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“CemeiicTB0” mporpaMMHbIX KoMiiekcoB ACTPA-HOBA’2023 ™
JIJIsl AaBTOMATH3MPOBAHHBIX PACYETOB TPYOONPOBOAHBIX CHCTEM
10 BbIOOPY OCHOBHBIX Pa3MeEPOB, HA CTATHYECKYI0 M IMK/INYECKYI0 IPOYHOCTD, HA
ceiicMuuecKmne BO3}ICﬁCTBHﬂ, BHﬁpOHpO‘lHOCTl) U JTHHAMHYECKHE NMPOLECCHI
B COOTBETCTBHUHU C pOCCﬂﬁCKI/IMI/I HOPMAaTUBHBIMH TpeﬁOBaHI/IHMH

Oo01ree onmucanue

. AC TPA-AIC™ (ammecmayuonnviii nacnopm Pocmexnaozopa Ne292 om
' P 14.04.2011, pee. Ne614 om 16 09.2009) — 1HA> I-7-002-86.

Hopmut pacuema na np Mo A u mp 008 amoMHbIX
anepzemuueckux ycmanoeox. MT-T.0. 03 326 13. MemoduKa pacuemuozo ananusza
ceiicmocmoukocmu r1emenmos oeticmeyroujux AIC ¢ pamxax memooda zpanuyHol
celicmocmoiikocmu

06.08.2019) — P71 10- 249 98 Hoprt pacuema na npoYHOCHLb
CMAUUONAPHBIX KOMI06 U MPYyGOnpo6o00s napa u 20psaueil 600bl

06.08. 2019) PTM 38.001-94. Ykazanus no pacuemy Ha RpOHHOCHIb
U euOpayulo MexHON02UUeCKUX CmanbHulx mpyoonpoeooos, I'OCT
32388-2013 Tpybonpoeodsr mexnonozuueckue. Hopmvr u memoowt
pacuéma na nPOUHOCMb, BUOPAYUIO U CCILCMUUCCKUEC 6030CIICMEU

¢ ACTPA-T EHJIOCE Th ™ (cepmugpuxam coomsemcmeus Noe RA.RU.4586.H01185

om 06.08. 2019) — PJ 10-400-01. Hopmel pacuema na npouHOCHIb
mpyoonpogodoe mennogvix cemeii, I'OCT P 55596-2013 Cemu
mennoevie. Hopmsl u memoowt pacuéma na npounHocmy u ceiicmuveckue
6030eiicmeus

\ LR
. AC T PA-MAF HUCTP W(cepmu(jmkam coomseemcmeuss Ne RA.RU.4586.H01185 om
——

06.08. 2019) — CHull 2.05.06-85. Mazucmpanvnvie mpyéonpogoost,
CIT 36.13330.2012 (axmyanusuposannas pedaxyus CHull 2.05.06-85%)
Mazucmpansusie mpyoonpoeoovt 'OCT P 55989-2014 Mazucmpanvhoie
2a3onpo6oovl. FOCT P 55990-2014 IIpomsiciiossie mpyoonposoos

. AC TPA- CB,ZZTM (cepmuqbukam coomseemcmaust Ne RA.RU.4586.H01185 om

06.08. 2019) — PTM 26-01-44-78. /lemanu mpyoonpoeodos na
oaenenue ceviuie 10 0o 100 MIla. 'OCT P 55600-2013. Tpyowt u demanu
mpyoonpo6odoe na Oaenenue ceviue 100 0o 320 MlIla. Hopmer u
Memoovl pacuema Ha NPOUYHOCHY

. ACTPA C Y/IITPOZVITM (cepmugpuxam coomeemcmeus Ne RA.RU.A586.H01185 om
e & e

06.08. 2019) — PJ/]5P.4322-86. Tpybonposoowr cyooevie. Memoouka
pacuemoeg Ha cmamuvecKyro u Jua/wuumoaylo npounocme. P/I5P.5137-
73. @nanyesvie coedunenus cy008blX MmMpYOGONPO6O00E U CUCHEM.

S Memoouka u HOpMbBL pacuema HA RPOYHOCHb U RIIOMHOCHLL
. ACTPA C TA/]I/IO ™ (ammecmaWOHHbzu nacnopm Pocmexuadzopa Ne292 om
14.04. 20]1 pee. Ne614 om 16.09. 2009) — ymouHneHHBll pacuem

i memnepamypnozo nona, HJ/JC wu npounocmu Oemaneit mpyoonpogooos:
MPOIIHUKOG, 0OME0006, NEPex00086, IUH306bIX KOMREHCAmopos u 0p. (0bonoueunvie
u mpexmep ynpyzue u ynp, nacmuyveckue cxemovt MK9)

e
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CTA[HO, ACTPA-HOBA, ACTPA-ADC, ACTPA-TOC, ACTPA-HE®TEXUM, ACTPA-TEIIJIOCETH,
ACTPA-MAT'UCTP, ACTPA-CBI/, ACTPA-CVIIIPOM, ACTPA-HETAJIb, ACTPA-CTAL], ACTPA-DOPM,
ACTPA-CEHCM, ACTPA-BUBP, ACTPA-IUH, ACTPA-CTAIUO, IIPE-ACTPA, ITOCT-ACTPA smasiotcs
3aperucTpupoBaHHEIMU B Poccrmt u ap. crpanax CHI™ toproBemvu Mapkamu 3AO “‘HaydHo-HccienoBaTenbCKuii
uentp Cra/luO” (HALL CtalnO).

IBM siBisiercst 3apervcTpupoBaHHONW TOproBoil Mapkol kopropauuu International Business Machines.
Windows, Word, Visual C++ sBrsiroTcst 3aperucTpupoBaHHBIME TOproBomvMu 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 Mapkoi kopropaumu Compag, Intel Fortran 11 —
3aperHCTPUPOBAHHON TOProBoii Mapkoi kopriopawu Intel. Jlpyrue HasBanust (paOpHYHBIX MApOK WIIH MPOIYKTOB
SIBIISICTCS 3aPETMCTPUPOBAHHBIMI TOPTOBBIMU MAapKaMK COOTBETCTBYIOLIMX KOMITAHHH.

""CemeiicTBO” mporpaMMHbIX KomiuiekcoB ACTPA-HOBA’2023 (peans 202311).
ABTOMAaTH3MPOBaHHbIE pacyeTbl TPYOONPOBOIHBIX CHCTEM MO BbIGOPY OCHOBHBIX
pa3MepoB, HA CTATHYECKYI0O U HUKJIMYECKYI0 MPOYHOCTH, HA celicMUYecKHe Bo3eiicTBHS,
BHOPONPOYHOCTH W JAHHAMHYECKHE TMPOLEeCChl B COOTBETCTBHH € POCCHHCKHMH
HOpPMaTHBHBLIMH TpeboBaHusiMu. O01iee onucanue.

Hacrosmpii IOKyMeHT COnep)KUT OOIlee OMMCAHHEe METOAMYECKMX W HOPMATHBHBIX OCHOB,
anroput™MoB 1 miporpamm komiviekca ACTPA-HOBA’2023 (Windows-sepenst wist 1BM-coBmecTMbIX
KOMITBIOTEPOB), TIPE/IHA3HAYCHHOTO /TSl aBTOMATH3MPOBAHHOIO PacyeTa MPOM3BOJIBHBIX MPOCTPAHCTBEHHBIX
Pa3BETBIICHHBIX TPYOOIPOBOIHBIX CHCTEM Ha CTAaTHYECKYI0 M LMKIMYECKYI0 HpOYHOCTH (Hporpamma
ACTPA-CTAILI), ua ceficvmueckue Bozneiictaus (ACTPA-CEHCM), na subponpousocts (ACTPA-
BHBP) u HeycranoBusiuvecs: auHamuueckue npouecchl (ACTPA-/IHH), 1t yTOYHEHHBIX pacyueroB
Ieraeii mo oOomodedHbM M TpexMepHbM cxeMaM MKD (ACTPA-CTA/IHO), a Ttacke i
«TIpEIBAPUTENIBHOTOY» pacuéra 10 BHIOOPY OCHOBHBIX pasmepoB (ACTPA-/JETA/Ib) B COOTBETCTBHHM C
TpeboBanmsvu 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-TEITIOCETB), CHulI 2.05.06-85, CII 36.13330.2012, TOCT P 559892014, TOCT P 55990
2014 (ACTPA-MAT'ICTP) u TOCT P 55600-2013, P/ PTM 26-01-44-78 (ACTPA-CB/]) , PII5P 4322-
86, PISP 5137-73 (ACTPA-CYITPOM). TlpuBerieHo ornmcaHue cearca pador ¢ komiuiekcom 4CTPA-
HOBA’2023, Bximrouasi PeXAMBI TPEIPOLICCCOPHON TIOTOTOBKKA HCXOIHBIX JaHHBIX (ITPE-ACTPA),
MPOBEZICHUST PAacieToB M TIOCTIIPOLISCCOPHON 00paboTku  pe3ynbratoB  pacueroB  (IIOCT-ACTPA),
TIPOLIC/TYPbI MHCTALTALAN KOMILICKCA M CBOIKU AMArHOCTMYECKUX COOOLLICHHH.

© HayuHo- ucciaenosarenbckuii nentp Cra/luO, 2023 r.
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AnHOTaIus

AHHOTaNNA

Hacrostmuii JTOKyMEHT COAEpXKHUT 0OIlee ONMUCAaHWE METOJAMYECKUX H
HOPMATHBHBIX OCHOB, aJTOPUTMOB U mporpamm ‘“‘cemeiictBa” ACTPA-HOBA’2023
(Bepcust mnst [I9BM  IBM-coBmectumbix, penu3 202311), npenHasHadeHHOTo JUIs
ABTOMATU3MPOBAHHOTO MPOEKTUPOBAHHUS W ITIOBEPOYHBIX PAcYETOB IPOM3BOJIEHBIX
MIPOCTPAHCTBEHHBIX Pa3BETBIECHHBIX M TNPOTSDKEHHBIX TPYOONPOBOAHBIX CHCTEM Ha
CTaTHYECKYI0 M LUKJINYecKylo npouyHocTh (mporpammbl ACTPA-CTAL] u ACTPA-
CTA/THO), ua ceiicmuaeckue Bo3neiictsus (ACTPA-CEHCM u ACTPA-CTAJHO),
Ha BuOponpouHocTs (ACTPA-BHEP), HeycTaHOBUBLINECS THHAMHUYECKUE TPOIECCHI
(ACTPA-JTHH), a taxxe mis pacdéra 1Mo BbIOOpY OCHOBHBIX pasmepoB (ACTPA-
JETAJIb) B COOTBETCTBHH C TpeOOBaHMAMH JEHCTBYIOIMX poccuiickux Hopm
IMHAD T'-7-002-86 (4CTPA-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, T'OCT P 55989-
2014, TOCT P 55990-2014 (ACTPA-MAT'HCTP), TOCT P 55600-2013, P PTM
26-01-44-78 (ACTPA-CB/), PA5P.4322-86, P15P.5137-73 (ACTPA-CYIIPOM).

[MpuBeneHo TakXxke omucaHHe ceaHca pPadOT € KOMIUIEKCOM CeMelcTBa
ACTPA-HOBA’2023, Bxiodasi pe>XUMBI MPETIPOLIECCOPHON ITOATOTOBKH HMCXOJIHBIX
JIaHHBIX — mocTtpoeHus pacdetHoi monenu (ITPE-ACTPA) — v mocTnpoLeccoOpHOit
o0pabotku pesynpratoB pacuetoB (IIOCT-ACTPA), cBOIKH TUArHOCTHYECKUX
COOOIIEHNH, MpOUEAYyphl HWHCTAJULIMM CEMEHCTBA, €ro COMpPOBOXKICHUS W
OOHOBIICHHSI.

B Bepcun ACTPA-HOBA’2023, smisiomieiics 3aKOHHOW W JTOCTOHHOM
IIpeeMHULIEH IIOKOJICHUS kommiekcoB ~ ACTPA-AC u  ACTPA-T3C
“nonepconansHoi” 3pel (1976—-1989 rr.), arrecroBanHoil B ['ocatomHamzope PD
Bepcun 6.1 xommuexca ACTPA-AJ3C (arrectaumoHHeld macmopT Ne 40 ot
21.12.1995r.), xomrutekca ACTPA-ADC’2009, arrectoBaHHblii B Pocmexuadsope
(attrecranmonnsiit 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 MNPOYHOCTH
tpybonpoBogoB Temnocereid (ACTPA-TEIIVIOCETD) v MarucTpaibHbIX TIa3o-,
Hedre- u HepTenpoaykronpoBonoB (ACTPA-MAT'HCTP). Ilporpamvmelr ACTPA-
T3C, -HE®TEXUM, -TEIUIOCETh, -MAT'HCTP, -CB/J] , -CYJIIPOM B
OUYepeHON pa3 CepTUPHUIMPOBAHBI B “‘OpraHe IO CepTU(UKAIMH IIPOTPAMMHON
mpoaykuuu B crpoutensctBe” OOO LCIIC Ha cooTBeTCTBHE TpPeOOBAHMSIM
CllelyIoIMX HOpMaTuBHBIX aokymenrtoB: PJI 10-249-98, P 10-400-01, I'OCT P
55596-2013, PTM 38.001-94, I'OCT 32388-2013, CHuIl 2.05.06-85, CII
36.13330.2012, I'OCT P 55989-2014, I'OCT P 55990-2014, I'OCT P 55600-2013,
P PTM 26-01-44-78, PJ15P.4322-86, P/A5P.5137-73, CHull 2.01.07-85, CII
20.13330.2016, CHulII 11-7-81, CIT 14.13330.2018, (ceprudukar coorBercTBUst No
POCC RU.CIT15.H00100, cpox neiicteus ¢ 01.07.2009 r. mo 01.07.2011 r.,
ceprudurar coorserctBus Ne POCC RU.CIT15.H00415, cpoxk neitcreus ¢ 01.07.2011
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Kommnuexe nporpamm ACTPA-HOBA'2023

r. mo 30.06.2013 r., ceprudurar coorBercTBusi Noe POCC RU.CIT15.H00630, cpox
nevictBust ¢ 12.07.2013 r. mo 11.07.2015 r., ceprudurar coorBerctBusi Ne POCC
RU.CII115.H00848, cpok aeiictust ¢ 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.).

CyIIeCTBEHHO PacHIMPEHBI BO3MOXKHOCTH “TPAaJULIMOHHBIX PacueTHBIX Mpe-
u nocrtnpoueccopa (ITPE-ACTPA u IIOCT-ACTPA), peanu3oBaHa IBYCTOPOHHSI
csi3p ¢ m3BectHbiMu CAIIP TII'C (CADWorx/PIPE, PDS, SmartPlant 3D u mp.).
JIONIONMHUTENEHO — peanan30BaHBL:  OTPBIBBI  TPYOONPOBOJOB OT OMOpP  TPEHHA
(OZHOCTOPOHHHUE CBS3M), BA3KOYIIPYTHe NeMIlipepsl, COOCTBEHHBIC TEMIIEpaTypHBIC
MEpEMEIIECHUsT MPOMEXYTOUHBIX OIOp, 000J0YeYHAsi MOJATIMBOCTE HE TOJIBKO
otBooB (dddexr Kapmana), HO © TPOHHHKOBBIX COEAMHEHHH, OIIEHKa
TepMETUYHOCTH (hmaHIEBBIX COEIMHEHUH, pacder HaNpsUKCHAHN B
“HEHOPMaJIN30BaHHBIX " JINH30BBIX U CHJIb(QOHHBIX KOMIIEHCATOPAX, MOUCK KOJUIM3HN
B ICXO/IHOM H 1e()OPMUPOBAHHOM COCTOSIHHSIX, MHOTO APYT'HX MOJIE3HBIX (DYHKIIUA.
BaxxHbpIil KauyeCTBEHHBIM IIAr CAEIAH M B YTOYHEHHOM YYe€T€ CTaTUYECKUX U
JUHAMHYECKUX XapaKTEPUCTUK CIIOKHBIX ITOJICHCTEM (I€TaIH, ONOPHBIE KOHCTPYKIIUH
n obopynoBaHue) B cocTaBe oOOmed Moaenn TpyOONpOBOMHONH CHUCTEMBI —
(opMHpOBaHHE M UCIOJIB30BAHHE T.H. PEIYLUPOBAHHBIX CYNEPINIEMEHTHBIX MaTPHIL
BIMSAHUS ()KECTKOCTH, Macc, Harpy3ok) Kpeiira-bemnrona.

B cocraBe u npu nonuHoi coBmectumoct ¢ ACTPA-HOBA’2023 (a taxxe
aBTOHOMHO) rtoctaBisiercs moacucrema ACTPA-CTA/[HO s yTOYHEHHOTO pacyera
TEMIIEPaTypHBIX ~ TIOJIEH,  HaNpsHKEHHO-Ae(OPMHPOBAHHOTO  COCTOSHUS (110
MIPOCTPAHCTBEHHO-000JOYEYHBIM W  TPEXMEPHBIM CXEMaM METOJa KOHEUYHBIX
3JIEMEHTOB), CTaTMYECKOH, NMKIMYECKOM M CEHCMHUYECKOH MPOYHOCTH TSKEIO
HAarpy’»KCHHBIX JeTaled TpyOONpPOBOJOB — OPTOTOHAJBHBIX M KOCBIX TPOIHHMKOB
(cBapHBIX U IMITAMIOBAaHHBIX, C HAKJIAJAKAMH U TUIAKUPOBKOI), OTBOJIOB U THOOB (B TOM
YHCclie, CeKTOPHBIX C YYETOM JIIMNTUYHOCTU M TNEPEMEHHON TOJIIMHBI CEYEHUs),
KOCBIX CTBIKOB, KOHMYECKHX II€PEXO/IOB, JMH30BBIX/CHIL(OHHBIX KOMIIEHCATOPOB,
cBapHbIX coenuuenuit u np. [omguepkuem, uto ACTPA-CTA/HUO siBnsieTcs MOLTHBIM
WHCTPYMEHTOM HE TOJIBKO B pyKax pacueTYMKa-IPOEKTHPOBIIMKA, HO M (B emle
GoutbIIIe CTETICHH, 110 CYTH, O€3aIbTEPHATHBHO) — HCCIIEA0BATEIS M AUATHOCTA.
Hacrosmass Bepcus jomyckaeT pacdyeTHOe OOOCHOBaHME CYIIECTBEHHO Ooiee
CIIO)KHBIX TPYOOIIPOBOAHBIX CHUCTEM (C OIIYTUMO OOJNBIIEH CKOPOCTHIO CUeTa) MpHU
MOJTHOM COBMECTHMOCTH IO HCXOAHBIM JaHHBIM W TpPH  IOATBEPKACHHOM
HUICHTUYHOCTH COTIOCTaBUMBIX PE3yNbTaToB ¢ Bepcmsimu 6.1, 6.2, -99, 2001, 2003,
2005, <2007, <2009, ‘2011, ‘2013, 2015, “2017.

