro =Nk, (M),

rue:

k,(h,) — xoadduument mocreanm rpyHTa HOpPH CABHIE, COOTBETCTBYIOIIUIA
TOJIIIMHE CJIOS TpyHTa Hax Tpy6oit h, B 1 metp,

N — MOHWXKAIMN KOXPPUINEHT, TPUHIMAEMBId MO Talnmile, Korma
TOJIIMHA CJIOSI TPYHTa Haj TpyOoi h, mpessimaer 1 MeTp. 3aBHCHT OT OTHOIICHUS
h, /h,.

JInneitnbiii kosddurment mocremn, H/ym?

k3 = kh3 ) DK'
rac:
qmp |53| > qmp
|53|DK ﬂDKCXO
kh3 = q
C,, 5] < ﬂDLZXO

B npuBenennsix popmynax:
Omp — MHTEHCHBHOCTH CHJI TPEHMdA, JEHCTBYIOLIMX BIOJb OCH TPYOBl NpH
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OeckaHaIBHON MPOKIaaKe B rpyHTe, H/™M [5];

D, — miameTp KoxKyXa H30JISIHH, M,

Cxo — OOOOMIEHHBIH KOA(P(GUIMEHT KacaTeIbHOTO CONPOTHBICHHUS TpPYyHTA
H/w® BBIUMCIACTCA KaK CpeNHss BETMYHHA MEXAy KOdh(HIMEHTaMH TpyHTa
OCHOBAHMS, 3aCBIIIKH CBEPXY U COOKY;

03 — OCEBBIC TIEpEeMEIICHUS TPYOOpPOBOIa.
Benmnumnna K; HaxoguTcs ¢ MOMOIIBI uTepanuil. HawansHoe mNpHOMMKEHHE IS

K., — k.
h3 h3
B cnywae mpuMeHeHHS ~— KOMIGHCHUPYIOIIMX — IOAYIIEK,  BEIWYMHA
ko3¢ durmenta mocrenu K; ymenpiraercs B 1000 pas.
s peanu3oBaHHOM JMCKPETHOM MOJENM B3aUMOACHUCTBHS C IPYHTOM
JKECTKOCTh IKBUBAJIEHTHOM MpyxuHbl ¢,=Ksl (I — mar paccranoBku ynpyrux omop), a
€€ MoJaTIMBOCTb A3=1/c,.
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Ta6muma I13.1

3Hauenne 0000eHHOr0 KO3QGHUUMEHTa H CONPOTUBJIEHUS IPyHTa C , MIla/cm

Ipenensl HOPMATUBHBIX XapakTepuCTHKH TPYHTOB ITpU KoddduirenTe
BI/I,HI)I TPYHTOB 3Ha‘leHHﬁ KOHCUCTCHIINU TIIOPUCTOCTHU &
rpyHTOB I <0,5 0,5-0,6 | 0,61-0,7 | 0,71-0,8 | >0,8
Teck rpaBelHCTHIE, KpyMHBIC - 0033 | 003 | 0027 | 0025 | 0,025
Y CpefHel KpYyIHOCTH
Ilecku MeJIKMe U NbLUIEBATLIE - 0,025 0,021 0,021 0,019 0,019
Cynecu 0<1,<0,25 0,035 0,033 0,030 0,030 0,030
0,25<1,<0,75 0,035 0,032 0,030 0,025 0,025
Cyrsmumin 0<I,<0,3 0,038 0,035 0,035 0,032 0,030
0,3<1,<0,75 0,035 0,033 0,030 0,025 0,020
T 0<I,<0,3 0,040 0,038 0,035 0,033 0,030
0,3<1,<0,75 0,045 0,040 0,035 0,030 0,030
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IMpubmxenHble 3HaUeHMs K03 durmenta mocrenu K (N, ) mmst HekoTopsIx

THUIIOB I'PYHTOB, 3auMcTBoBaHHbIe U3 [30], npuBenens! B Tabiuue 1 3.3.