JlokyMeHTanusi 0 BCEMY CEMENCTBY BBIXOJUT B KOMIIAKTHOM ‘‘KapMaHHO-
KopobouroM” opmate, mocrasisiercst B Oymakaom Buae, Word- u pdf-cdaiimamu. C
Y4ETOM BBIIIECKA3aHHOTO BBIMYIIEHBI TAK)K€ OTIENbHBbIE TOJTHOICHHBIE JOKYMEHTHI
Obwee onucanue. Ilpunosicenus (TMONe3Has, HO HeoOs3aTeNabHAS IS “pPSIOBOrO”
niosib3oBarens nadopmanus), Cearc 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 2023

1. BBenenune

Kommexcel nporpamm cemeiictea ACTPA-HOBA’2023 (Bepcus mia IBM-
COBMECTUMBIX, pein3 202311), akkyMyIHpYIOIIMe MHOTOJISTHUI OIBIT pa3paboToK U
WHTEHCHBHOW  OKCIUTyaTallM, IIpelHa3HAa4eHbl JUIS TOBEPOYHBIX  pacyeToB
MIPOU3BOJIBHBIX MIPOCTPAaHCTBEHHBIX Ppa3BETBIICHHBIX u TIPOTSHKEHHBIX
TpyOOIIPOBOAHBIX CHCTEM AaTOMHBIX M TEIUIOBBIX (Mapa © Topsiueil BOIBI)
SHEPreTHYEeCKUX YyCTAaHOBOK, HedTexumMuiyecknx W HedrenepepadaThIBalOmINX
MIPOM3BO/ACTB,  TEIUIOBBIX  CETEH, MarucTpaibHBIX ~ Ta3o-,  Hedre- U
HE(TENpPOIYKTONPOBOAOB, TPYyOONPOBOAOB BBICOKOTO JIABICHHS W  CYHOBBIX
TpyOOIIPOBOAOB Ha CTATUYECKYIO U IIUKINYECKYIO IPOYHOCTh (IIPOrpaMMHBIE MOJLYJIH
ACTPA-CTAI] n ACTPA-CTA/THO), Ha celicMUYeCKUE BO3JICHUCTBUS, 3a/JaHHBIC
crieKTpaMu OTBeTa U akceneporpammamu (ACTPA-CEHCM, ACTPA-CTAJHO), na
BUOPONPOYHOCTh JJIsl YCTAHOBUBIIUXCS PEKHUMOB MOHO- W MOJIMIAPMOHHYECKUX
konebaunii (ACTPA-BHBP) w Ha HEyCTaHOBHMBILIMECS TUHAMHYECKHE IIPOIECCHI
(ACTPA-JTHH) B COOTBETCTBHH C TpPeOOBAaHHUSAMHU CHCTBYIONINX POCCHHCKUX
HOpMaTuBHBIX A0kyMeHToB Hopm ITHAD I'-7-002-86 (4CTPA-A3C), P 10-249-98
(ACTPA-T3C), PTM 38.001-94, TOCT 32388-2013 (ACTPA-HE®TEXHUM), P/
10-400-01, FTOCT P 55596-2013 (ACTPA-TEIIV/IOCETbH) u CHull 2.05.06-85, CIT
36.13330.2012, TOCT P 55989-2014, T'OCT P 55990-2014 (ACTPA-MAT'HCTP),
TOCT P 55600-2013, P PTM 26-01-44-78 (ACTPA-CBJ), PI5P.4322-86,
PJA5P.5137-73 (ACTPA-CYJIIPOM) B 1poliecce  aBTOMATU3UPOBAHHOTO
MIPOEKTUPOBAHUS U (WJIN) ANATHOCTHKU-MOHUTOPHHTA.

B cocraBe u nipu monHOH coBmectumocTn ¢ ACTPA-HOBA’2023 (a takxke
ABTOHOMHO) cymiecTBeHHO pa3Buta nojcucrema ACTPA-CTA/JHO nns yTOYHEHHOTO
pacuera Temneparypubix noned u HJIC (mo o0o0oueyHBIM M TPEXMEPHBIX CXeMaMm
METOJIa KOHEYHBIX OJJIEMEHTOB), CTAaTHYECKOW, ITUKIMYECKOH M CEeHCMUYECKOU
MPOYHOCTH TSDKEIO HArpy)KEHHBIX JeTaneil TpyOOonmpoBOJOB — OPTOTOHAIBHBIX H
KOCBIX paJUaJbHBIX TPOWHHMKOB (CBapHBIX M INTAMIIOBaHHBIX, C HAaKJIaJKaMH H
IUTAaKUPOBKOH), OTBOJIOB, TMOOB M KOJEH (B TOM YHCJE, CEKTOPHBIX, C y4YETOM
MIPUCOEANHEHHBIX TPYO, MIMNTHYHOCTH M MEPEMEHHOM TOJIIIMHBI CEYCHHS ), KOCBIX
CTBIKOB, JINH30BBIX M CHIIL()OHHBIX KOMIIEHCATOPOB, KOHMYECKUX MIEPEX0I0B, CBAPHBIX
COEJIMHEHU U Jp.

BakHblll Ka4yeCTBEHHBI IIAr cAElaH M B YTOYHEHHOM Y4YeTe CTaTUYECKHX W
JUHAMHYECKHX XapaKTEPUCTUK CIIOXKHBIX IOJICHCTEM (I€TaIH, ONOPHBIE KOHCTPYKIIUH
1 000pyIOBaHHE) B COCTaBE OOMLICH CYNEepAIEMEHTHOW MOAETH TPyOOIpOBOIHOM
cucTeMbl — (hopMHUPOBaHKE U UCIOIB30BAHNE T.H. PEAYLIMPOBAHHBIX MATPUII BIUSHUSA
(>xecTroCcTH, Macc 1 Harpy3o0k) Kpeiira-bemmnTona.

Jpyroil mo CI0XKHOCTH «IOJIOCY» MPOYHOCTHBIX PAcCUeTOB NPECTABJICH, HAYMHAS C
Hacrosiiedt  Bepcun  ACTPA-HOBA’2023, BHOBb  pa3paboOTaHHBIM MO
MHOTOYHCIICHHBIM «3asiBKaM 1yOnukn» monynem ACTPA-/JETAJIb — pacyer mno
BEIOOPY OCHOBHBIX pa3MepoB JleTajeH.
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Baenenne

Bepcuss ACTPA-HOBA’2023 nomyckaeT pacueTHOE OOOCHOBaHHE CYIIECTBEHHO
Ooiee CIOXHBIX TPYOONPOBOIHBIX cHCTeM (C OOJNBIIEH CKOPOCTBIO cUeTa) Ipu
NOJIHOW COBMECTUMOCTH IO HCXOJIHBIM JIaHHBIM W TOpPU  HOATBEPXKISHHOU
UICHTHYHOCTH pe3ysbTaToB ¢ Bepcusmu 6.1, 6.2, ‘99, ‘2001, ‘2003, ‘2005, ‘2007,
2009, ‘2011,°2013 ,°2015, *2017.

Hacrosmmii JTOKYMEHT COAEPKHT OIUCAHHE HOPMAaTHBHO-METOIMYECKUX
OCHOB, pacyeTHBIX  Mojelieif, BBIYUCIUTENBHBIX  AJITOPUTMOB,  OCHOBHBIX
XapaKTepUCTUK W BO3MOXKHOCTEH Komrutekca mporpamm ACTPA-HOBA’2023, a
TaKKe ceaHca pabOTHI MTOJIB30BATENSI ¢ KOMIUICKCOM, BKIIFOUYasl TUAJIOTOBYIO CHCTEMY
MTOTOTOBKY HCXONHBIX MaHHEIX (ITPE-ACTPA) n IOCTIIPOIIECCOPHOE TIPEICTABICHIE
pesynbratoB pacuera (IIOCT-ACTPA). llpuBomsarcst OCHOBHBIE CBEICHHS O
nBycroponneii csisu ¢ m3Bectabivu CATIP TII'C (CADWorx/PIPE, PDS, SmartPlant
3D u np.). [IpuBoauTcs omucanne KOMIUIEKCA U MIPOLEAYPhI €r0 MHCTAIUIALINY.

[Iporpammasie komiiekcel cemeiictBa ACTPA-HOBA’2023 neransHO
JIOKyMEHTHPOBAHBI ¥ BEpU(HULINPOBAHBL

Kopneoii “cuctemoobpasyromiuii” komiiekc ACTPA-AIC Obln IepBbIM U3
oteuectBeHHBIX [IK ammecmosan 6 ['ocamomnaosope PD (nacnopm Ne 40 om
21.12.1995 2, pee. Ne 9 om 05.06.1995 2.), 8 2009-2011 rr. mpoien “miaHOBYO”
nepearrecTanuio B Pocmexnadsope (C y4eToM BCeX HOBBIX BO3MOXKHOCTEH, nacnopm
Ne 292 om 14.04.2011 2., pee. Ne 614 om 16.09.2009 2.), BHepeH B Beaynmx Gpupmax
orpaciu (OAO “Artomduepronpoekt”’, OKb “Tmapompecc”, IIK® “Pocaneproatom”,
CeepnHNNXuMmMam, AO POCOII, 3A0 “Cemsanepronpoexr”, OAO 3UOMAP,
3A0 “Texnonpoexr”’, HTL I'ocaromuranzopa P®, 3A0 «PAOITPOEKT», Kuesckuii u
Xapokosckuit “Ouepromnpoext”’, HITO “Bekrop”, HTL] AAPb Ykpaunsl, Enepronpoext
(bomrapus), Urnammuckas ADC wm ap.) u ne-pakrto sBISETCS CTAaHAAPTOM B
“HOCTCOBETCKON” aTOMHOHN »HepreTHke. HakoruieH MHOTONETHHH W MHOTOTPaHHBIN
OIBIT IIMPOKOTO BHEJPEHUS KOMIUIEKCa M €ro WCIOJIb30BaHHS B pacyeTHBIX
UCCIIEJIOBAaHUAX TPYOONPOBOAHBIX CHCTEM, BaXKHBIX s Oe3zomacHocTd Kypckoid,
Cmonenckot,  Jlenunrpanckoit,  bumuOunckoir,  Koibckoi,  3amopokckoi,
HoBooponexckoii, bamakoBckoli, Bonromonckoi, ApmsHckol, bemosipckoit u
Urnanunckoit ADC, ADC “Koznonyit” n “benene” (bonrapus), “Tlakm™ (Benrpus),
“JloBnza” (@uunsumus), “bymep” (Mpan), “Kymankynam” (Mumus), “TsHpBanbp”
(Kwurait) n npoextoB AC HoBoro nokosieHus. Mimerorcst nmonoxurensHble pedepeHyun
CIICIMANTCTOB BeAylux 3apyOexHbx ¢upm Siemens AG (I'epmanusi), EDF
(®panmms) n Westinghouse (CILIA).

Kommnekcst ACTPA-TIC, -HE®@TEXHUM, -TEIIVIOCETD, -MAT'HCTP, -
CB/1, -CYAIIPOM B ouepemnHOW pa3 cepmuuyupogansl 6 “opeane no
cepmugpukayuu  nPOSPAMMHOU  npodykyuu 6 cmpoumenscmege” 000 L[CIIC
(ceptudurar coorBerctBust Ne POCC RU.CIT15.H00100, cpok aeitcreus ¢ 01.07.2009
r. mo 01.07.2011 r., ceprudurar coorBercTBusi Noe POCC RU.CIT15.H00415, cpok
nevicteus ¢ 01.07.2011 r. mo 30.06.2013 r., ceprudukar coorBerctBus Ne POCC
RU.CII15.H00630, cpok neiicteust ¢ 12.07.2013 r. mo 11.07.2015 r, ceprudukar
cootBerctBust Ne POCC RU.CIT15.H00848, cpox neiictBus ¢ 13.07.2015 r. mo
12.07.2017 r., ceprudukar coorBerctBus Ne RA.RU.AB86.H01034, cpok neiicTBus ¢
13.07.2017 r. mo 12.07.2019 r., ceprudukar coorBerctBuss Ne RA.RU.AB86.H01185,
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cpok nmeiicteust ¢ 06.08.2019 r. mo 05.08.2022 r.) u ucmone3yores B “drarmanax”
cooTBercTByrommx  orpacieii: OAO  “Atomdmeprompoext”, OAO  “C-IL
Atomanepronpoekt, ®I'YIT “I'CIIN”, YpanOpI'POC, UL “YpanTIII”, OI'K-5
(Exarepun0ypr), Kuesckuii “DHeprompoext”, “Onepromair” (C-Ilerepoypr), AO
“Termonpoext”, OAO 3UOMAP, Ilogonsckuii MamuHOCTpOUTENbHBIN 3aB0a, OAO
"OMAnbsuac" (ITomonmbek), AO “T'mnpoxmcnopon”, OAO “MocaHepronpoexr”,
Kazanckuii u Jlnenponerposckuit HUITNDuepronpom, 3A0 “3apybexanepronpoext”
(MBanoBo), MAILl “Kysbaccrexanepro”, AO “Kpacubiit kortensumk” (Taranpor),
OAO “HMHxeHepHBII LEHTP SHEPreTUKU Ypana” (ExarepunOypr),
Upkytcksnepropemont, 3A0  “KOTOC-Cubups”  (HoBocmbupck),  HBII
“Typ6okommnexr” (BmammBoctok), HonOpI'POC (Homenk), ‘“Asosrumpomes”
(Mapuynons), bemnepropemuananka (MuHck), “BunbHioc anektpuHaii”’, JInToBckas
I'P3C, “KasPocOueprollpoekr” (IlaBmomap), AO ‘“Pssamckuit HIIK”, AO
“JIVKOMJI-TTHOC”  (Ilepmp), AO “CnaHeprts-SIHOC” (Spocnasms), I10
“HAO®TAH” (Hosomnononk), AO BHUIIMHedts, BonrorpasHUIIMHedts, AO
JlenHUNXummam, AO  HpxkHUUXummam, “Jlonac  texnomomxku’, 11O
“Xumrexnonorus” (Ceepmorenk), OAO “AnrapckHedrexumnpoekt”’, CasHCKHN
“ITlonumMepniact”, AO “OMCKHEPTEXUMIIPOEKT”, AO “Kpuorenmam”,
Yxpuedrexumnpoekt, HII3 Komcomonsck-na-Amype, IOxxHUUT unpol a3 (Jonenk),
000 “VpanlIpombesonacnocts”, I'VII “Mocunxmpoext”, “MocnpoMTpaHCIPOEKT”,
OAO “MockoBckast TerutocereBass kommanus’, AO “Umxleo” (Kpacnomap),
BHMUIINTpancras (Kues), HTI] “Hagpmvrasnpom”, I'unpotromeHHedTeras, BO MHOTUX
CPeIHHX W MaJBIX (pHpMax.

Vuusepcurerckue Bepcun ACTPA-HOBA mHpoKO WCHONB3YIOTCA B
nponecce OOydeHUs, MPAKTHKH, AWUIUIOMHBIX PabOT M HCCIEIOBAaHMN CTyJCHTOB
/acTiupaHTOB/IOKTOPaHTOB/TIpenofaBaTenicii  psagom  Beaymux BY3os: MI'CY
(MUCH), MBU (TY), MI'TY um. baymana, Axanemus Hedt 1 raza um. ['yOkuHa,
Mepmckuii, Upkyrckuit, VYdumckuit, Opnosckuit u  MBaHo-DpaHKOBCKHil
TEXHUYECKHUE YHUBEPCUTETBI, PAJ] JPYTHX.

HexoTopble cpaBHUTENbHBIE XapakTepucTUKK Bepcuit 2001 (2001r.) u 2023,
MIPUBE/ICHHBIE HIXKE, YOEIUTENFHO CBHUAETENBCTBYIOT O BICYATIAIONIEM pOCTE
BBIYMCIMTENBHBIX ~ BO3MOXKHOCTEH, TIO3BOJIAIONIMX  TENEpPh  MOJCIUPOBATH |
aHAIM3MPOBATh TPYOOIIPOBOJHBIE CHCTEMBI IPOU3BOJIBLHOM CIIOKHOCTH.

(i XapakTepUCTHKH ACTPA 2001 ACTPA’2023
[Urcrio y350B CTHIKOBKH CymepaIeMeHTOB 1-250 0-4000
[Uncrio HepasBeTBIeHHBIX CynEpaIeMEHTOB 1-500 1-4000
"LII/ICJ'IO «MAaTPUYHBIX» CYNEPIIEMEHTOB — 0-4000
[Yrcro snementos (oTpeskon) 2-20000 1-1600 000
ancno IMHAMHUYECKHUX CTEIIEHEN CBOOOIBI 3-1500 1-60000
[Uncio coGerennbIx yactoT 1 hopm 1-200 1-4000
[UricI10 aroB MHTErPUPOBAHKS [0 BPEMEHH 1-600 1-60 000
“CkopocTtp” cueTa (YCIOBHBIC €IMHHIIbI) 5 10-20

Tun [I19BM (He HIKE) Pentium IBM-coemecmumote
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Baenenne

32Mb RAM 512Mb RAM

NDP Fortran | Intel Visual Fortran 13,

(OCHOBHBIE SI3BIKI mnporpamm Grafor, Connel Visual C++, FaStReport

Cymmupys MHorouucineHusle mnpeumymectsa ACTPA-HOBA’2023
HMEIOIIAE BAXHOE CAMOCTOSATCIFHOE 3HAYCHHE, KOHCTATHPYEeM BICPBHIC B
OTEYECTBEHHO!N MPAKTUKE NOCTUTHYTHIA M 3aKPEIICHHBIA YK€ MHOTOJICTHHM OIBITOM
HCTIIOJH30BAHUS KAUYECTBEHHO HOBBIA YPOBEHh KOMIICKCHOTO aBTOMATH3HPOBAHHOTO
pacdeTHOro  OOOCHOBAaHWS ~ CTAaTHYECKOM W [UKIMYECKOW  TMPOYHOCTH,
CEHCMOCTOMKOCTH, BHOPAaIlMOHHOW W JAWHAMHYECKOW MPOYHOCTH HA TOCTYITHBIX
MEPCOHANBHBIX ~ KOMITBIOTEPAX:  mMpYOONpoBOOHble — cucmembvl  NPOU3BOTbHOU
CIONCHOCMU MOJCHO (U cledyem) ONepamueHo U MOYHO MOOeIUposams ¢
UCNONB308AHUEM NPEUMYUECNE PEANU308aAHHbIX COBPEMEHHBIX YUCTIEHHbIX Memooos,
Windows- u CAIIP-mexnonozuil, ananusuposams 6 NOIHOM COOMEEHCMEUU C
mpebosanuamMu  OelUCmEYIOWUX  POCCUUCKUX HOPM U  ONMUMUBUPOBAL  NO
NPOYHOCMHBIM ~ KpUMepUsM, He npubecas K GbIHYICOCHHbIM U,  3A4ACTYIO,
He0OOCHOBAHHBIM YNPOUCHUSIM U YMOTYAHUSM.

Kommnekcsr mporpamm cemeiictBa ACTPA-HOBA’2023 pa3zpaboTaHsl B
3A0 “Hayuno-uccnenoBarensckuii nentp Cra/luO” (HHUL[ CraluO) mnon
PYKOBOJACTBOM T€HEPAIILHOIO AUPEKTOpa, wieHa-koppecnonaeHTa PAACH, nokxropa
TEXHHYECKHX HayK, mpodeccopa bemocrokoro A.M., OTBETCTBEHHBIE HCTIOIHUTENN —
1. crermanuct BoponoBa I.A., rn. cnemmammer Ilotamenko A.JIl., HaywHBIH
corpymauk Ayn A.A., mmxenep Kymnapenko W.B. m Hayunsiii corpynauk Kiermer
0O.10. B pa3paborke npunumanu ydactue cT. utkenep lllumkuna A.H., nmxenep-
marematuk Harubosuu AWM. u wumxenep Jsnuenko FO.M., B TectupoBaHun
QNTOPUTMOB M TporpaMMm — Bel. umxkeHep Konosuiikas JI.B., HayuHBIH COTpYAHUK
Ayn A A. u x.T.H. unxernep Octposckuilt K.J., B TOKyMEeHTHPOBaHUM — BEJl. HHXKEHEP
Tpodumosa I'.U., cr. umxenep IlerpoBa O.A., pedepentsl Pynkas C.A. n Pynkas
AM.

B WH)XEHEpHO-IPaKTHYECKOH TOCTAaHOBKE psAga 3a1ad W aHajm3e
MOJYYEHHBIX  PE3yJIbTATOB  JICSATENBHOE ydJacTHE TNPHHUMAIM  CIICIHAIUCTEI
“I'maporipoext” m OAO “Artomduepronpoexr” (Pymkoit A.B., Mebenr B.A.,
Hosuxosa N.B., OcumoBa 3.H., Yekmapes E.C., [lomomsckas E.I1., Koroa H.B. u
ap.), OKb ‘“Twumponpecc” (Jlskumesa M.Jl., Cepomrran C.H.), AO “POCOIIT”
(Xpomosa M.B.), IIK® ‘“Pocoueproarom” (3ybros E.®@.), AO “Kpuorenmarr”
(XoBauckuit [.A.), ®I'VII “Mocumxnpoext” (Kymukos B.B., FOnycos 10.V.), HITO
“Crpoitnmoniumep” (OBunuuukoB J[.B.), AO TI'mmpotiomennedreras (Jlumaps O.11.),
Kuesckoro “Onepromnpoexra” (Illamuc JI.b., Antonenko I'.U., T'onuapenko JI.®.) ,
OAO “MockoBckas TerocereBasi kommanusa” (Jleiitman AU, JlapuenkoB A. B.),
OI'K-5 (Akynenko B.B.), OAO “BHUNHED®TEMAII” (Bonbgcon b.C.) u “EMT R”
(upiHe — “CodrurxuHupuHr MenemxkMeHT”) — (upmbl-guctpudstoropa ACTPA-
HOBA (Jloxres B.J., ITansskua B.M., Tomopkosa FO.H., benoB A.lO., CaBensen
B.IL.).
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[Ipomenmue romel TOMBKO YBEIMYMBAIOT IIEHHOCTh BKIaAa (W HaImry
0JIaroJapHOCTh “‘BKIIQAUMKaM™), KOTOPBIH BHECIW B HHHUIIMMPOBAHHE ‘‘CTapTOBBIX’
Bepcuii ACTPA-ADC (1976-1980 rr.) O.JI. Kocroseukuii u A.M.Perinos (HIIO
HKTH), H.U.Axy6osuu (benopycckuii BHUIIMDuepronpom), E.I'.Ilukyc wu
E.A.Bamrypos (I'uxponpoexr).

CewmeiictBo mnporpammubix KomiuiekcoB ACTPA-HOBA’2023 pneranbHO
Bepu¢unuposano, npouuto anpodanuio B 3A0 HULL Cra/luO u Benymumx Hay4yHO-
HCCIIeIOBATENbCKUX U MMPOEKTHO-KOHCTPYKTOPCKUX (PUpMax MpOoQHIbHBIX OTpacieH.
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HOpMaTI/IBHO-MCTOHI/I‘IeCKI/Ie OCHOBBI, UCXOQHbIE JaHHBIC U PE3YJIbTAThI

2. HopMaTHBHO-MeTOAMYECKHE OCHOBBI, UCXOHbIE JAHHbIE H PE3YJIbTATHI
pacyeToB

2.1. Pac4yéT no BHIGOPY OCHOBHBIX Pa3MepoB

Pacuér mo BHIOOPY OCHOBHBIX Pa3MEPOB OCYILIECTBIIACTCS B COOTBETCTBUHU C
nonoxxenusmu Hopwm [1-12].

Pacuer BhIMOJIHSAETCS HA OCHOBaHUH CIIEAYIOIINX HCXOIHBIX JIaHHBIX:

1) reomerpus (oceBast TuHUS) Aetanu (-eif) TpyOonposoaa. [{ist €€ BHeceHus
B PacUYETHYIO MOJIeNTb BO3MOXKHBI J1Ba TIOAX0/a:

1.1. Tlpu HeoOXoAMMOCTH pacyéra OTHENBHBIX JAeTanell TpyOompoBoaa
JOIyCKaeTcsl WX 3aJaHde HE CBS3aHHBIMH ApPYr ¢ JpyroMm. B ostom ciydae
HEOOXO/IMMBI HCXO/IHBIE ITAHHBIE, NIepeuncieHHbie Hike B 2.1.1 — 2.1.4;

1.2. Tlpu npoBeneHnu pacu€ra MO BHIOOPY OCHOBHBIX pasMepoB Ul yxke
CKOMITOHOBAaHHOHM TPYOOIIPOBOTHON CHCTEMBI BO3MOKHO BHECEHHE B Pacuér meranen
TpyOOIIPOBOAA C MPHUBS3KOM K MX MECTOIOJIOXKEHHIO. B 3TOM cilydae NOMONHUTENBEHO
TpeOyIOTCs CIeaYIOIINE JaHHBIE!

a) aKCOHOMETpHUYECKass cxXeMma TPyOOIPOBOMHON CHCTEMBI, KaK IMPaBUIO H
JKeJaTeJIbHO, B OOIIEH CO CTPOUTENBbHBIMH KOHCTPYKIMAMH (TIPH HUX HAJIMYHHN)
MPaBOCTOPOHHEH JekapToBoii cucteme koopauHat X (X), X; (YY), X3 (Z), rae ocb X,
KaK IpaBWJIO, HallpaBjeHa BEPTUKAIBLHO BBEPX, OCh X; — B HalpaBleHUH, 00paTHOM
0003HAUEHHIO CTPOUTENBHBIX Ocell, ock X, — B HAIPaBJICHUH, 0OPaTHOM HyMeparin
CTPOMUTENBHBIX PSAAOB; AOIycKaeTcs (a Uil psga KOMIOHOBOK — ymOOHO) 3ajaHue
CXeMBl Wi ee¢ (parMeHTOB B IMIMHAPHYECKOW W (Wim) cepudecKkoil cmcremax
KOOpAMHAT;

0) yKa3aHHe MECTOIOJIOKEHUS U CIeNH(UKALNN COpTaAMEHTa TPSAMBIX TPYO,
NePEXO0JIHUKOB, OTBOJIOB (I'MOOB, KOJIEH U CEKTOPHBIX) U KOCBIX CTHIKOB, TPOHHHKOBBIX
Y3J10B (CBapHI)IX, CBAPHBIX C YCHJIMBAOINIMMMU HaKIaJKaMH, MITaMIIOBAHHBIX U
IITaMIIOCBaPHBIX, KOBAHHBIX).

He cmotpst Ha GoibIy0 TPyIOEMKOCTH BTOPOTO MOAXOAA, OH OKa3bIBAETCS
OoJiee palMOHAIBHBIM, €CIIH TIOCe pacuéTa 1Mo BHIOOPY OCHOBHBIX pa3MepoB Oyner
MIPOBOAMTHCS TIOBEPOYHBINA pacyéT TpyOONPOBOIHOM CHCTEMBI Ha MPOYHOCTH. B aTOM
cllydae OKa3bIBAeTCsl, YTO OOJbIIas YacTh HCXOAHOW HHGpOpManuu (IreoMeTpHs,
JeTAINPOBKa, (PU3UKO-MEXaHUIECKUE XapaKTEPUCTHKN MaTepHajIoB, YacTh pacyETHBIX
Harpy3oK ¥ BO3JEHCTBHI) MO TpyOOIPOBOIY yKe COPMHUPOBAHA, W, TAKUM 00pa3oMm,
MOJeNb UIA pacdéra MO BHIOOPY OCHOBHBIX Pa3MEpOB KaK C BHECEHHBIMH B Heé
pe3ysibTaTaMH 3TOro pacyéra (HOMHUHAIBHOW TOJIIMHOW CTEHKH S, JHOO NeTalsIMU
TPyOOIPOBOIOB M3 COPTAMEHTa) TaK M 03 TaKOBBIX, MOXKET SBJIATHCSA MPOTOTHIOM
MOJIEJTH TOBEPOYHOTO pacuéTa Ha MPOYHOCTH TPYOOIPOBOAHOM cUCTEMEI (cM. 2.3).

[lepBrie nBE TpymIBI JaHHBIX, cocTaBisonme 95% Bcero oo0beMa HCXOTHOM
nHQOpMAIIMU, B COBPEMEHHBIX YCJOBHSIX MOXHO (M JIOJDKHO) CcOpMHpOBaThH C
HCIOJIb30BAHUEM BCTPOCHHBIX IMOIMOJHACMBIX 6a3 JaHHBbIX (HO JCTalIsIM U CBOMCTBaM
MatepuaiioB) 6o B mpemnporieccope IIPE-ACTPA, nu6o cpencteamu CAIIP TIT'C
(manpumep, CADWOorx/PIPE, PDS), a 3atem akcnioptupoBath B ACTPA-HOBA.
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Ha ocHOBaHMM yKa3aHHOM Bblmle HHOOPMALMK C  [IPUBJIEYEHUEM
cootBerctByfomx ~ OCTos, T'OCToe wu Hopm [1-64] dopmupyroTcs
(HeHOCpeﬂCTBeHHO WK C HCHOJIB30BAHUCM BCTPOCHHBLIX 633 JaHHBIX IO JCTaJIAM,
CBOMCTBAM MaTepHalioB M MapaMeTpaM Harpy30K-BO3IEHCTBHI) MPUBEIEHHBIE HUKE
UCXOIHBIE IaHHBIE, HEMOCPEACTBEHHO UCTIONL3yEMBIE B PACUETaX.

2.1.1. T'eomeTpuyecKkne XapaKTePUCTUKHU CeYeHU NMPSAMBIX TPYO,
OTBOJI0B, MIEPEX0/I0B H TPOIHNKOB
D — HOMHMHAJIBHBIH HapYKHBIH THaMEeTp ce4eHUst TPyOBI (pa3aesku o
CBapKy, KoJieHa, Tnba, mepexoa, MTylepa Wik KopIryca TPOWHHUKA).
3agaércst npu Mog00pe HOMHUHAIBHON TOJIIIUHBI CTCHKH, MM;

Dy — YCJIOBHBIN quameTp (Mpoxoi) aertaieli TpyoompoBoaa. 3amaércs B
cllydae BbIOOpa AeTajeil u3 copTaMeHTa, MM,
R — paanyc OCH KpUBOJMHEHHOW TpyOBI (rmba, KojeHa, CEKTOPHOTO

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

Ss — TOJIIMHA CTEHKHU MITyIlepa B 30He “TIPHIINBA’ TPOWHUKOBOTO Yy3IIa,
MM;

Sm — TOJIIMHA CTEHKH MAarucTpajd B 30HE “TIPHINBA” TPOHHHKOBOTO
y3a, MM;

c — pacuerHas mprOaBKa K TONIIIHE CTEHKH TPYOBI, MM;

A(@) — 2WIMOTAYHOCTH (OBAJBHOCTH) MOIEPEYHOTO CEYEHHs THOA HITH

KoJIeHa (OTHOIIEHHE Pa3HOCTH MAaKCHUMAaJIbHOTO M MHUHUMAIBHOTO
Hapy>KHOTO JHaMeTpa CEYeHUs K UX Hoiaycymme), %o.

2.1.1.2. ACTPA-TIC:

c — pacueTHas npubaBKa K TONIIMHE CTEHKU TPYOBI, MM;

A(@) - 2WMOTHYHOCTH (OBAJBHOCTH) MOIEPEYHOTr0 CEeYeHHs THOA WITH
KoJieHa (OTHOILIEHHWE Pa3sHOCTH MAaKCUMAaJbHOTO W MHUHHMAJIBHOTO
Hapy>XHOT'O AMAMETpa CEYEeHHs K UX Moiycymme), %o;

TypRed— tumn nepexosa: KOHISHTPUICCKHUI UITH SKCIEHTPUUCCKHUIA.

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

c — pacueTHast MpuOaBKa K TOJIIUHE CTEHKH TPYObI, MM;

A(@) — SIIMOTHYHOCTH (OBAIBHOCTH) MOMEPEYHOrO CEUCHHUsI Tmba MU
KoJIeHa (OTHOILIEHHE Pa3sHOCTH MAaKCUMAaJIbHOTO M MHUHHMAJIEHOTO
Hapy>XHOTO AMaMEeTpa CeYeHHs K UX Moycymme), %o;

TypRed- tun nepexona: KOHISHTPUYECKHI UK SKCLEHTPUYESCKHU.

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

TypElb — Tun ortBoma: THyThle M KpyTomsornyteie (1), cekropubie (2),
IITaMIIOCBAapPHBIE CO CBAPHBIMH LIBAMH B IUIOCKOCTH KPUBHU3HBHI (3),
MITAMIIOCBAPHBIE CO CBAPHBIMU IIIBAMH 110 HEUTPATBHOMN JIMHUH (4);

TypRed— T nepexosa: KOHUEHTPUISCKUI HITH IKCLIEHTPHYCCKHIA;

TypTee— tun TtpoiiHuka: cBapHoil (1), CBapHOH C YKPEIUIIOMIUMHU
HakjiIagkamu (2), mraMnocBapHoil (3), IITaMIOBAaHHBIA C TSHYTOH
TOPJIOBUHOI (4);
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Ciy — npubaBKa U1 KOMIICHCAIINH TOIyCKa HA MHHUMAIBHYIO TONIIHHY
CTEHKH 3arOTOBKH, MM;

Ci2 — mnpubaBKa JUIs KOMIEHCAlMM MAaKCHMAJIbHOTO YTOHEHHUS IpH
TEXHOJIOTUYECKUX OTEPAIHX, MM;

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

a — YroJ cKoca CEKTOPHOTO OTBOJIA, TPa;

Nps — BBICOTA OTBETBJICHUS TPOWHHUKA, MM;

hp — BBICOTA TOPJOBHHBI INTAMIIOBAHHOTO WM IITAMIIOCBAPHOTO
TPOMHUKA, MM;

Sp — TONIIMHA TOPJOBHUHBI IITAMIIOBAHHOTO WM INTAMIIOCBAPHOTO
TPOMHHUKA, MM;

r — paadyc TOPJIOBUHBI INTAMIIOBAHHOTO WM IITaMIIOCBApHOTO
TPOMHHUKA, MM;

b, — IIMPHUHA YCUIINBAIOIMIEH HAKIIAJKH, MM;

Sn — TOJIIIUHA YCUIMBAIOICH HAKIAIKU, MM;

A(@) - 2WMOTHYHOCTH (OBAJBHOCTH) MOIEPEYHOTO CEYEeHHs THOA WITH

KoJieHa (OTHOILIEHHWE Pa3HOCTH MAaKCUMaJbHOTO W MHUHHMAJIBLHOTO
Hapy>KHOTO JIaMeTpa CeUeHHs K UX Hoiaycymme), %;

Les — 9 dexTrBHAs JUTMHA TPYOBI, MM;

ny — KO3 PHIIUEHT 3araca MECTHOH yCTOHYHUBOCTH.