Tabmuna I1 3.2
MMonnxarmmii ko3gpdunueat N

h/h, 10 0.8 06 0,5
n 1,0 0,9 0,8 0,75
Tabmuma IT1 3.3

3navenus ko3¢ PunneHTa NOCTE/IH IPU CABUTE
NP BBICOTE 3aChINKH HAJ TPYOoOii h1 =1,0m

I'pyHT k,(h,) Hem®
Cynech 5
CyranHok 4
Topd cyxoii 0,5
Topd BaxHbIH 1,0

I1. 3.7. OnpenesieHue HATPY3KHU OT Beca TPYHTA, eiicTBYIOIIeil HA TPYOONPOBOJ

HopmaTuBHYI0 Harpy3Ky OT Beca TpyHTa Ha €IUHHUILY JUTMHBI TPyOOIpoBoa,
YKJIQIIBAEMOT0 B TPAHIIIEE, CIEAYET OMPEACIATH 10 (hopMyIie

qu=77h ]/epBH'

rze B - pacueTHas MIMpHHA TPAHIIEH HA YPOBHE BEpXa M30JIALIH;

)

Z - pacCTOsTHHE OT OCH TPYOBI 10 TOBEPXHOCTH 3EMIIH, M;

7l - KO3 GHULIUEHT BEPTUKAIBLHOTO JaBJICHUS IPYHTa, ONPEIeNsieMbIi 0 TabuLe:

Koaddurment BepTHKaIBHOTO IaBIEHHS 7] Ul TUIIOB TPYHTOB
HIB
1 2 3 4 5

0 1,00 1,00 1,00 1,00 1,00
1,0 0,82 0,84 0,86 0,89 0,91
2,0 0,68 0,73 0,76 0,80 0,82
3,0 0,59 0,63 0,66 0,70 0,74
4,0 0,52 0,55 0,58 0,64 0,66
5,0 0,45 0,48 0,51 0,56 0,60
6,0 0,40 0,44 0,46 0,50 0,54
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KoadpunmeHt BepTHKaNbHOTO IABJICHHUS 7J ISl THIIOB TPYHTOB
HIB

1 2 3 4 5
7,0 0,35 0,39 0,42 0,45 0,50
8,0 0,32 0,35 0,38 0,42 0,46
9,0 0,29 0,32 0,35 0,39 0,44
10,0 0,27 0,30 0,34 0,37 0,42

IIpumeuanue. Tuns rpyHTOB:

1 - neckn MaJOBNIAXXHBIC U PACTUTEIBHBIN TPYHT;

2 - TEeCKH M PaCTHTEIbHBI TPYHT BIAXHBIC M HACBHIIIEHHBIE BOIOH, Cymech
TBepJast, TyroOIUIACTUYHAs U MJIACTHYHAS; CyTIIMHOK TBEPBIN U TYTOIIACTHYHbIH;

3 - cymech MATKOIUIACTHYHAS U TeKy4asi; CYTJIMHOK IUIACTUYHBIN, TIIMHA TBEpAas U
TYTOIIJIACTUYHAS;

4 - CYINIMHOK MSTKOIUIACTMYHBIM W TeKyduil, TIJMHAa IUIACTHYHAs U
MSTKOIUIaCTUYHAS,

5 - riMHa Tekyyasl.

B TpybOompoBonax OeckaHabHOW TNPOKIAJKH B TPYHTE CHJIBI TPEHHs
JISHCTBYIOT BIOJb OCH TPYOBI Kak pacrpesieiieHHasi Harpy3Kka ¢ HHTEHCHBHOCTBI0 H/M:

O = 4|1-05sing, )y, Z 7 D+g|
rue:
g — cyMMapHBII ITIOTOHHBINA BEC MaTepualia TpyOsl, MPOIYKTa, U30JISLNH.
Qop — Y20 BHYmMpENHe20 MPenUsl 2PYHMaA.