Ipu nanuuuu xoney dscécmrocmu OONOTHUMENLHO 3A0AIOMCA Cledyroujue

oanHvle:

I — paccTosTHUE MEX]y OCSIMH KOJIEIl )KECTKOCTH, MM;

I — MIMPHHA TIOTIEPEYHOTO CEYECHUs KOJIbIA )KECTKOCTH B MECTE €ro
TIPUBAPKH K TPYyOE, MM;

Ax — TI0I[A/b TOMEPEYHOr0 CEYCHHS KOIMbIIA KECTKOCTH, M’

Iy — MOMEHT WHEpLUHUH IIONEPeYHOro CEUSHUsl KOJbIa >KECTKOCTH
OTHOCHTEITHHO OCH, IIPOXOSIIEH Yepe3 EHTP TAKECTH, M*;

e — paccrosiHHEe MEXAy LEHTPOM TSHKECTH IONEePEeYHOTo CeueHHs

KOJITbIIa )KECTKOCTH U CPETUHHON TOBEPXHOCTBIO CEYCHUS TPYOBI, MM.

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

c — pacueTrHas npubaBKa K TONIIMHE CTEHKU TPYOBI, MM;

TypElb — Tun otBoma: rHyThle U KpyTomsornyteie (1), cekropbie (2),
ITAMIIOCBApHBIE CO CBAPHBIMH IIBAMU B TUIOCKOCTH KpUBU3HHI (3),
IITaMITIOCBapHBIE CO CBAPHBIMHM IIBAMHM 110 HEHTpaIbHOM JInHKUN (4);

TypRed— tumn nepexosia: KOHUSHTPHYESCKHN W SKCLEHTPUYECKUil;

TypTee— tun TpoiiHuka: cBapHoi (1), CBapHOM C YKPEIUISIOMIMMHU
HaKJIagKkaMu (2), ITaMIIOBaHHEIA U IITaMIIocBapHOH (3);

r — paznyc ropJIOBHHBI IITAMIIOBAHHOTO TPOMHUKA, MM;
b, — IIMPUHA YCHIIMBAIOIIEH HAKIIAAKH, MM;
Sn — TOJIIIMHA yCHJINBAIOUIEH HAKIAIKH, MM.

2.1.1.6. ACTPA-TEIVIOCETbH (I'OCT P 55596-2013):
TypElb — Tun ortBoma: rHyThle M KpyTomsornyteie (1), cekropubie (2),
ITAMIIOCBApHBIE CO CBAPHBIMH IIBAMU B TIOCKOCTH KpUBU3HHI (3),
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MITAMIIOCBAPHBIE CO CBAPHBIMU IIIBAMH 110 HEUTPATBHOMN JIMHUH (4);
TypRed— tun nepexoza: KOHUSHTPUYSCKUI HITH IKCLEHTPHYCCKHIA;
TypTee— tun TtpoiiHuka: cBapHoil (1), CBapHOH C YKPEIUIIOMIUMHU

HakjiIagkamu (2), mraMnocBapHoil (3), IITaMIOBAaHHBIA C TSHYTOH

TOpJIOBUHOM (4);

C11 — npubaBKa JUIsi KOMIICHCAI[UH JTOIyCKa HA MHHAMAIGHYIO TOJIIHHY
CTEHKH 3arOTOBKHU, MM;

Cio — npubaBKa i1 KOMIICHCAIIMM MAaKCHMAJIBHOTO YTOHECHUS TIPU
TEXHOJIOTUYECKUX ONEepalUsIX, MM;

C, — TprOaBKa T KOMITICHCAIIMY KOPPO3UHU H DPO3UH, MM;

a — YTOJI CKOCa CEKTOPHOrO OTBOJA, TPas;

hps — BBICOTA OTBETBJICHUS TPOIHUKA, MM;

hp — BBICOTA TOPJIOBHHBI LITAMIIOBAHHOTO WJIM LITaMIIOCBAPHOTO
TPOMHHUKA, MM;

Sp — TOJIIMHA TOPJOBHHBI IITAMIOBAHHOTO WJIM IMITaMIIOCBAPHOTO
TPOMHHUKA, MM;

r — pamuyc TOPJIOBUHBI MITAMIIOBAHHOTO WJIM IITaMIIOCBApHOTO
TPOMHUKA, MM;

b, — HIMpYHA YCUINBAIOIIEH HAaKIIAJKU, MM;

Sn — TOJIIIMHA YCUJIMBAIOIIEH HAKIaJIK1, MM.

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

TypRed— tun nepexosia: KOHUCHTPHYESCKHN M SKCIEHTPUYESCKUil;

TypTee — Tum TpoiiHuKa: cBapHOH (1), cBapHOH C YKPEIUIAIOMIAMHU
HaKJIagkaMu (2), ITaMIIOBaHHBIA U IITaMIiocBapHoi (3);

r — paznyc ropJIOBHHBI MITAMIIOBAHHOTO TPOMHUKA, MM;

b, — IIMPHUHA YCHINBAIOIICH HAKIIATKHU, MM,

Sn — TOJIIIMHA YCHJINBAIOLIEH HAKIAIKH, MM.

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

Ogry — OBaIBHOCTP MpPSIMBIX TpyO, JOmyckaemMas U3  yCJIOBHSA

npoxoxaeaus BTV, %;
TypEIb — tun otBOAa: X0M0aHOTHYTHIH (1), Mpyroit (2);
TypRed— tum nepexosia: KOHICHTPHICCKHUN M SKCIIEHTPUYECKUIT;
TypTee — tun Tpoitanka: cBapHo# (1), mramnoBaHHbIH (2);
st wimamnoganHwlx mpotuHUKo8 OONOIHUMENbHO 3A0ArMCAL:
r — paJyc ropJOBUHBI ITaMIIOBAHHOTO TPOWHHKA, MM;
ConTee — KOHCTPYKIHS MITAMIIOBAHHOTO TPOMHHKA: «a» Wwin «0» (puc. A.l,

[9D);

L, — TOJNYIUTHHA PacYETHON 30HBI YCHIICHHS, MM;
H; — BBICOTA PACUETHON 30HBI YCUJIEHUS, MM,
v —  KO3GGUIMEHT, 3aBUCIMIIMA OT TEXHOJOTMH HM3TOTOBJICHUS

TPOMHHUKA, 3a1aETCS AJIs1 TPOMHUKOB KOHCTPYKLIMH «a.

2.1.1.9. ACTPA-MATHCTP (I'OCT P 55990-2014):

Ogry — OBaIBHOCTP TMpPSIMBIX TpyO, JOMyckaemMas U3  yCIOBHSA
npoxoxaerus BTV, %;
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c — no06aBKa K TOJIIHWHE CTEHKH TPYOBI Ha OOIIYI0 KOPPO3HIO, MM;
TypEIb — tum otBOAa: X0MmogHOTHYTHIH (1), MpyToit (2);

TypRed— tum mepexoia: KOHICHTPHIESCKHUI HITH SKCIIEHTPHYCCKHUIA;
TypTee — tin Tpoitauka: cBapHO# (1), mrraMnoBaHHBIH (2);

st wtimamnosanHvIx mpotHuUK08 OONOIHUMENbHO 3A0AI0MCL:

r — pazuyc ropJoBUHBI IITAMIIOBAHHOTO TPOMHUKA, MM;

ConTee — KOHCTPYKIMS ITaMIIOBAaHHOTO TPOIHMKA: «a» Wi «O0» (puc. A.l,
[10);

L — TIOJTyUTMHA PAacYETHON 30HBI YCHIICHUS, MM;

H, — BBICOTA PAacUETHON 30HBI YCHIICHHUS, MM;

& —  K03(OUIMEHT, 3aBHCAIUA OT TEXHOJOTHH HW3TOTOBJICHHSA
TPOMHHUKA,;

k —  K03(pGUIMEHT, 3aBUCAIIUA OT TEXHONOTHH W3TOTOBJICHHS

TPOMHHUKA, 3a1aETCS AJIs1 TPOMHUKOB KOHCTPYKIIMH «a.
2.1.1.10. ACTPA-CBJ] (I'OCT P 55600-2013):

C1 — mnpubaBKa, Yy4YHUTHIBAIOIAs IUTFOCOBOM JONMYCK Ha HApyKHBII
JUaMETP, MM;

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

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

C3s — 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/l PTM 26-01-44-78):

Cy — npubaBKa, YYUTHIBAIOIIAss MHHYCOBOI JIOITyCK Ha TOJIIUHY CTEHKH
U HEoOXOIMMOE YTONILNCHHE CTCHKH 110 TEXHOJIOTHYECKHM,
MOHTQXHBIM M JPYIHM  COOOpaXEHHSAM  IPOCKTHUPYIOIINX
OpraHu3alui U 3aBOJI0B-U3TOTOBUTENEH, MM;

C; — npubaBKa Ha KOPPO3HIO, 3PO3UI0 U APYTUE BUABI H3HOCA, MM;

C3 — nmpubaBKa TOTIOJTHUTENbHAS, MM;

0, — MHHYCOBBIH JOMYCK Ha W3TOTOBJICHHE II0 TOJIIMHE CTEHKH, Y.
3agaércst TONBKO JUIS IPSIMBIX TPYO, MOJOUPaEMbIX 3 COPTaMEHTa;

0, — TUTIOCOBBIH JIOITYCK Ha M3TOTOBJICHHE TI0 HAPY)KHOMY IHaMeTpy, %o

3amaérest TONBKO IS IPSMBIX TPYO, OAOMPAaeMBIX U3 COPTAMEHTA,
TypTee— tun Ttpoiinuka: tun 1, Tun 2 (puc. 9-12 [11]), npuBapHOii
naTpyOoK;
TypAng— tum yroneHuka: o 1, Tamn 2 (puc. 9-12 [11]).

2.1.2. Harpy3ku u Bo3aeiicTBuUst

p — pacdeTHOE BHYTpEHHee JaBiieHHe B TpyOompoBoxae, MIla;

T — pacdeTHas TemIiepatypa CTEHKH TPYOBI (CpemHss TeMIlepaTtypa),
OC;

s mpybonposoooe  Geckananvnou npoknaoku 6 2epywme (ACTPA-
HEDTEXUM (I'OCT 32388-2013), ACTPA-TEIIJIOCETb).
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Orp — Harpy3ka ot Beca jeranu, KH/m;
Ous — Harpyska oT Beca u3oJisiiuu, KH/m;
Oup — Harpyska ot Beca mpojaykra, kKH/m.

s mpybonpoeodos uz nonumepnvix mamepuanos ACTPA-HEOTEXUM
(I'OCT 32388-2013) 3a0aémcs memnepamypHas UCMopust HaA2PYHCeHUSL:

t — TeMIlepaTtypa B CTeHKe TpyObl uiu neraid, °C;

Ti — BpEMsl HENpPEphIBHOIO JEUCTBUS TeMIlepaTypsl ti, KoTopoe
MaTepHal MOXKET BBIJIEp)KaTh 0e3 pa3pylieHus, U;

TypTem — TUI TEeMIepaTypbl: INpHUHUMaeT 3HadeHus Paboyas,

Asapuiinas wmn Maxcumanvnas. Tunel Aeapuiitnas u MakcumanvHas 3afaroTcs
TOJIEKO OJMH Pa3 B TEMIEPaTYPHOH HCTOPHH.

2.1.3. ®u3uko-MexaHHYeCKHe XapaKTePHCTHKH MAaTePHAJIOB
2.1.3.1. ACTPA-A3C, CYJIIPOM.
TypMat— Tun Matepuaina: ayCTeHUTHAs WM HeayCTCHUTHAs CTallb;

RTpo,z — YCIJIOBHBIN ITpeniesn TEKYUYECTH NIPU pacuE€THOM Temneparype, Mlla;

R'm — MHHUMaJIbHOE BPEMEHHOE CONPOTHBICHHE IIPU PpacuETHON
temmeparype, Mlla;

R'mt  — AMHTENbHBIH Mpelen MPOYHOCTH (Ui BPEMEHH t SKcrutyaraium

BBICOKOTEMITEPATYPHBIX TpyOOIPOBOIOB) mpu  pacyéTHOU
teMneparype, Mlla;

(0] — K03()PUIUEHT CHIKEHHUSI IPOYHOCTH MPOJOJIEHOTO CBapHOTO IIIBA.

2.1.3.2. ACTPA-TOC:

[o] — JIOImyCKaeMoe HOMUHAJIBHOE HAalpsOKeHWE NpH  pacuETHOM
temrneparype, MIla (pazmen 2 [2], B 3aBUCHMOCTH OT PacueTHOTO
pecypca);

To — pacuéTHBIH pecypce, 4;

Ow — KOO PUIUESHT CHIDKEHHUS TPOYHOCTH TPOJIOIEHOTO CBAPHOT'O IIIBA.

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

[6®°] - monycrumsie Hanpskerus npu T=20"C, MITa (m.1.3.1 u 3.2 [3]);

A, — TemmepaTypHblii Ko3(h(uuueHT onpenensieMblid mo Tadmune 3.1
(3%

o, — KOO PUIUESHT CHIDKEHHUS TPOYHOCTH TPOJIOILHOTO CBAPHOT'O IIIBA.

2.1.3.4. ACTPA-HE®TEXHM (IOCT 32388-2013):

TypMat— tun marepuana: yriepoaucras ctaib (1), HH3KOIErnpoBaHHas
cranb (2), aycteHuTHas ctanb (3), aJIOMHHHHA U ero cruiaBbl (4),
Menp M e€ cmaBbl (5), THTaH M €ro ciuiaBbl (6), MOJMMEpPHBIN
marepuan (tur 1) (7), monmumepHsIi Matepuain (tum 2) (8).

Jna munos mamepuanos 1-6 (memann):

Oyt —MHHUMAaJbHOE 3HAUYE€HHEC BPEMEHHOTO CONpPOTHBICHHA (TIpererna
MIPOYHOCTH) MIPH PACTSKEHUH TIPH pacyeTHOH Temmeparype, MIla;

Opit — MHHHAMAJIBHOE 3HAYeHHE Mpefefia TEeKyYeCTH IPU pacueTHOI
temneparype, Mlla;

Ot — MUHUMaJbHOE 3HAYEHHE YCIOBHOTO TIpeiesia TeKy4decTH
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00,2/t

05/20

Gp/20

G1/20

G0,2/20

(HampspKeHue, MPH KOTOPOM OCTaTOYHOE YJUTMHEHHE COCTaBIIAET
1,0%) mipu pacuetHoi Temmeparype, Mlla;

— MHUHHMaJIbHOE 3HAa4YEHHE YCIOBHOIO TMpejeNna TEeKy4ecTH
(HanpspkeHHe, MPU KOTOPOM OCTaTOYHOE YJUIMHEHHE COCTaBIISET
0,2%) nipu pacueTHoit Temneparype, Mlla;

— MUHHMAJIFHOE 3HAaUY€HHE BPEMEHHOTO CONpPOTHBIICHHs (Ipeaena
MIPOYHOCTH) NPH PacTSHKEHHUH TIPH XOJIOHOM Temneparype, MIla;

— MHHUMaJIBbHOE 3HAuUCHHE TMpejesia TeKY4eCTH MpU XOJOITHOU
temneparype, Mlla;

— MHUHHMAlbHOE 3HAueHHWE YCJIOBHOTO Tpeiena TEeKy4ecTH
(HampsDKeHWe, TPU KOTOPOM OCTAaTOYHOE YIUTHHEHWE COCTaBIISACT
1,0%) npu xonmoaHo# Temmneparype, MIla;

— MHUHUMaJIbHOE 3HAY€HHE YCJIOBHOTO TIpefeia TEeKy4eCcTH
(HampspKeHwe, TPH KOTOPOM OCTaTOYHOE YJUTMHEHHE COCTaBIIAET
0,2%) nipu xonoaHOM Temmeparype, Mlla;

G2.105/t — YCJIOBHBIM MpeeNn JJIUTEIbHON MPOYHOCTH Ha pecypc 2:10° 4 npu

pacueTHol Temneparype, MIla;

G12410%5/ —  YCITOBHBIH npenesn MOJI3y4eCTH MpH  PacTsDKCHUH,

snlt
€820
Py
Ng
Ny
Ny

Ny

n

o6ycnosmuBarommii nepopmarmio 1% 3a 2-10° 4 mpu pacuerHoit
temmepatype, Mlla;

— OTHOCHUTENIbHAS TUIACTHYCCKas AedopMands B MOMEHT IOTEpH
YCTONYMBOCTH TIPH PAaCYETHOU TEMIIepaType;

— OTHOCHTENBHAs IulacTHYecKas nedopMamus B MOMEHT IOTEpH
YCTOMUYMBOCTH IIPU XOJIOIHOM TEMIIEpaType;

— K03()HUIMEHT CHI)KEHUSI IPOYHOCTHU MPOJOIBEHOTO CBapHOTO IIIBa;
— k03 GHIIMEHT 3armaca 1o npeaeay npounoctH, (. 5.3, 12.1 [4]);
— k03 uIHeHT 3amaca 1mo npeaeny tekyuect, (mm. 5.3, 12.1 [4]);

— KO3 QUIMEHT 3amaca Mo npeAety JUIMTENbHOW MPOYHOCTH, (II.
5.3, 121 [4]). MWcnome3yercss miasi BBICOKOTEMIIEPATYPHBIX
TPyOOIIPOBO/IOB;

— ko3 duIKeHT 3amaca no npeaey mnonsydecty, (mm. 5.3, 12.1 [4]).
Hcnonp3yeTcs Ui BBICOKOTEMIIEPaTyPHBIX TPYOOIIPOBOIOB;

—  TONpaBOYHBIA  KO3(DGHUIMEHT,  YYUTHIBAIOLIMH  yCIOBHUS
9KCIUTyaTalluu TPYOOIPOBOIOB.

Jlna munos mamepuanos 7-8 (noaumep):

Ex
Al
Bl
G1

J1
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— MOJYJIb TIOJI3YYECTH MaTepuaia IpH PAacTHKEHHH TPU XOJIOTHOM
temreparype , Mlla;

— kK093 UIHMEHT TSI BETBH | KPHUBOW [UIMTEIBHOW MPOYHOCTH A
(tabmmma 13.2 [4]);

— k03 dUIMEHT I BETBH | KPHUBOW JIMTEIBHON NpOYHOCTH B
(tabmuma 13.2 [4]);

— koddduument mis BerBu 1 KpuBOW JumMTeNbHOW IpouHOocTH G
(tabmuua 13.2 [4]);

— KO3(QQUIMEHT [ BeTBU | KpWUBOW JUIMTENBHOM mNpouyHOCTH J
(tabmuua 13.2 [4]);
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A2 — K03 (UIHEHT [UIsI BETBH 2 KPHBOM [UIMTEIBHOW MPOYHOCTH A
(tabmuma 13.2 [4]). Bamaéres s tuma matepuaia «IloauMmepHbIi
Marepuan (T 2)»;

B2 — ko3 duIMeHT Al BETBH 2 KPHUBOH ANMTENBHOM mnpoyHoctd B
(tabmuma 13.2 [4]). Bamaéres mus tuma matepuaia «IlomumepHbIi
Marepua (T 2)»;

G2 — koddumeHT s BeTBM 2 KpUBOW UIMTENbHOW mpouHoctH G
(rabmuua 13.2 [4]). 3amaéres mis tuma matepuana «[lonumepHsrit
MaTepua (TUt 2)»;

J2 — KO3(QUIUEHT IS BETBU 2 KPUBOW UIMTEIBFHONW TpodHOCTH J
(tabmuua 13.2 [4]). 3amaéres uin thma marepuana «[lommmepHsIit
MaTepua (TUM 2)»;

Kiw) — pacu€THBI KOX(QQUIMEHT 3amaca MPOYHOCTH UII paboueit
temmepatypsl < 20 rpan (tabmnura 13.4 [4]);

Kiw — pacu€rHeli KOX(QQUIMEHT 3amaca MPOYHOCTH Uit pabdoueit
Temmepatypsl > 20 rpan (tabmuna 13.4 [4]);

Ki) — pacuéTHblll KO3 HUIMEHT 3amaca MPOYHOCTH ISl MaKCUMAaJIbHOU
Temmepatypsl (tabmuna 13.4 [4]);

Kiw  — pacuérseiil xoadduimeHT 3amaca NMPOYHOCTH Ul aBapUMHOM
Temrepatypsl (Tabmuna 13.4 [4]);

K, — K03 puIHeHT ycaoBuid paboThl TpyOompoBona (tabnuua 13.5 [4]);

K. — KO3 QHUIUEHT NMPOYHOCTH COCAWHEHUS TPYO M aeraner (Tabmuna
13.6 [4]);

K, — k03¢ pUIIMeHT XUMUIECKOI CTONKOCTH MaTepHaia Tpyo;

K, — k03¢ purmeHT ycaoBuii MPOKIAIKH;

K. —  Kk03(hOUIMEHT, YYUTHIBAIOUIMN BIMSHHE TEMIeEpaTypbl Ha

nedopMalmoHHbIe cBOMCTBa MaTeprana (Tabmura 13.7 [4]).
2.1.3.5. ACTPA-TEIL/IOCETb (P[] 10-400-01):

[o] — JIONYCKaeMO€ HOMHUHAIBHOE HAIpsHKEHUE TIpUd  PacYETHOM
temreparype, MIla (pasgen 3 [2], B 3aBUCHMOCTH OT Pacu€THOTO
pecypca);

Ty — pacuéTHBIH pecypce, 4;

oy — K03(DGHUIUECHT CHUKCHUSI IPOYHOCTH MPOJI0JILHOTO CBAPHOTO IIIBA.

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

Out — MHUHHMMaJIbHOE 3HAa4YeHHEe BPEMEHHOI'O COINPOTHBIICHHS MaTepHana
paspbIBy (IIpefiena MpOYHOCTH) MPU PacueTHOM Temmepatype, MIla;

Opit — MHHHMaJbHOE 3HAa4YCeHHE INpefeia TeKydyecTH MaTepuaia Ipu

pacuetHoil Temneparype, MIla;

Oy — KO PHUIUEHT CHIKEHUS TPOYHOCTH IPOJOIEHOTO CBAPHOT'O IIBA.

2.1.3.7. ACTPA-MATHCTP (CHulI 2.05.06-85, CII 36.13330.2012):

R," — HOPMAaTHBHOE COINpPOTHUBIEHHE PACTSDKEHHIO-CXKATUIO MeTallla
TpyO W CBapHBIX COCAVHEHWH , paBHOE MHHHUMAJIBHOMY 3HAUCHHIO
BPEMEHHOTO CONPOTUBIIEHUS TP pacu€THOM TeMmeparype, Mlla;

m — ko3 duImeHT ycmoBuii paboTel TpyOomposoaa (tabmuma 1 [7],
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[8]);

ky — KO3 (HUIKMEHT HAASKHOCTH MO Marepuany (tabmuma 9 [7],
tabuia 10 [8]);

Ku — KO3 QHUIMEHT HANSKHOCTH MO Ha3HAYCHHIO (OTBETCTBEHHOCTH)
TpybonpoBoaa (tabauma 11 [7], Tabnuna 12 [8]);

n — K0>DOUIHEHT HaeXHOCTH mo Harpy3ke (tabmuma 137 [7],

tabnuua 14 [8]).

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

Oy — HOpMaTHBHOE COMPOTHBIEHHE MaTepuaga TpyO M CBapHBIX
COCAMHEHWI, paBHOE HOPMAaTHBHOMY Tpeiely  MHpPOYHOCTH
(BpeMEHHOMY COIIPOTHBIIEHHIO) IPH pacuéTHOH Temneparype, MIla;

oy — HOPMAaTHMBHOE CONPOTHBIEHHE MaTepuaga Tpy0 H CBapHbBIX
COCAMHEHUH, paBHOE HOPMATUBHOMY IIpeleNly TEKY4eCTH MpHu
pacuétHoil Temneparype, Mlla,

Yd — kK03 (HUIMEHT YCIOBHI pabOThI TPYyOOMPOBOAA MPHU pacueTe ero
Ha TPOYHOCTh, YCTOHYMBOCTD U AehopMaTHBHOCTS (Tabumuma 13 [9]);

Ymu —k09(hGULMEHT HAJEKHOCTU 110 MaTepHaly TpyO Ipu pacuére no
npovHocTH (Tabmuua 12 [9]);

Ymy — KO3 (UIMEHT HAJEKHOCTUH MO Matepuany TpyO HpH pacuyére mo
TEKy4eCTH;

Yo KO3 (QHIMEHT HAISKHOCTH M0 OTBETCTBEHHOCTH Ta30IPOBO/IA;

Yo —K03(hGHUIMEHT HAZEKHOCTH 110 HArpy3ke (BHYTPEHHEMY JaBJICHHIO)

(taba. 11 [9]);

TypTSu— Tun TpaHCOPTUPYEMBIX BewIecTB: He ykazaHo (1), MMITYJIbCHBIH
WJIM TOTUTMBHEIH Ta3 (2).

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

Gy — HOpMaTHUBHOE COMpPOTHBJICHHE Marepuana Tpy0 H CBapHbBIX
COCJMHEeHWIl, paBHOE HOPMAaTHMBHOMY Tpe/eNy  HpPOYHOCTH
(BpeMEHHOMY COIIPOTHBIICHUIO) TIPH pacu&THOi TeMmnepartype, MIla;

oy — HOpMaTHBHOE COMpPOTHBIIEHHE Marepuaia Tpy0 H CBapHBIX
COCIIMHEHWIl, paBHOE HOPMATUBHOMY TIpeleNly TEeKY4YeCTH HpHu
pacuéTHoil Temneparype, MIla;

Yd — koa(ddunmeHt ycnoBuil paboTsHl TpyOOIPOBOAA NPH pacueTe ero
Ha TPOYHOCTh, YCTOHYMBOCTH M JAedOopMaTHBHOCTH (Tabmmma 13
[10]);

Yds - KOX(PHUIIEHT YCIIOBHHA paboTsI TpyOOIpoBOa,

TPAHCIOPTHPYIOILETO CEPOBOAOPOACOAEPIKALIME TIPOAYKTBI, IIPU
pacuyere ero Ha MNPOYHOCTh, YCTOWYMBOCTH U He(POPMATUBHOCTH
(tabmmua 14 [10]);

Ymu —k03(hGULMEHT HAJEKHOCTU 110 MaTephaity TpyO Ipu pacué€re no
npouHocty (tabmua 12 [10]);

Ymy — k03 PuUIMEHT HaAEKHOCTH TI0 Marepuainy TpyO mpu pacyére mno
TEKY4ECTH;

Yo— KO3QhUIHMEHT Yr,—KOI(QOULMEHT  HAJEKHOCTH IO  Harpyske

(BHYTpeHHeMY naeneHuo) (Tadi. 11 [10]);
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TypTSu— Tun  TpaHcmopTHpyeMblx  BeliectB: He  ykazaHo (1),
CEPOBOIOPOICOAEPIKAIINE TIPOLYKTHI (2).

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

TypMat— Ttun wmarepuana: yriepomucras (1), Hu3konerupoBanHas (2),
aycreHuTHas (3) cTajb,

(A — MHUHHMaJIbHOE 3Ha4eHHE BPEMEHHOT'O COIPOTHBIIEHUS MaTepHaia
pa3psIBY (TIpeienia MpOYHOCTH) MIPU pacyeTHOH Temmepatype, MIla;

O1 WIN Gy, — MUHUMAaJIbHOE 3HAYCHUE Tpe/eNa TeKYYeCTH MM YCIOBHOTO
Ipeziena TeKy4ecT! MaTepraa IIpy pacdeTHol Temneparype, MIla;

o, — CcpemHee 3HaYeHHE YCIIOBHOTO TIpeferia JUINTENIbHOW MPOYHOCTH
(HampsDKEHWs,  BBI3BIBAIONIETO  pa3pylIeHHe IpH  PacUYETHOH
temneparype depes 10° uac), MITa;

Oy — cpefiHee 3HAUCHUE YCIOBHOTO Tpe/esa HoN3ydecTu (HapsKeHus,
BBI3BIBABIIETO  HAKOIUIGHHME  OCTATOYHOW  aedopmanuu  1pu
pacueTHo# Temmeparype 1% 3a 10° gac), MITa;

n —  TONpPaBOYHBIH  KOI(MUIUEHT,  YUUTHIBAIOUIMH  YCIIOBHS
JKCILTyaTaly TpyOOIpOBOIOB;

[0} — KOO PHUIIUESHT CHIDKEHHUS TPOYHOCTH IPOJIOIEHOTO CBAPHOT'O IIIBA.

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

Rmi — MHHHMMAJbHOE 3HAa4Y€HHUE BPEMEHHOIO CONpPOTHUBIEHUS (Iperena
MIPOYHOCTH) MaTepualia mpy pacy€THoi temmnepatype, MIla;
Rri — MUHHMAaJIBHOE 3HA4YEHUE NMPHUHATOrO B pacdeT Ipefena TeKy4ecTH

MaTepuana npu pacu€THoil temneparype, MIla.
s mpybonposodos beckananvnoti npoxiadku 6 epyume (ACTPA-

HE®TEXHM (I'OCT 32388-2013), ACTPA-TEIIJ/IOCETH):

E — MoAaynb (MOAYNH) YHPYTrOCTH Marepuaia TpyOBl JUIS OCHOBHOTO
pacueTHOTO perknma, Mlla. s monuMepHBIX MaTepuaioB Tam | u 2
(ACTPA-HE®TEXHM, TOCT 32388-2013) s3amaércs MOmyihb
MOJI3Y4YeCTH MaTepuala Mpy pacTsHKEHHUU.

2.1.4. lonoTHATeIbHBbIE XaPAKTEPUCTHKH NMOJ3EMHBIX H HA3eMHBIX

Tpy0ONpoBoOA0OB GecKaHAJbLHOI MPOKIAAKHU B IPYHTE

24

D — AMaMeTp KOXKyXa U30JISILIUU, MM;
H — BBICOTA 3aCHINKH (INIyOHHA 3aJI0)KEHHS 110 BEPXHEH OTMETKE), MM;
B — IIMpHHA TpaHIIEM HA YPOBHE BEpXHEH oOpasyromel Koxyxa

W30JISLHH, MM;
TypGru— tun rpyHTa (Tabauua 2.2, npum. [5]).
2.1.4.1. XapakTepuCTHKH IPYHTA OCHOBAHUS, 3aCHINKH, 0TKOCOB

Erp — Monynb nedopmanuu rpyHTa, Mlla;

Vip — xoa¢pdunuent [lyaccona rpyHra;

Prp — IIOTHOCTb TPyHTA, T/M®;

Orp — YroJI BHYTPEHHETO TPEHUS TPYHTa, rpajl.

2.1.4.2. XapaKTepuCcTHKH U30JISIIAH
Typlzo — tun momsanuu: vet (1), meHononmypetan (2), momumepoetoH (3),
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apmonieHoOeToH (4), Outymmepnut (5), Outymkepamsur (6),
(3amaércst nuss ACTPA-TEIIJIOCETB);

Koi — k03¢ ¢uunent nocrenu uzonsuuu (niast ACTPA-TEIIJIOCETD (P4
10-400-01) ompexmensieTcss MPOrpaMMol IO  3aJAHHOMY THILY
usomsnun), kKH/m®,

2.2. PesympTaToM pacuéra mO BBIOOPY OCHOBHBIX pa3MEPOB SBISIOTCS
HOMHHAJIBHBIE TOJIIMHBI CTEHOK JeTaleld TpyOompoBoJa M TE€OMETPHYCCKUE
XapaKTePUCTUKH  JIOTMIOMHUTENBHBIX  YKPCIUISIOMUX  3JEMEHTOB  TPOWHHUKOBBIX
COCIMHEeHU, MO0 BEIOpaHHbIE ACTAIN TPYOOIPOBOIOB U3 OTPACIEBBIX COPTAMEHTOB.
Jnst ka0l netany BEIYHCIACTCS NOMyCKaeMoe JaBieHHe. Takke, IS MOA3EMHBIX
MarucTpaiabHBIX TpyOompoBomoB (mpu pacuére no ACTPA-MAIMCTP (I'OCT P
55989-2014, I'OCT P 55990-2014) onpenensiercsi OBaJbHOCTh MOMEPEUYHOTO CEUCHHS
TpyOOIpoOBOAA MOCIE YKJIAIKH W 3acBIIKH. B IpsAMO- UM KPHBOJIMHEHWHBIX TpyOax
TpyOOTIPOBOIOB BBICOKOTO W CBepxBbicokoro masnenust (ACTPA-CBJ (IFOCT P
55600-2013) mpoBepsieTcsi HEOOXOIUMOCTh aBTOMPETUPOBAHKS, & TAKXKE TTOI00D IS
HHUX ONTUMAJILHOIO NaBJICHUS aBTOGPETUPOBAHUS.

Sp — pacu€THas TOJNIIMHA CTCHKH NPAMOIUHEHHOW  TPYOBI,
KpuBOJMHEHHONH TpyOsl (mpu pacuére no ACTPA-ADC, ACTPA-TOC, ACTPA-
HEOTEXUM (I'OCT 32388-2013), ACTPA-CB/], ACTPA-CYAIIPOM Bwrauciusiercs
KaKk MaKCHUMyM CpeH pacu€THBIX TOMIIMH Ha OOKOBOI, BOTHYTOW M BBIMYKJIO#
MOBEPXHOCTSX), TIepexo/a B 30HE OONBIIET0 W MEHBIIETO IUAMETPOB, MArHCTPAIU H
OTBETBJICHUS TPOWHUKA, YTOJIBHUKA, MM

S — HOMHHAIIbHAS TOJNIIMHA CTCHKHU JICTAIH, MM;

[p] — Jomyckaemoe aasienue jgeranu (Beramcisiercs st ACTPA-AOC,
19C, HE@TEXHM, CB/], CY/JIIIPOM), MIla.

2.2.1. ACTPA-A3C, T9C, HE®@TEXHM, MAT'HCTP, CY/]IIPOM:.

A — TIOII[Ab CEUEHHs! YKPEIUISIONMMX IEMEHTOB TPOHIKA, MM,

2.2.2. ACTPA-MATHCTP (I'OCT P 55989-2014, 'OCT P 55990-2014):

0 — OBAJIBHOCTH CEYEHHMS ITOJI3eMHOT0 TPYOOIIPOBOA MOCIIE YKIAIKU U

3aCBIINKH.

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

Su — MCIIOJTHUTENbHAS TOJIIMHA CTSHKU JIETallH, MM;

Negp — (haxTHaeckuii K0 UIMEHT 3armaca 110 IpeaeTy TPOYHOCTH;

Nyg — (haxTHdeckuii K03 UIMEHT 3armaca 1o IMpeIeny TeKyIeCcTH;

NeedA - onpenenenve  HEOOXOOMMOCTH  ABTOQPETHPOBAHUS LIS
TPSAMOTMHEHHBIX 1 KPHBOIHHEHHBIX TPYO;

Pa — ONTHMaJbHOE IaBJIECHHE aBTO(QPETHPOBAHMS NPSIMOJIUHEHHBIX H

KpHUBOJIMHEHHBIX TpyO, MI]a.
Jononnumenvhvle pezyivbmanmol 058 MPOUHUKOS, Y20IbHUKOG:
D, — pa3Mep YKpEIIEHHOTO yJacTKa OCHOBHOHM TPYOBI, MM;
D, — pa3Mmep YKPEIUIEHHOTO Y4acTKa OTBOJIA, MM.
2.2.4. ACTPA-CB/J] (P/l PTM 26-01-44-78):
Jonoanumenvhvle pezyibmamol 015 0OMBOO08.
S3 — TOJIIIMHA CTEHKHU UCXOJHOM 3arOTOBKH, MM;
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Ds — HOMHUHAJIbHBIN Hapy>KHBIA JUaMETP UCXOAHON 3arOTOBKU, MM.
HononnumenvHvie peyrvmamul 015 MPOUHUKOS, Y2OTbHUKOS.