Koaddumment tpenuns onpenensercs mo hopmyre

/’l = tg nm @zp !
rac:
Ny - KOB(b(l)I/IIlI/IeHT, 3aBUCAIINN OT KOHCTPYKIIMU H3O0JIALIMU U XapaKTepa
HarpyxcHus.
llJ'lS[ HaubOoJee paciupoCTpaHCHHBIX HU30JIAINOHHBIX KOHCprKLII/Iﬁ 3HAYCHUA
Ny OpUBEICHBI B Ta6nnue. Hﬂﬁ APYTUX HU30JIAIUOHHBIX KOHCprKI_[I/Iﬁ 3HA4YECHUS Npy
CJICAYCT MMPUHUMATh Ha OCHOBE CIIPABOYHLIX WJIM SKCIICPUMCHTAJIbHBIX JaHHBIX.

Koappuuuenr Ny
IIenononuyperasn ¢
Xapaktep HarpyxeHus P ApmorieHo0eTOH,
0005104KOi1 U3
oJIMMepOeTOH
MOJIMITHIIEHA
MHOroKpaTHOE YepeZOBaHUE LUKIIOB
P pel i 0,33 0,67
Harpes - OXJIAKACHHE
OnHOKpaTHBII HarpeB (OXJIAXKICHHUE) 0,67 1,00
KparkoBpemenHoe TIPUIIOKEHHE
baToBp P 1,00 1,15
Harpy3Ku
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[puno:xkenue 4. Onpeaenenne MeCTHOM KeCTKOCTH y3JI0B BPe3KHU LITyLepa

3mech NpUBENEHBI TOJOXKEHUss U (GOpPMyJIbl M3 psijla  HM3BECTHBIX
OTEYECTBEHHBIX U 3apy0EKHBIX HOPMATHBHBIX JOKyMeHTOB [3, 4, 5, 6, 16, 119-123],
peanu3oBaHHble B “‘KambKyisaTope” mpenpoueccopa IIK  ACTPA-HOBA nmns
OPTOTOHAIBHBIX (HOPMAJIbHBIX) COEAMHEHUH “mTylep-obedaiika” u  “mrynep-
JHHUIIE”. DTHU TIOJI0XKEHUS U (DOPMYIIBI COTTIACOBAHBI, B YACTHOCTH, C peaji3aluei B
[IK PVP-Design (B menoM coxpaHeHa B HECKOJBKO yCEYEHHO-OTKOPPEKTHPOBAHHOM
BHJE aBTOpcKas penakuus K.1.H. b.C. Bonbdcona).

[Tpn 3TOM HEOOXOIMMO YETKO MOHUMATH (M 3TO TOATBEPIKICHO, B YaCTHOCTH,
pemeHHbIME BepuuKanuoHHbIMU 3amadamu o ACTPA-ADC [78] ¢ “TounbIM”
OIIpeZIeTIEHUEM MaTpuI] KO3 HUIIMEHTOB JTOKaIBbHOHN KECTKOCTH T10 ITPOCTPAHCTBEHHO-
000JIOYEUHBIM KOHEYHOIIEMEHTHBIM MOJETSAM), YTO pealbHble KO3 (HUIHEHTH
MECTHOH XECTKOCTH-TIOAATINBOCTH COCOMHEHUH “mTynep-obedaiika” MOTYT BechMa
3HAYUTEIBHO OTJIMYATECS OT IPUBEICHHBIX AaHATUTUYECKUX BBIPAKCHUH.