D, — IUaMeTp UWIMHIPHIECKON YaCTH OCHOBHOM TPYOBI, MM;

D, — IUaMeTp UWIMHIPHYESCKON YaCTH OTBOJA, MM;

D, — IUaMeTp YKpeIUICHHs OCHOBHOM TPyObI, MM;

D+, — IUaMeTp YKpEeIUICHHS OTBOJA, MM,;

L — pacu€THas JUIMHA (JUIMHA YKPETUIEHHsT) OCHOBHOM TPyOBI, MM;
L, — pacu€rHas JUTMHA (JUIMHA YKPETUIEHHs) OTBO/A, MM;

B, — IIUPUHA YKPEIUIEHHS OCHOBHOH TPYOBI, MM;

B, — IIUpPUHA YKPEIUIEHHUS OTBOJIA, MM.

HononnumenvHvie pesyrvmamul 051 NPUSAPHBIX NAMPYOKOE:

Smp — pacu€THas TOJIMHA CTeHKH MaTpyOKa, MM;

Su — TOJIIIMHA CTEHKH MaTpyOKa, MM,

H — BBICOTA MaTpyOKa, MM.

2.2. IloBepoyHbIii pacyéT HAa MPOYHOCTH

[ToBepo4HbI pacyeT Ha MPOYHOCTH MPOBOJAT Mocie pacyera (cM. m. 2.1) mo
BBIOOPY OCHOBHBIX pPa3MepoB (HOMHHAIBHBIX TOJIIWH CTEHOK S BJIEMEHTOB) I
HHU3KO-, CpEeIHEe- U BBICOKOTEMIEPATYpPHBIX TPyOONPOBOJOB B COOTBETCTBUH C
nonoxenusmu Hopm IMHAD I'-7-002-86 [1] (ACTPA-A3C), P 10-249-98 [2]
(ACTPA-T3C), PTM 38.001-94 [3], TOCT 32388-2013 [4] (ACTPA-
HE®TEXHM), PA 10-400-01 [5], TOCT P 55596-2013 [6] (ACTPA-
TEITVIOCETbH), CHull 2.05.06-85 [7], CII 36.13330.2012 [8], TOCT P 55989—
2014 [9], TOCT P 55990-2014 [10] (ACTPA-MAT'HCTP), TOCT P 55600-2014
[12], PO PTM 26-01-44-78 [11] (ACTPA-CB/J), PA5P.4322-86 [13], PASP.5137-73
[14] (ACTPA-CYJIIIPOM), “PykoBoncts..” [26, 28], PTM [15, 17] u Ha
OCHOBaHHH CJICIYIOIINX UCXOAHBIX JaHHbIX.

[lepBoHauanbHBIMM JTAaHHBIMH JIIsI TIOBEPOYHOTO pacyera Ha MPOYHOCTb
SIBIISIFOTCSI:

1) akcoHOMeTpHYecKasi cxeMa TPYOOIPOBOJHOM CHCTEMBI, KaK MPaBUIIO U
XKeJaTeJIbHO, B OOIIEH CO CTPOUTENBbHBIMH KOHCTPYKIMAMH (TIpH WX HAIWYNH)
MPaBOCTOPOHHEH JekapToBoii cucteme koopauHat X; (X), Xz (YY), X3 (Z), rae ock X,
KaK IIPaBWJIO, HAIlpaBjeHa BEPTUKAIBGHO BBEPX, OCh X; — B HalpaBlIeHUH, 00paTHOM
0003HAUEHHIO CTPOUTENBHBIX Ocel, 0ch X, — B HAIPaBICHUH, OOPaTHOM HyMepaIuu
CTPOWTENBHBIX PSIOB; JOIMycKaercs (a I psiga KOMIIOHOBOK — yOOOHO) 3aJaHHe
CXeMBl Wi ee¢ (parMeHTOB B IMIMHApPHYECKOW W (Wim) chepudecKkoil cmcremMax
KOODPJIMHAT;

2) yka3zaHHE MECTOMOJOKEHHUS U CIeU(pHUKAINN COPTaMEHTa MPSIMBIX TpYO,
NePEXOHUKOB, OTBOJIOB (I'MOOB, KOJIEH U CEKTOPHBIX) U KOCBIX CTHIKOB, TPOHHHUKOBBIX
y3JI0B (CBapHBIX, CBapHBIX C YCWIMBAIOIMMH HAKJIaJKaMH, LITAMIIOBAHHBIX H
HITAaMIIOCBAPHBIX, KOBAaHHBIX) M BPE30K, JIMH30BBIX, CHJIb(OHHBIX U CaJbHUKOBBIX
KOMITEHCATOPOB, (IAHLEBBIX COSAMHEHUH, “apMaTyphl” (KJIanaHbl, 3aJ(BIKKU U T.IL.),
000opy/oBaHUs (BKJIIOUYEHHOTO B PAaCUYETHYIO MOJENb), NMPYXUHHBIX IOABECOK (IO
MBH-043-63, OCT 108.764.01-80, OCT 24.125.109-01, “cnennpyxuH”
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BHUIIUIT, npyxuuubix onop ¢upmbl LISEGA, “npyxuH NOCTOSHHOTO ycuius”
MIPYKUH TI0JIb30BATENS), KECTKUX IOJBECOK-TST, ONOP CKOJBKCHUS, KAaTKOBBIX H
HampaBIAOLMX onop, npyxuHHeX omop (OCT 24.125.166-01, OCT 108.275.69-
80), creruanbHBIX OMOPHBIX KOHCTPYKIHH, CEHCMO- U BUOPOAMOPTH3aTOPOB H (HIIH)
BSI3KOYNPYTHX NeMI(epoB, IPOTHBOABAPUHHBIX ONIOP-OrpaHUIUTENICH;

3) BEeMTMUMHBI MOHTa)KHOTO HATSITa, 3aJJaHHBIX TEMIIEpaTypHBIX MepeMeIleHHH
MIPOMEXYTOUHBIX U ‘“MEPTBBIX~ OIOp, CTATUYECKHX M TEMIIEPAaTYPHBIX HArpy30K JUIs
pexxumoB Harpyxenuss HD (HopmanbHBIX ycnoBuit skcrutyaraun), HHI (napymenus
HOpPMalbHBIX ycioBuil skcmryatanun), I'M (ucmeitanuil) u AC  (aBapHAHBIX
curyarmii) [1, 2] wim uxX aHAIOTOB U HEPTEXWMHUH, TEIUIOCETEH M MaruCTPaTbHBIX
tpybompoBonos [3-12] — IIH (mocTosiHHBIX ¥ AuTenbHbIX Harpy3ok) u IIJIK(OH)
(TIOCTOSTHHBIX, IITUTENBHBIX, KPATKOBPEMEHHBIX M 0COOBIX HATPY30K);

4) aMIUINTYOHO-YAaCTOTHBIE ¥ (WIM) BPEMEHHBIE  XapaKTEPHUCTHKU
CeCMHYECKNX, BUOPALMOHHBIX (THAPOANHAMUYECKHX), UMITyJIbCHBIX M aBapUHHBIX
(MITA) Bo3z€iicTBHIA.

IlepBble aBe Tpymmbel NaHHBIX, cocraBmomue 80-95% Bcero obbema
UCXOJHOW WH(pOpMAalUMK, B COBPEMEHHBIX YCJIOBHSX MOXHO (M JOJDKHO)
c(OpMHUPOBATL C HCIOJIF30BAHUEM BCTPOCHHBIX IOMNOJNHSAEMBIX 0a3 JaHHBIX (TI0
JeTaysiM M cBoWicTBaM MarepuanioB) B npenponeccope ITPE-ACTPA, mubo
cpenctBamu  CAITIP TII'C  (mampumep, CADWOrX/PIPE, PDS), a 3arem
skcnoptuposats B ACTPA-HOBA.

Ha ocHoBanmm ykasaHHOW Bblmle HMHMOPMAIMM C  TNPHUBICYCHUEM
cootBercteyromx ~ OCTos, T'OCTos wu Hopm [1-64] dopmupyrorcs
(HENOCPEICTBEHHO WM C WCIOJIb30BAHMEM BCTPOCHHBIX 0a3 IJAHHBIX IO ACTAIIIM,
CBOWCTBAM MaTEepHAlIOB U MapaMeTpaM Harpy30K-BO3ACHUCTBHIA) NMPHBEICHHBIC HIDKE
UCXOJIHbIC IaHHBIE, HEMIOCPEICTBEHHO HCIIONIb3yEeMbIe B pacueTax.

2.2.1. TeomeTpuyeckue XapaKTePUCTHKHU ceYeHUI MPSAMBIX TPYO,
OTBO/I0B, IIePEX0/10B U TPOITHUKOB

D — HOMUHAJIbHBIA HApYy>KHbIM JMAMETP CEYEHUS NPSIMOIMHEHHOMN
TpyOB! (pa3menku IoJ cBapKy, KojeHa, Tuba, mepexoja, IITyLepa
WITH KOpITyca TPOWHHKA), MM;

S — HOMMHAJIbHASI TOJIIIMHA CTEHKH NPSIMOJIMHEHHOM TPyOBI (pa3nenku
IO CBapKy, KoJIeHa, ruba, Iepexoja, IITyllepa HIM KOpIyca
TPOMHUKA), MM;

Smin»  Smax — MUHMMaJbHasgs W MaKCHMalbHas TOJIIMHBI  CTEHKH
KPHUBOJIMHEHHOH TpyOBI (KOJIeHa WITH ruda), MM;

Ss — TOJIIIMHA CTEHKHU IITyIlepa B 30HE “NpUiIMBa” TPOHHUKOBOTO y37a,
MM;

Sa — TOJIIIMHA AHTUKOPPO3MOHHOM HAIIABKH, MM;

Su — TOJIILHA U30JIALIH, MM

a — YroJI pacTBOpa KpHUBOJIMHEHHOI TpyOBI, rpaj;

TypRed— tun nepexona: KOHISHTPUYCCKHUI UK SKCLEHTPUUESCKHU.

R — paanyc OCH KpUBOJMHEHHOW TpyObI (rmba, KOJeHa, CEKTOPHOIO

Mocksa, 2023 27



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2023

28

KOJICHA), MM.
2.21.1. ACTPA-A3C, ACTPA-CYJIIPOM.

c — pacueTHas mprOaBKa K TOJIIMHE CTEHKH JETalld, MM.
Jononrnumenvhvle napamempwvl Oisi 0MEOO08:
A(@) — WMOTAYHOCTH (OBAJBHOCTH) MOIEPEYHOTO CEeYeHHs THOA WIIH

KoJieHa (OTHOILIEHHWE Pa3sHOCTH MAaKCUMaJbHOTO W MHUHHMAJIbHOTO
Hapy>KHOTO JHaMeTpa CEeYeHUs K UX Hoiaycymme), %o.
HononnumenvHvie napamempel 0151 MPOUHUKO8:
TypTee — Tun KOHCTPYKIMK TPOHHMKA: cBapHOH (1), mTammnoBaHHBIH (2);

Ss — TOJIIIMHA CTEHKHU LITyIlepa B 30He “TIpUIMBa” TPOMHUKOBOTIO y3Ia,
MM;

Sm — TOJILUMHA CTEHKH MAarucTpajd B 30HE “IpUiIMBa’ TPOHMHHKOBOIO
Y3113, MM.

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

c — pacueTHast MprUOaBKa K TOJIIMHE CTEHKH AETAJH, MM.

Honoanumenvhvle napamempbi 0151 0MEOO08:

A(@) — SIMOTHYHOCTH (OBAJIBHOCTH) IMONEPEYHOTO CEYeHWsI Tmba Min

KoJIeHa (OTHOLICHHE Pa3sHOCTH MAaKCHMAaJIbHOTO M MHUHHMAJIBHOTO
Hapy>XHOTO AWaMETpPa CEYEeHHA K UX Moiycymme), %o.
Honoanumenvhvle napamempbl 0151 MPOUHUKOB:
TypTee — T KOHCTPYKUMHU TPOHHUKA: cBapHOIL (1), mTaMmoBaHHBEIH (2).
2.2.1.3. ACTPA-HE®TEXHM (I'OCT 32388-2013):

Cu1 — npu0aBKa JJIsi KOMIICHCAIUH JIONYCKa Ha MUHUMAJIbHYIO TOJIIMHY
CTEHKH 3arOTOBKHU, MM;

C12 — mpubaBKa JUIs KOMIEHCAlMM MAaKCHMalbHOTO YTOHEHHUS MpHU
TEXHOJOTHYECKHX OIEPALSIX, MM;

Cy — npubaBKa JJIst KOMITEHCAIIMY KOPPO3HH U 3PO3UH, MM;

v — CKOPOCTb KOPPO3UH, MM/TOI.

Honoanumenvhvle napamempbl 015 NPAmMblx mpyo:

Les — 3 peKTHBHAS IITHHA TPYOBI, MM;

ny — k03¢ urnerHT 3amaca MECTHON yCTOMIHUBOCTH;

ny — kod(dduimeHT 3amaca MECTHOW YCTOWYMBOCTH JUIS pacyeTHBIX
PEKHMOB;

ny" — k03¢ urmenT 3amaca MpoAOIEHON YCTOWIHBOCTH;

| — paccTosiHME MEXy OCSMH KOJIell )KECTKOCTH, MM;

Ik — IIMpUHA TONEPEYHOTO CEUSHMsI KOJIbLla JKECTKOCTH B MECTE €ro
MIPUBAPKH K TPYyOE, MM;

Ay — IIOIIa /b [IOMHEPEYHOr0 CEYEHHs KOIIbLA KECTKOCTH, M2

Iy — MOMEHT HWHEpLUMH IIONIEPEYHOr0 CEYEHHsI KOJIbIa >KECTKOCTH
OTHOCHTENLHO OCH, IPOXOJISIIIEii uepe3 HeHTp TIKECTH, M*;

e — PAacCTOSIHME MEXIYy LEHTPOM TSDKECTH IIOIIEPEYHOrO CEUeHHMS
KOJIbIIA JKECTKOCTH W CPEAWHHOM IHOBEPXHOCTHIO CEUEHUS TPYOHI,
MM;

0 — KOO(Q(UIMEHT CHIDKEHHS IPOYHOCTH CBAapHBIX IIBOB KOJIEII
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KECTKOCTH.

HononnumenvHvie napamempul 015 OME0008:

TypEIb — Tim KOHCTPYKINK KPUBOJIMHEIHON TpyOBI (0TBO/A, THOA, KOTEHA):
THYTBHIA WK KPyTOM30THYTHIH (1), CEKTOpHBIi ¢ yriioMm ckoca < 22,5
rpan, (2), mMTaMmocBapHOW €O CBapHBIMU IBaMU B TUIOCKOCTH
KpUBH3HBI (3), INTaMIIOCBapHOH CO CBapHBIMH IIBaMH II0
HeUTpasbpHOH JuHuH (4);

TypJoi — THI CTHIKOBKH KPUBOJIHHEHHON TpyObl (0TBOMA, rHba, KOJeHa) C
MPUMBIKAIOIIUME JTeTansmMu: Ha cBapke (1), Ha ¢manmax (2), Ha
cBapke 1 Ha (maHmax (3);

A(@) - 2WIMOTHYHOCTH (OBAJBHOCTH) MOMEPEYHOro CeYeHHs ruba WK
KOJIeHa (OTHOLICHHWE Pa3HOCTH MAaKCHMaJbHOTO M MUHHMAaJbHOTO
Hapy>XHOTO AWaMETpa CEYEHHA K UX Moiycymme), %o.

HononnumenvHvie napamempul 015 MPOUHUKOS:

TypTee— Ttum KOHCTpYKIMH TpoHHHMKa: cBapHoW (1), cBapHO#l cC

YKpEIULIIOIIMMH ~ HakjdaakamMu — (2),  mrammocBapHod — (3),
IITaMIIOBAHHBIN C TAHYTOW TOPJIOBUHOM (4);

s — BBICOTA OTBETBIICHUS TPOHHHUKA, MM,

hy — BBICOTA TOPJOBHHBI IITAMIIOBAHHOTO WJIM IITaAMIOCBAPHOIO
TPONHUKA, MM,

Sp — TOJNIIUHA TOPJOBHHBI INTAMIIOBAHHOIO MJIM IITaMIOCBApHOTO
TPOMHUKA, MM;

r — paauyc TOpJIOBHUHBI IITAMIOBAHHOIO MM INITaMIIOCBapHOIO
TPOMHUKA, MM;

b, — IIMPUHA YCHIMBAIOIICH HAKIAIKH, MM;

Sn — TOJIIIMHA YCHIMBAIONIEH HAKITAIKH, MM.

2.2.1.4. ACTPA-TEITIOCETH (P 10-400-01):

c — pacueTHast MpruOaBKa K TOJIIMHE CTEHKH AETAIH, MM.

Hononnumenvhvie napamempul 015 OME0O08:

TypEIb — Tim KoHCTPYKINKM KPUBOJIMHEIHON TpyOBI (0TBOA, THOA, KOJEHA):
THYTHIN co cThikamu Ha cBapke (1), Ha ¢naHuax (2), Ha cBapke U Ha
¢nanmax  (3), CEKTOpHBIA CcO CThIKaMu Ha cBapke (4),
HITaMIIOCBapPHOW CO CBapHBIMH IIBaMH B IJIOCKOCTH KPHUBU3HBI CO
cThIKaMu Ha cBapke (5), Ha ¢uannax (6), Ha cBapke W Ha (uIaHIAax
(7), mramMnocBapHOH cO CBapHBIMH IBAMH [0 HEHTPaNbHOH JMHUH
co cThIkaMu Ha cBapke (8), Ha urannax (9), Ha cBapke U Ha (aHIax
(10).

HononnumenvHvie napamempul 015 MPOUHUKOS:

TypTee— THm KOHCTpYKIMH TpoHHHWKa: cBapHoW (1), cBapHO# cC

YKPETUISIOIINMEI HaKJIaIKaMH (2), [ITAaMIIOBAHHBIA 3¢
mrramrocBapHoi (3);

r — paguyc TOPJIOBHHBI IITAMIOBAHHOTO WM LITAMIIOCBAPHOTO
TpONHUKA, MM,

bn — IIMPHUHA YCUIIMBAIOIICH HAKIIAJKH, MM;
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Sn — TOJIIIMHA YCHJIMBAIOLIEH HAKIIAJKH, MM.

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

Ci1 — npu0aBKa JJIsi KOMIICHCAUH JIONYyCKa Ha MUHUMAJIBHYIO TOJLIHHY
CTEHKH 3ar0TOBKHU, MM;

C12 — mpubaBKa Ui KOMIEHCAlMM MAaKCHMAlbHOTO YTOHEHHUS MpU
TEXHOJOTUYECKHX OIEPALSIX, MM;

Cy — nprbaBKa 1l KOMIIEHCALUH KOPPO3HUH M DPO3HHU, MM;

V1, V2  — CKOPOCTb BHYTPEHHEH U Hapy>KHOH KOPPO3UH, MM/TOI.

HononnumenvHvie napamemput 011 mpyo.

Les — 3 peKTHBHAS IITHHA TPYOBI, MM;

ny" — K03 (HUIUEHT 3araca MPOI0IbHON yCTOHYHBOCTH.

Honoanumenvhvle napamempbi 0151 0MEOO08:

TypEIb — Tim KoHCTpYKINKM KPUBOJIMHEHHON TpyOBI (0TBOA, THOA, KOJIEHA):
THYTBIA WM KPYTOM30THYTHIH (1), CEKTOpHBIi ¢ yriioMm ckoca < 22,5
rpan, (2), mMTaMIocBapHOH €O CBapHBIMU IIBaMU B TUIOCKOCTH
KpuBU3HBl (3), INTAaMIIOCBApHOW CO CBapHBIMH MIBAMHU TIO
HeWTpanbHOU JTMHUH (4);

TypJoi — THI CTHIKOBKH KPUBOJIHHEHHON TpyObl (0TBOMA, rHba, KOJeHa) C
OpUMBIKAIOIMME AeTaixsamu: Ha cBapke (1), Ha ¢uaniax (2), Ha
cBapke ¥ Ha ¢uannax (3).

Honoanumenvhvle napamempbi 0158 MPOUHUKOB:

TypTee— Ttum KOHCTpYKIHMH TpoWHHWKa: cBapHoW (1), cBapHO#l cC

VKPEIUILIOIIMMH ~ HakinaakamMud  (2),  mrammocBapHod  (3),
IITaAMIIOBAHHBIN C TSHYTOW TOPIOBUHOM (4);

Nps — BBICOTA OTBETBJICHUS TPONHUKA, MM;

hb BbICOTA TOPJOBHUHBI INTAMIIOBAHHOI'O WKW MTAMIIOCBAPHOTO
TPOMHHUKA, MM;

Sp — TOJIIMHA TOPJIOBUHBI HITAMIIOBAHHOTO WJIM IITaMIIOCBAPHOTO
TPONHUKA, MM,

r — paguyc TOPJOBUHBI INTAMIOBAaHHOTO WM LITAMIIOCBAPHOTO
TPOMHUKA, MM;

bn — IIMPHHA YCWINBAIOIIECH HAKJIaIK1, MM;

Sn — TOJIIIMHA YCUJIMBAIOIIEH HAKITAIKH, MM.

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

Honoanumenvhvle napamempbi 015 NPAMbIX MPYo:

Im — JUIMHA y4acTKa JedopMaliy Ta3olpoBoJa C YyU4eTOM €ro paboThl
3a TIpeJieNlaMy MYJIbAbI CABMKEHUS, MM;

| — JUIMHA y4YacTKa OJAHO3HAYHBIX JAedopmannii 3eMHOH MMOBEPXHOCTH
B TIOJIyMYJIb/IE CIBIIKCHUS, IEPECEKAEMOTO Ta30IIPOBOIIOM, MM;

& — MakCHMaJIbHOE CIBIDKCHHE 3€MHOW MOBEPXHOCTH B MOIYyMYJIBAE,
HepeceKaeMoil ra30poBOIOM, MM;
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Umax ~ — IEpPEeMEIIeHHE, COOTBETCTBYIOIEE HACTYIUICHUIO MPEACIBHOIO
3HAYEHHs CONPOTUBIICHHS TPYHTA MPOJOJBHBIM MEepEeMEIECHUIM
TpyOOIIpoBOaa, MM;

Kub. — k03¢ urment 3amaca odmel yCTOHIUBOCTH;

Khs. — k03¢ PUITHEHT yUueTa BEICOTHI 3aChIIKH;

& — IpeeabHO TOMyCTUMAas H3THOHas aedopMarius;

0o — pacuéTHas HauajabHasi OBaJIbHOCTh CEUEHUH TpyO, %;
p — 3aJIaHHBIN panyC KPUBHU3HBI OCH TPYOOIIPOBOA, MM;

HononnumenvHoie napamempel 015 MPOUHUKOS:
TypTee— tun KoHCTpyKIMU TpoWHMKa: cBapHoH (1), cBapHOil cC

YKPEIUISIOINMH HaKJIaJKaMHu (2), IITaMITOBAHHBIH "
IITaMIIOCBapHOit (3);

r — paguyc TOPJIOBHHBI INTAMIOBAHHOTO WM IITAMIIOCBAPHOTO
TPOMHUKA, MM;

b, — IIMPUHA YCHIMBAIOIIEH HAKIAAKH, MM;

Sn — TOJIIMHA YCHINBAIOUIEH HAKITAIKH, MM.

2.2.1.7. ACTPA-MATHCTP (I'OCT P 55989-2014, 'OCT P 55990-2014):

Hononnumenvvie napamempui 015 npAMuIX mpyo:

I — JUIMHA y4YacTKa Ne(opMalry Ta30MpoBoa C YUETOM €ro paboTHI
3a mpeacjiaMu MYyJibAbl CABUKCHUSA, MM,

I — JUIMHA y4YacTKa OJHO3HAYHBIX JedopManuii 3eMHOI MOBEPXHOCTH
B TIOJIyMYJIbJIC CIBIIKCHUS, IEPECEKAEMOTO Ta30MPOBOIOM, MM;

& — MaKCHMaJIbHOE CIBIDKEHHE 3€MHOI MOBEPXHOCTH B MOIYMYIBAE,
repecekaeMoil ra3onpoBOJOM, MM;
Umax — TepeMeleHre, COOTBETCTBYIOIIEEC HACTYIUICHHIO MPEAEeTbHOTO

3HAYCHUA COIIPOTUBJICHHUA TPYHTa TMPOJAOJBHBIM TEPEMEIICHUAM
TpyOOIPOBOIA, MM;

Kup. — k03¢ duruent 3anaca odIIel YCTOWIHBOCTH;

Kis. — ko3 puIEeHT yyera BHICOTHI 3aCHITIKH;

& — MpeJIeTIbHO J0IycTUMast U3rnOHas nedopmanus;

0, — pacuéTHas HadaJIbHasl OBAJILHOCTH CEYEeHUI TpyO, %o;
p — 3a/IaHHBINA pajinyCc KPUBHU3HBI OCH TPyOOIIPOBOIA, MM;

Jononnumenvhvle napamempbvi 015t MPOUHUKOS:

TypTee — T KOHCTPYKIMHU TPOWHUKA: cBapHOH (1), mTamMroBaHHEIH (2);

r — pasinyc ropJOBUHBI IITAMIIOBAHHOTO TPOMHHUKA, MM.

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

Jononrnumenvhvle napamempbvi 0isi 0ME0008:

TypEIb — Tim KoHCTPYKINK KPUBOJIMHEHHON TpyOBI (0TBOA, THOA, KOJNEHA):
THYTHIA HeoTnyiieHHsbIi (1), npyroii (2).

2.2.2. XapaKTepuCTUKH OMOPHBIX KOHCTPYKIMH, TUH30BBIX H

cHIb(OHHBIX KOMIIEHCATOPOB, APMATYPbI,CTEPIKHEI HEKOJIBIIEBOI0 CeYeHMs,
(1aHuEeB U obopynoOBaHUS
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Kx1, K2, Kxs — JTHHEHHBIE )KECTKOCTH OTIOPHBIX KOHCTPYKITHIA (CBs3eit), B TOM
YHCIe, ONOP CKOJIBKEHHs, KATKOBBIX M HANpPaBJISIOLNIMX OIOp II0
HampaBjieHussM oOmieit (rmobanpHON) Xi, X;, X3 WIM MeCTHOH
(;moKanbHOI) X7, %o, x4 JeKapToBO# cucTembl, KH/M;

Ka, Kg, Ky, — yIJIOBBIE XECTKOCTU OIOPHBIX KOHCTPYKILHII (CBSI3€H) BOKPYT
ocert X1, Xp, X3 uu Xll, X2/, X3/, kH m/pan;

fr1, fro  — xoadduIMEHTH TpeHHS B OMOpPax CKOJBXKEHHS, KATKOBBIX H
HalpaBJIAIOIMIUX OIOpax B HaIpaBJICHUAX BJOJb M IIOINCPEK OCHU
TpyOBI (U1 OMOp CKOJBXeHuss 00braHO mpuHUMaercs f=f,=0,3,
Jutst katkoBeix omop fr1=0,1, f,=0,3);

ki, kY Kk%s — suHeilHble OMHAMMUECKHE SKECTKOCTH CelicMO- |
BUOpPOaMOpPTH3aTOPOB M celicMo- W BuOpoxemndepoB, kH/m
(YYHTBIBAIOTCS TIPH JAUHAMHYECKHMX PacyeTax);

kda, kdB, de — YIJIOBBIC JWHAMHYECKHE IKECTKOCTH CEHCMO- U
Bubponemndepos, kHwm/pan (y4uThIBAIOTCS TPH JAUHAMHYECKUX
pacuerax);

Cyx1, Cxo, Cy3 — nuHeitHBIe KOX(POUIMEHTH IEMI(PUPOBAHUS CEUCMO- H
BuOpoxemndepos, kH-c/M (B AMHAMUYECKUX pacyeTax);

Ca, Cp C, — yrnosele ko3QGUUUEHTH JeMI(QUPOBAaHUS CelcMO- H
BuOpoaemndepos, kHm-c/paa (B TMHAMHYECKUX pacueTax);

A+, A_  —3a30pbI B CBSI3SIX HECTAHAAPTHBIX OMOP IO U MPOTHB HAMPABICHHUSI
CBSI3H, MM;

StaSup — cTaTychl CKONB3AIIMX U HATPABJIAIONINX OMOp (OXHOCTOPOHHSIS HITH
JIBYCTODOHHSISI) WM CBA3€ B HECTAHAAPTHBIX  OIOpax
(omHOCTOpOHHSISI TIO HampaBieHnio cBs3u (1), OJXHOCTOPOHHSS
MPOTHB HaNpaBJIEHUs CBS3H (2) WK ABYCTOPOHHsSA (3);

{P10m P21oms P3xoms Mizons Magons Magon} — momyckaemeie suneiinsie (kH) u
yrinoBeie (KHM) 1 yrioBblie cTaTHUeCKUe U CEMCMHUYECKUE HArpy3Ku
Ha OIOPHBIE KOHCTPYKLWH;

{Utgomy Uzzomy Usgoms Oligoms O2som Ol3zon} — JOIMYCKAEMbIEe TIEPEMEICHHUS
TpyOOINpPOBO/A B ONOPHBIX KOHCTPYKILHUSX, MM;

{My1, Myo, Mys, Jy1, Jx2, Jxa} — cocpenoTodeHnbie Macchl (M) ¥ MOMEHTBI
WHEepIUN BpameHus (M 'MZ) oTHOcHTeIbHO ocert Xi, Xp, Xs,
KOTOPBIMH MOXKET MOJEIHPOBAThCA HKECTKOE O00OpyMOBaHHE U
apMarypa, BKIIOYEHHBIE B PACYETHYIO MOJIEIb;

Ny — KOJIMYECTBO IeTIel TIPY>KUHHOM ONOopHI (ITOIBECKN);

| — JUIMHA TSTH MPYXUHHOW/KECTKOMN MOJIBECKU, MM;

Ky — JKECTKOCTH ILIeNH NpY>KUHHOU omnopbi/monsecku, KH/m (3amaercs
JUTSE BEIOPaHHOW CTPYKTYPHI);

Py — pabodas Harpy3ka Ha MPYXHHHYIO omopy, KH (mms BeIOpaHHBIX
NPYXKHH); Ui TIPYXXUH IIOCTOSHHOTO YCWIMSL — [OCTOSHHAs
Harpyska;

A — HM3MEHEHHME HAarpy3kd Ha IPYKMHHYIO IOIBECKY IIPHU IEPEXOole

TpyOOIpoBOa U3 paboUero COCTOSHHUS B XOIOIHOE, TIOJIOKHUTEIBHOE
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NEHCTBUTEIIFHOE YHCIIO, PEKOMEHIyeTcss mpuHuMath 35%. Jlns
TPyOOIIPOBOJOB, MIPUCOCTUHEHHBIX K 000pyI0BaHUIO,
YYBCTBUTEIBHOMY K BO3JCHCTBHIO YCWJIMH OT TPyOOIPOBOIOB,
pexomenayeTcs 3HadeHue <35% [17], COOTBETCTBEHHO CIIEAYET
YBEJIMYUTh KOJUYECTBO NMPHUOIVDKEHUH TpH BbIOOpe TpyxuH. s
npyxuH LISEGA pexomennyemoe 3Hauenue 25%;

m — KO3 QHUIHMEHT 3amaca 10 Harpy3Ke Ha MpYyXKHUHBI (MOJ0KHTEIHHOE
3HayeHWe, He MeHblme 1,0), peKOMEHAyeTcs NPUHUMATh B
cootBetcTBUH ¢ [17] 3Hauenne m = 1,0 + 1,3. {ng npyxuna LISEGA
peKOMeHIyeMoe 3HaueHue 1;

TypSpr — tun mpy>KUHEBL: TPEAYCMOTPEHBI CIEYIONINE THIB (COPTAaMEHT)
npyxu: OCT 108.764.01-80 [29], OCT 24.125.109-01 [30], MBH
049-63 [31], “crenpykuusr’” BHUIINOT (s ropsdux GOKCOB-
nomeriernii)  [32], TpyXWHHBI TONB30BATENS M IOJBECKH
MOCTOSTHHOTO yCHIIUS Mmojib3oBaTenst, npyxunsl LISEGA [33] u
nojBecku mocrosiuHoro ycunust LISEGA [33].

s npyscunnvix  noosecox  muna  “‘cneynpyscunv”’  BHUITUDT

OONOHUMENLHO 3A0AIOMCs Cledyloujue OaHHble:

Top — TeMIeparypa “CHelnpyX HUHbI Ui PaCUETHBIX PEKUMOB, °C;

Gup — MOAYJIb CBHTa JJIs MaTepuasa TSITU MOABECKHU “‘CHENNpYKUH IS
pacuéTHBIX pesxuMoB, MITa (kr/cm?);

Bup — KO’ (QUIMEHT ITUHEWHOTO pAaCHIMPECHUS UIs MaTephalia TATH

TTOJTBECKH “‘CTICIIIPYKUH ISl paCYETHBIX PEKUMOB, 1/Tpas.

2.2.2.1. XapaKTepHCTHKH KOMIIEHCATOPOB

TypCom —  TUNBI  KOMIICHCATOPOB B 3aBUCHMOCTH  OT
KOMIIEHCUPYEMBIX UM IEpeMelIeHU: 0CEBOM, CABUTOBOM, YIIIOBOH,
o011€ero Bra;

ke, kty», k', — JMHEHHBIC )KECTKOCTH KOMIICHCATOPOB 10 HAIIPABICHUSIM
ocelt iokanbHOM cucteMbl koopauHat X', Y, Z', kH/wm;

k', Ky, K'p, — VIJIOBBIC KECTKOCTH KOMIIEHCATOPOB BOKpyT oceit X', Y',
Z', xH-m/pag;

o, — YIJIBI MOBOPOTA KOMIICHCATOPOB BOKPYT CBOEH ocu Z', rpaf;

A — 3¢} dexTuBHBIC TITOMAIN KOMIIEHCATOPOB, M*;

Ap: As, A, — JOIyCKaeMble OCEBBIC (MM), CIOBHTOBBIC (MM), yTJIOBBIC
(MM) miepeMereH st TOPIOB KOMIIEHCATOPOB.

6’ — MPEeJIBAPUTENILHBIN HATAT KOMIIEHCATOPOB, MM;

Jns komnencamopos, 6 KOMOpbIX NPOBOOUMCS pACYEM HANPANCEHUU 6
coomgemcmeuu ¢ PJ[ 10-400-01, oOononnumensvro 3adaromcs credyroujue
OanHvie:

TypCCo — THI KOHCTPYKIHH KOMIIEHCATOPOB: CHIb(GOHHBIA (1),
JMMH30BBIN (2), CHIB(QOHHBIN C NpoMexKyTouHou BcraBkou (3),
JIMH30BBIA ¢ IPOMEXYTOYHOM BCTaBKOII (4);

D, — Hapy>KHBIN THaMeTp THOKOTO 3JIeMEHTa, MM;

D — BHYTPEHHHI IMaMeTp THOKOTO AJIEMEHTa, MM;
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S — HOMHHAJIbHAs TOJIIIMHA CTEHKH TMOKOTO 3JIEMEHTA, MM;

q — mar ro¢poB (mmupuHa rodpa), MM;

n — KOJIUYECTBO TOGPOB (JIMH3).

2.2.2.2. XapaKTepucTUKH apMaTypsbl

Xuns Y Zun — KOOpJOMHATBHl IIEHTpa MacC IITOKOB apMaTypbl B
rI100aIbHOM CK OTHOCUTEJILHO CepeIHHbL OTpe3Ka,
MO/IETIPYIOIIET0 apMaTypy, MM;

P xom Mion — JIOIlyCKaeMble Harpy3ku Ha maTpyOKku apmatypbl, KH,
kHwm.