1. Ycnoenwvie 0603nauenusn (Bce nuHeHbIE pa3Meps — B MM)

D — BHyTpeHHHH &IMaMeTp UWIMHIPUYECKOW OO€4aiKH WIIM BBIITYKIJIOTO
JTHUIIA,

D, — BHyTpeHHHMH TUaMeTp KOHMYECKOW 0OedailKM B MECTE PacIoOKEHHs
mITyLepa,

d — BHyTpeHHUIA TUaMeTp IITyLepa,

H — BHyTpeHHSS BBICOTA UMM THYECKOHN YaCTH AHUIIA,

|| — McroNHUTEBbHAS IIMHA WITYIEpa,

l;y — HCIIOSHUTEIbHAS TIMHA YCUIICHHON YaCTH IITYLEepa,

|, — McToTHUTEMBHAS IMPHUHA HAKIIATHOTO KOJIBIIA,

Ry — BHYTpeHHuMil pamuyc chepHyeckoro cerMeHTa TopochepuyecKoro
JHUIIA,

S — UCTIOTHHUTENBHAS TOJIIINHA CTEHKH 00eUaikH,

S; — MCHOJNTHUTENbHAS TOJNIIMHA CTEHKHU IITYIEpa,

Siy — HCHIOJIHUTENbHAS! TOJIMHA YCUIEHHOH 4acTH MITylepa,

S; — UCHONHUTENBHAS TONIIMHA HAKJIQJHOTO KOJIbLa,

X — PACCTOSHUE OT LEHTPa OTBEPCTHSI IO OCU JUIMNTHYECKOTO JHUIIA,

0, — TIOJIOBMHA YIJIa pacTBOpa NpW BepIIMHE KOHWYECKOW oOedalku, pan,
rpaz,

E — Momyns ympyroctu marepuana kopiyca, MIla,

1 — ko3 durment [lyaccona

2. Ilpedenvi npumenenusn

B nomonnenue x tpeboBanusam 1.a. 4.2, 4.4, 6.1.1 u 6.2.1 TOCT P 52857.3-
2007 nmeHCTBYIOT CIEAYIONINE OTpaHWYEHHS IS NMPHUMEHEHHsS NPUBEICHHBIX HIDKE
3aBUCHMOCTEM:

1) [uist y3JI0B BPE3KH IUTYLEPOB B LHWJIMHIPUYECKUE U KOHMYECKUE 00eyalku
paccTosiHMe OT Kpas INTyIepa WM HAKIaJHOrO KOJbIA 10 OJrmKaiiero KoHIA
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pacueTHO# JUIMHBI ydvacTka obeuaiiku mo/bkHO ObiTh He Menee 0,5(D+S) wmm
0,5(D./cos a, +S), COOTBETCTBEHHO;

2) amnst y370B BPE3KH LITYLEPOB B BBHINMYKIIbIE JTHHINA PACCTOSIHUE OT Kpas
HITyIIepa WK HAKJIAJHOTO KOJIbIIA IO Kpasi BHEIIHEH MOBEPXHOCTU BBIMYKJIOTO JHHUINA

noikHO ObITh He MeHee 0,1(D+2S), a BHyTpeHHuit quametp mrynepa d He 6oiee dem
0,67R-S;.

3. ¥V3en epesku wimyyepa 6 yununopuueckyro 0oeuaixy
M,
N

2"\ By

Puc. 4.1 IlonoxxuTensHbIE HATPABICHUS CHJI 1 MOMEHTOB

3.1. Venosas swcecmxocme y3na Bpe3KW INTylepa 0e3 HaKIaIHOTO KOJblia
MpH JIeicTBUU MOMeHTa My B TPOI0NIEHOM HATIPABJICHUY:

M, El
K =—" ="~
0, Kk (d+2S)
(D+2S) s

k=022 >
e R

| — MOMEHT HHEpPIMH CeYeHHs ITyLepa pH H3rnoe, Mm*:

n| (d+28,)" —d*|
64
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3.2. Venosaa swcecmxocmy y3na BpE3KH IITyllepa 0e3 HAKIaTHOTO KOJIbIa
TpH IeHCTBIM MOMeHTa My B OKpY>KHOM HalpaBJICHHUN:

M, El
Ky = —% =
6, k,(d+2S,)
D+2S d+2S
ek, =010 128) & [(0+25)
s s\ s
— JUIS ITYLEpOB 0e3 YTONIIEHHOH YacTH:
S, =9

— 71 IITYLEPOB € YTOJILEHHON YacThIO:

>05,/(d+5S,)S,

v =—

Sn = Sl — npu |1V <05 (d + SlV)SlV

S, =S, —npul

3.3. Venosaa swcecmxocmy y3ma Bpe3KH IITyllepa 0e3 HAKIaTHOTO KOJIbIa
IpU ASUCTBUH KPYTAIIEro MoMeHTa M;:

70,  k(d+25))
4 15
rae: K, =0.06 (d +281)81 (D+25j
(D+2S)s S

I« — MOMEHT HHEpPIMHA CeYeH s IITyIepa P KPydeHHH, MM :
4
| _al@+2s,) -]
-
32

G — moayns csura, H/mm?:

E

- @ @0~

20+ u) 2.6

3.4. Jluneiinas xcecmrxocms y31ma BPe3KH MITyIepa 0e3 HaKIaTHOTO KOJIbLA
npu feiictBun cuibl F,, HanpasieHHoit mo ocu mrynepa, H/mm:

_F, _E(D+S)

Y5 2A”

rue: A, (a, ,B) — k03 durueHT, npuBeACHHBIN Ha puc. 4.2 ms 3HaueHuit f=0,
1/8 u 1/4. JIns npoMeKyTOYHBIX 3HAYEHHH ONpeAeNseTCs JIMHSHHOH NHTePIOJsIInei
(cm. Hmke). Tlpu 3HaveHusx f>1/4 nuHelHas MOAATIHBOCTH Y37a BPE3KH IITYIEpa
npu JeiictBun cunbl F, HampaBieHHOH MO ocu mTyllepa, B CTOPOHY 3araca,
[IPUHUMAETCS PABHOW HYJIIO, @ JINHEHHAS J)KECTKOCTh HE OLPEIEIISECTCS.
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- 2L, ﬁ=d+51. 7/=D+S
D+S D+S 2S
Leq — OKBHUBAJICHTHAd [JIMHA Y4YacCTKa III/IJ'II/IHHpI/I"IeCK()ﬁ O6e‘{al7[KI/I, Ha
KOTOPOM pacCIoJIOKCH ITYLCP, MM:
4b?
Lo =L

L — pacueTHas [IMHA y4acTKa 0OCUYaiKH, Ha KOTOPOM PACIIONOKEH IITYIIEp.
[IpuHuMaeTcss paBHOM pacueTHOM mauHe | TIagKON IMIMHAPHYECKOH oOedaiiku
Harpy KeHHOW Hapy KHBIM JaBJICHHUEM WIH IepepesbiBatomeil cuoi (. 5.3.2.2 TOCT
P 52857.2-2007) wnu pacuetHo# anumHe | oOeuyaliké, YKpEIUICHHOH KOJbIAMH
YKECTKOCTH M Harpy>K€HHOW Hapy>KHBIM JaBJICHUEM, IIPU OTIPEETICHUH JIOITyCKaeMOTO
JIaBJICHUS], UCXOJSl U3 YCIIOBUH YIPYTO# yCTOHYHMBOCTH MEXTY KOJBIIAMH KECTKOCTH
(. 5.4.2.2.1 TOCT P 52857.2-2007), mm.

by — paccTosiHEE MEXKIy LEHTPOM LITyLepa ¥ CepeIHHOIN pacueTHOH IuHBI L
ydJacTka o0eqaiiki, Ha KOTOPOM PacIiONIOXKeH MITYIEp, MM.

An

S T T T

P \ ./'?7
» .,\'|.) 
2 r;,j = | |
|
By Jenanmmmansnn
158 5 ] I O O ||
; 7.5; SR i 5 E
N Eammansaswasasnasse
0 10 20 0 40
Puc. 4.2

Ao—mpu f=0,Ag—npu f=1/8, A, —mipu f = 1/4
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M — moka3areib cTerneHH. IIpuHHMaercs paBHbIM: M=2,22 — mupu S=0,
m=2,125 — nipu f=1/8, m=2,10 — npu 5 = 1/4.

[opsinok MHTEPHONALUK TPH ONpeneieHur BeluuuHbl Kp, Cleayrommii.
Brruncnsiercst BenuuMHa f M pacCUMTHIBAIOTCSA 3HaueHUst Kg, U1 TaOIUYHBIX
3HaueHuid f (0, 1/8, 1/4), Mexxay KOTOPBIMH JIEKHT BbIYMCIEeHHas BenawdwuHa f. C
rmoMomiplo nuHeHHoW wuHTepnomsuun Kg, onpenpensercs 3HaueHHE JKECTKOCTH,
COOTBETCTBYIOILCE BHIYMCIICHHOMN BEIUYHHE 5.

4.  Ysen epesku wimyuepa ¢ KOHuuecKyro obeuaiKy

BenmuuHb! )KeCTKOCTH KOHHUYECKOW 00euaiiki B MeCTe BPE3KH IITyIepa mpu
BO3/ICHCTBMM BHEIIHUX CHJI M MOMEHTOB OT IIPUCOEAMHEHHBIX TPYOOIPOBOIOB
BBIUHCIIAIOTCSA TI0 (hopMyTaM pas3zena 3, Takke Kak JJI MIIHHIPAYECKOi o0edaiiky, ¢
YUYETOM CJIELYIOIUX 0COOEHHOCTEH.

3Hauenuss koddduuumentoB ki, K, Kk, g onpeneneHus KecTKoCTH
KOHHYECKOW oOeuaiiku B MeCTe€ BpE3KH IITylepa Ipu ACUCTBHH W3TMOAIOIINX W
KPYTSILETO MOMEHTOB PAaCCUUTBIBAIOTCS 110 (hOpMYyJIam:

kX:0.2(Dé+28).i S
Sycosa, S S
ky:0'1(Dé+28)‘i (d+2S))
Scosea, S S,
4 15
k, =0.06 (d+28)s, (D, +25 (cosa, )**
(D, +25)S S

BenuuuHbl jKECTKOCTH M PacueTHBIX KO3 UIMEHTOB Npu JEHCTBUU CHUITBI
F,, HarpaBJIeHHOI 10 OCH LITYyLEpa, PACCUNUTHIBAIOTCS 10 (OPMYJIaM:

_F__E(D.+S)

4

"5, 2Ay"cosa,

z
2L d+S D +S
[

o =—qCOSaK; p =—1COSaK; y=—r

D +S D, +S 2Scosa,
[Ipn omnpeneneHNM OSKBUBAIEHTHOW JUIMHBI y4acTKa LWJIMHIPUYECKON
o0Oeyaifky, Ha KOTOPOM DAacIONIOKEH IITynep, Leg, pacueTHas mIMHA ydacTka

obevaiiku L mpuHIMaeTCS paBHOH [UIMHE KOHUYECKOH 00eTaliKu.
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5. Y3en epesku wmyuyepa 6 nonycghepuueckoe, mopocgepuueckoe
WU IIIURMUYECcKoe OHUue

Puc. 4.3
Pacuetnslii cpegHUl paanyc JHUIIA B MECTE PACTIONOKEHUSI OTBEPCTUS, MM:
— 1S TTOJTyc(hepUUEecKOro JTHHUIIA!

D+S
2

R=

— 1715 TOpoc(heprIecKoro JHAIA:
R = Rcd)
— JUIS JJUIUNTHYECKOTO JHUIIA:
(D+5S) D2-4H?) ,
==~ _1-4 X
2(2H +9) D*
be3pa3mepHbIil napameTp:

d+S,)
— JUIS IITYLIEPOB 0€3 YTOMIIEHHON YaCTH: u= 0.91(—l
e d JRS

(d+5,)
— JUIS IUTYLEPOB C YTOJIEHHOW YacThIO: u=091—3
VRS

5.1. Jluneiinas sicecmxocmy y3ia Bpe3KH IITynepa 0e3 HaKIaJHOTO KOJIbLA
npu neiictum cuibl Fz, HanpasnenHol o ocu wTynepa, H/mwm:

_F, ES?
=% ~ 7 p
o, kgR
roe: Ko — Ge3pasmepHblii ko3 duLueHT, onpenensembii mo puc. 4.4, B
3aBHCHUMOCTH OT Iapamerpa U.
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Puc. 4.4
5.2. Venosas sicecmxocmv y37ma BpE3KH IITyllepa 0€3 HAKIATHOTO KOJIbIA
npu AefictBur MoMenTa Mb:

M, uES?®
e = " a2k
b L.02Kp
roe: K, — GespasmepHblii ko3 ¢uimenHT, onpenenseMsiii mo puc. 4.5, B

3aBUCHMOCTH OT ITapaMeTpa U.

kb
0.4 | "]"'\l > T I
. O 1 . V/‘ y e
0.3 v 7 -—: T
| >
0.2 HA 15758 "<)"\L__
).. | \ L =
[ AN T b
o [ | N
{ \\\
T
0 ! = u
0 | 2 3 4
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6. Ipubnuscennoe onpedenenue MeCmHOU HeCMKOCMU Y3714 6Pe3KU
wmyyepa, yKpenjieHHo20 HaKiaoHblM KOJIbUoM

B cj1ydae, €CJiM IMPUHA HAKJIaJJHOI'O KOJIblla YAOBJICTBOPACT YCIOBUAM:

— JUI WWTHHIpHYecKoi obeuaiikn: |, >1.4 D(S + 52)

. . D(S+S

— JUI1 KOHAYECKOH 00eYaliKu: ,>14 M
COS o

— JUI BBIIYKJIOTO JHHUINA! ,>2 R(S + 32)

MECTHasi KECTKOCTb y37a BPE3KH IITylepa, YKPEIUICHHOTO HAKJIAJHBIM
KOJIIbLIOM, PAcCYMTHIBAaeTCsl MO (GopMmynam pasnenoB 3, 4, 5, Takke Kak s y3ia
BPE3KH IITYyIepa 0e3 HAKIaJHOrO KOJIbLa, HO MPH 3TOM, BMECTO TONIIMHBI KOpIyca S
B (hopMyIibl pa3nesos 3, 4, 5 ciemyeT mMOACTABISITE CyMMapHYO TONIIUHY KOPITyca U
HaKJIaJHOTo Koubla (S+S,).

B clIy4dac, €CJIM NPUBECACHHBIE BBIIIEC YCIOBHA HE BBINTOJHAIOTCA W IIWPHUHA
HaKJIaTHOTO KOJIbIIa MEHBIIE COOTBETCTBYIOIINX 3HAYCHHUH IS I_lI/UII/IH,HpI/I‘IeCKOI\/'I u
KOHHYECKOH oOcuaeck H BBIITYKJIBIX AOHHUIL, MECTHBIC NOAATIMBOCTU Yy3Jia BPE3KH Yi
OINPCACIIAIOTCA KaK CyMMa IBYX BCJIMYNH:

Y, =Y," +Y;"P

rae: Y;' — paccunthiBaetcs mo GpopMynaM paszienos 3, 4, 5, Takke Kak i
y37a BPE3KH INTylepa 6e3 HaKIaJHOrO KOJbId, HO MPH 3TOM, BMECTO TOJIIMHBI
Kopmyca S B (opMyJIbl pa3aenos 3, 4, 5 ciefyer MOACTABIATh CyMMAPHYO TONIIHHY
KOpITyca W HAKJIaMHOro Koubla (S+S,).

Y;"" — paccunreiBaercs no gopmysnam pasnenos 3, 4, 5, Takxe Kak s y3na
BPE3KH ITyIepa 6e3 HAKIAJHOTO KOJbIlA, HO TIPH 3TOM, BMECTO TOJIMHUH Sy U Sy, B
dopmyner  pasmenoB 3, 4, 5 cmemyer mnoxactaBisath (Si+lp)  wmm  (Spyytly),
COOTBETCTBEHHO.

JKecTkocTh y37a Bpe3Kd mTyIepa ¢ HaKJIaJHBIM KOJBIIOM IIPH IEHCTBHH i-0U
HATPy3KH OMPEeNsIeTCs Kak:
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