2.2.2.3. XapaKTepHCTHKHU HEKOJIbIeBBIX ceYeHU

A, e, Iy, 1y Ke, Ky— reomerpudeckne XapaKTepHCTHKH crepxcHegi
HEKOJIBLIEBOTO CEYEHHUS: IUIOIAgb IIONEPEYHOTO CEYEeHHs, M-,
IIaBHbIE EHTPATbHbIC MOMEHTbI HHEPIHH, M", 110 JIOKATHHBIM OCSM
X' 1 Y', KpyTH/IbHBIH MOMEHT HHEpIHH, M”, KO3Q UIHEHTE! HOPMBI
(cnBura) o nokaasHBIM ocsiM X' u Y,

a, — Yroj TOBOPOTA CTEP)KHEW HEKOJIBIIEBOTO CEUYCHHS BOKPYT CBOCH
ocu Z', rpan.

2.2.2.4. XapaKkTepucTuKu (pJiaHIeB

D,d  — HapyXHbIil U BHyTPSHHHUI IHaAMETPbI MPOKIAA0K (IIaHLCB, MM;

Py — yCIIOBHOE (JI0IycKaeMoe) JaBJIeHHE BO (NIAHIICBBIX COCANHCHUSX,
MI]a.

2.2.2.5. XapaKTepuCTUKH IITYIEPOB 000pya0BaHus (BPe30K)

Sx1s Sx21 Sx3 — JIMHEHHBIE >KECTKOCTH “Bpe3oK” (y310B “‘mTymep-cocyn’,
“mTynep-odopyaoBanue”) 1Mo HaNpaBICHUSIM MECTHOH (JIOKaJIbHOMN)
X1, X2, X3 IeKapTOBOM cucTeMbl, KH/M;

Sas Sps Sy — YIJIOBBIE JKECTKOCTH “BPE30K”~ BOKPYT OCEM Xll, le, Xgl, kH m/pag.

2.2.3. Harpy3kwu u Bo3aeiicTBus

n; —  kod(pduireHT(bl) HAASKHOCTH TO Harpyske (meperpysKku)
(rabmuma 2.1 [3], Tabauma 6.1 [4], Tabmuua 2.1 [5], Tabnuma 6.1 [6],
ta6muma 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; — “mrraTHOE” WK (PAKTHIECKOE YHCIIO IIUKIOB HATPYKEHUsI TS I-TO
pacdeTHOro pexxuMa (3a Bpemst IKCILTyaTalyn);

ri — KO3 (PHUIHEHT aCHMMETPUH IMKJIA JJIs i-TO0 PACYETHOTO PEKMMA
(3a BpeMmsI 3KCIUTyaTalum);

o] — pacueTHOe BHYyTpeHHee (HapyKHOE) AaBIeHHE B TPyOOMpOBOIE
Ut i-ro pacdyeTHoro pexuma, MIla;

Pa — naenenue aprodperupoBanus, Mlla. 3amaéres mns npsMo- u

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

Ti — pacyeTHas TeMmIieparypa CTeHKH TpyObl (CpemHssi Temreparypa)
Ut i-ro pacdyeTHoro pexum, °C;
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T, — TeMIlepaTypa Ha BHEITHEHW TOBEPXHOCTH CTEHKH TPYOHI, °C;

Ti(s) — pacmpenesnenue TeMIEpaTypsl 10 TONIIHHE cTeHKH, °C;

Ti(h) — pacnpenesnenue TemMiepaTypsl 10 BbICOTe ceueHus, °C;

{g9}={d., 92 Qgs} — BekTop pachpeneneHHBIX MOTOHHBIX CTATHYECKHX

HArpy30Kk Ha TpyOompoBoj mno HampasieHusM Xi, Xp, Xz (Qs —
BecoBas Harpyska), KkH/wm;

ms — TIOTOHHBIA pAacIpeleleHHbi MOMEHT OT HEepPaBHOMEPHOTO
pacrpeneseHus TeMIlepaTyphl 10 BEICOTe cedeHus1, KHm/M;

{P}={P1, Py, P3, My, M, M3} — BekTop 3aJaHHBIX COCPEIOTOYCHHBIX
muaerHsx (P, Py, P3 — B kH) u yrmoBeix (M;, M, M3 — B kxHwm)
Harpy3ok (mo ocsiMm X, Xp, X3) HMUTHPYIOUIMHA CTaTHYECKOE
JeiicTBHEe apMaTypbl MW OOOpYJOBaHHUS, a TaKXe BO3MOXHYIO
CTaTHUYECKYIO COCTABIISIOINLYIO PeaKIK ceicMo- 1 Bubpoorop, kH;

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

{8'}={8,, &, &5} — MoHTaKHBIA HATAT, 3a1aHHBIA B MECTHOI CHCTEMe
KOOpJUHAT (Xll, X, X/3) CEeYEHMsI IPSIMOJIMHEMHOM 4YacTu
TpyOOIPOBOIA, MM;

{ai(fi)}123 — pacueTHbIC CHOEKTpPbI OTBETa; 3aJalOTCS B BHAC TaOIHII
(oM poBaHHBIX rPaMKOB) MAKCUMAIBHBIX peakluil (YCKOpeHHH a;
M/Cz, mo HampaBieHUSIM Xj, Xp, X3) JHHEHHOTO OCHMILIATOPA,
YCTQHOBJIGHHOTO Ha OTMETKE KpeIuleHHs TpyOompoBosia, Ha
ceiicmuueckoe Bo3zmedctBue ypoHs II3 w (mmm) MP3 B
3aBHCUMOCTH OT ero codctBenHoit yactotsl fi (I’ wmun pan/c) npu
3a/IaHHOM YpOBHE JIeMII(pHPOBAHHS;

{ai(t)}123 — pacueTHBle akceneporpaMMbl: 3aJAIOTCS B BHAC TaOIHUII
(orm(poBaHHBIX TpadyKOB) CEfiCMUYECKHX YCKOpeHHi a; (M/c?)
OTMETKH KpeIUIeHus TpyOompoBoaa mo HampaBiIeHUsIM X, Xp, X3 B
JIMCKPETHBIC MOMEHTHI BpeMeHH t; (C);

{ai(t)}i2s {Vi(t)}r2z {ui(t)}2s — Habop pacdeTHBIX axcelreporpaMmm
(yckopenus, M/c?), BemocurpamMm  (CKOpocTH, M/C) W (WIH)
ceficMorpaMMm  (TIepeMeIeHus, M) Ha Pa3IdIHBIX OTMETKax
KperieHuss TpyOompoBoma (mist ydera “‘HeraTOpMEeHHOro”
addexra);

Ok — k-1 wacrora JE€TEPMHHHPOBAHHOTO (THAPO)IAUHAMHIECKOTO
BO3/IeHCTBUS  (BKJIIOYAss COOCTBEHHBIE YaCTOTHI aKyCTHYECKHX
KoyiebaHui TeruioHocuTeNs), ' wiu paj/c;

{F®)} —  nerepMHHHPOBAHHBIC  TOJHIAPMOHHYECCKHE  CHJIOBBIC
BO3JICHCTBUS, 3aJlaHHbIC B CCUCHHSX TI'MOOB, KOJICH, TPOHHHKOB,
NePEeXOJHUKOB ¥ apMaTypsl B BHJE TaOMUubl ux ammmury Fy (xH),
yactoT (pan/c wiu ') u casuroB no ¢asze @k (rpan), | — HOMEp
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cedeHwust, K — HoMep TapMOHHKH CHIIBI B 9TOM CEUCHUH;

{Fi(t)}123 — wabop CHIOBBIX BO3OYXICHHI B pPAa3IUYHBIX CEYCHHSIX
TpyOOIPOBOa, KOTOPBIC 3aal0TCs B BHJE Ta0mull (onudppoBaHHBIX
rpadukoB) ycunmii Fi (kH), neficTByromumx B cedeHun TpyOonpoBoia
1o HanpasieHusIM Xi, Xy, X3 B JUCKPETHbIE MOMEHThHI BpeMeHHU {;
(c);

{Pi(t)} — mHabop cHIOBBIX BO30OYKACHHIl B pPAa3IMYHBIX CCUYCHHSX
TpyOOIpPOBOa, KOTOPBIC 3aMAI0TC B BHJE Ta0muIl (onupoBaHHBIX
rpadukoB) pmasmenmit P; (MIla), neicTByromnX B CEUYCHHUH
TpyOOMpPOBO/a B TUCKPETHBIE MOMEHTHI BpeMeHnH t; (C);

()", (6)r™", (Oap)™" —  [ONOJHHUTENbHBIE  MECTHBIE  HAIPSKEHUsI
(3amatorcs mpu pacuére mo ACTPA-ASC, ACTPA-CYAIIPOM) nns
2, 3, 4 rpynm pacuéTHBIX Hanpspxerni, Mlla.

Ilapamempor  memnepamypnsix ucmopuii (3aoaromca 0aa  ACTPA-
HE®TEXUM (I'OCT 32388-2013), ACTPA-TEIIJIOCETbH, ACTPA-

MAI'UCTP):

Jlna memannos:

T — mepenaj TeMITepaTyphl B UKIIE i-T0 THITa, TPa;

At; — UHTEpBaJl BpEMEHH, B paMKaX KOTOPOTO NMPOUCXOAUT NOBTOPEHUE
YKa3aHHOT'O KOJIMYECTBA IIUKJIOB i-I'0 THUMA,;

Noi — 4acToTa MOBTOPEHUH IMKJIA 32 YKa3aHHbBII HHTEpBal BPEMEHHU.

Hnst nonumepos: (monvko ACTPA-HEQTEXUM (I'OCT 32388-2013):

t — TeMIIepaTtypa B CTeHKe TpyObl nim netaiu, °C;

Ti — BpeMsl HENPEPBIBHOTO JAEHUCTBHs TeMIepaTypsl 1, KkoTopoe

MaTepHal MOXKET BBIJIep)KaTh 0e3 paspylieHus, U;

TypTem — TuUn Temmeparypsl: llpumHMMaeT 3HaueHUs Pabouas,

Asapuiinas v Makcumanvras. Tunsl Asaputinas w Makcumanvhas 3amaloTCs
TOJBKO OZIMH pa3 B TEMIIEPATypHOIl HCTOPHH.

36

2.2.4. Du3uko-MexaHHYeCKHe XapaKTePUCTUKH MAaTePHAJIOB

E — MOAyJib (MOZYNH) YHPYrOCTH MaTepuana TPyOBI AT pacueTHBIX
pexumoB, Mlla;

v (0" — xospdumment ITyaccoma (mms cTamu OOBMHO MPUHHMAETCS
v'=0,3);

B'(a") - xosdduument nuueiiHOro Temmeparypsoro pacmmpenns; 1/°K;
1/°C;

%, O — K03(GHULIUEHTHl YCPEOHEHHS W pelaKCalldd KOMIICHCAIMOHHBIX

HaNnpsDKeHuH, npuHuMaioTes o [1-4], s3amarorcs ais pacyera
BBICOKOTEMIIEPATYPHBIX TPYOOIIPOBOIOB;

6 — JIEKPEMEHT KoJIcOaHWH, 3aBUCAIIMN OT BHYTPCHHEH AWCCHIIAINU
SHEPTHH B MeTajule, CBAapHBIX COCIMHEHMSAX W CHCTeMe ‘“‘TpyOa-
TEIJIOHOCUTENs” W T.aI. (ISl  ONEHKH CEeHCMOCTOMKOCTH,
BUOPOIPOYHOCTH U IMHAMUYECKON PEaKLIUH);

R'.,  —mpexmen ycramocTy mpu cuMMeTpraHoM ke, MITa. 3agaéres mwis

HUIL CtaluO



HOpMaTI/IBHO-MCTOHI/I‘IeCKI/Ie OCHOBBI, UCXOQHbIE JaHHBIC U PE3YJIbTAThI

pacuéra mo ACTPA-BUBP.

o — KOX((HUIHEHT MPOMOPIHOHAIBFHOTO OeMII(UPOBAHMS 10 Macce
(ISt OLIEHKM CeWCMOCTOWKOCTH, BUOPOIIPOUYHOCTH W JMHAMHYECKOMH
peaxim), c'l;

p —  KO3(pOHUIHMEHT TMPOMOPIIUOHANBHOTO  OeMII(pHPOBAaHUS IO
KECTKOCTH (U1 OLEHKH CEHCMOCTOMKOCTH, BHOPOIPOUYHOCTH U
JIMHAMUYECKON peaKIum), c;

2.2.4.1. ACTPA-ADC, CYJAIIPOM.

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

RTpo,z — YCIIOBHBIN IIpelie TEKYUYECTH JUIsl pacueTHBIX pexxumoB, MIla;

R'm — MHHUMaJbHOE BPEMEHHOE COIPOTHBICHUE JUIS PACUYETHBIX
pexumoB, MlIla;

R'mt  — JUIMTENBHBIA TpeieN MpOYHOCTH (JUIs BpeMeHH t SKCILTyaTamum
BBICOKOTEMIIEPATyPHBIX TPYOOIPOBOJIOB) ISl pAaCYETHBIX PEXXUMOB,
MIla;

[o2] — MomycKaeMasi aMIUTATY A IPUBEICHHBIX HanpsokeHuit, MI1a;

O, ¢y — KOIDOUIMEHTHl CHIDKCHUS TMPOYHOCTH TMPOAOJIBHOIO |

HOIEPEYHOT0 CBAPHOTO 1IIBA.
2.2.4.2. ACTPA-TIC:
TypMat— tun marepuana: HeayctenuTHas (1) nnm aycreHutHast (2) cTaib;

[o] — JIOMycKaemMoe HOMHUHAJNBbHOE HaMpsDKeHUE JUIsl  PacueTHBIX
pexxumoB, Mlla (pa3men 2 [2], B 3aBHCHMOCTH OT PacUYEeTHOTO
pecypca);

Ty — pac4€THBIN pecypc, I;

[c.] — JOomycKaemasl aMIUIMTyJa HalpsDKEeHMHA [JIs 3alaHHOro 4Hcia

IUKIOB HarpyXeHws (IIyCKOB) TpyOOIIpoBOJa 3a BECh MEPUOJ
skcrmryatauu, MIla (11.5.2.7.3, puc. 5.15 [2]);

Ow, Qpw— KOIDDUIMEHTBI CHIKCHHS IPOYHOCTH TPOAOIBHOTO |
MONIEPEYHOT0 CBAPHOTO IIIBA;

R'm — MHHUMAaJbHOE BPEMEHHOE CONPOTHUBICHHE JUIA PACUYETHBIX
pexumosn, Mlla.

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

TypMat— tun matepuana: HeaycteHuTHas (1) win aycteHnTHas (2) cranb;

[6®°] - momycrumsre Hanpsvkerwst npu T=20"C, MITa (.m.3.1 u 3.2 [3]);

A, — TeMIepaTypHbIH KoddduuueHT ompenensemMsiii mo tabimme 3.1
(3I;

@, Qn; — KOIDOHULMEHTHl CHIDKCHUS TMPOYHOCTH  TMPOAOJIBHOIO U
MOMEPEYHOTr0 CBAPHOIO I11Ba;

R'm — MHHUMAaJbHOE BPEMEHHOE COIPOTHBICHUE [UIS PACUYETHBIX

pexumos, Mlla.

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

TypMat— tun martepuana: yriaepomuctas ctanb (1), HHU3KOJIETHPOBAaHHAS
ctanb (2), aycreHHTHas crtainb (3), allOMMHUNA W ero cruiaBbl (4),
Menp U e€ cruaBbl (5), THTaH M €ro ciuiaBbl (6), MOJMMEpPHBIN

Mocksa, 2023 37



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2023

38

marepua (tum 1) (7), moauMepHsiil MaTepuan (tum 2) (8).

s munos mamepuanog 1-6 (memainn):

G/t

Op/t

O/t

G602/t

—MHUHUMAJIbHOE 3HAY€HHWE BPEMEHHOTO COMPOTHUBIEHUS (Ipenena

MIPOYHOCTH) MPHU PACTSHKEHUH JUTS PacueTHBIX pexumoB, MI1a;
MUHUMAaJbHOE 3HAUYEHHE Tpefena TEKydeCTH s pacdeTHBIX

pexumoB, Mlla;

— MUHUMaJbHOE 3HAUYEHHE YCIOBHOTO IIpeieNia TeKy4decTH

(HampsbKeHHe, TPU KOTOPOM OCTaTOYHOE YIUTHHEHHWE COCTABJISET

1,0%) s pacueTHBIX pesxumMoB, MI1a;

— MHUHHMalbHOE 3HAueHHWE YCJIOBHOTO Tpeaena TEeKy4ecTH

(HampspkeHUe, TPHU KOTOPOM OCTAaTOYHOE YAJIMHEHHE COCTaBISACT

0,2%) s pacueTHBIX pesxumoB, MIla;

G3.1075t — YCJIOBHBIH IIpeell [UIUTEIbHONW IMPOYHOCTH Ha pecypc 2- 10° a4 s

pacueTHbIX pexxumoBn, MIla;

G1/241075/t —  YCJIOBHBIM npenesn MOJI3y4eCTH npu pacTsKEeHUH,

Epit
OxCit
Go,2C/t
Ts

TT

Al
Py
Qw

QPbw

o6ycnoBmuBarommii aepopmarmio 1% 3a 2:10° 4 ams pacdyeTHBIX
pexumoB, Mlla;

— OTHOCHUTENbHas TUlacTHUYecKas JedopMmanusi B MOMEHT IIOTE€pH
YCTOWYHMBOCTH JIJISl paCYETHBIX PEXKUMOB;

— MUHHMAJIbHOE 3HAa4Y€HHE BPEMEHHOTO CONPOTHBIICHHs (Ipeaena
NPOYHOCTH) TIPH CIKATHH JUTS PACYCTHBIX pekiMoB, MI]a;

— YCIOBHBIH TMpeAen TEKy4ecTH IIPH CXATUH JUIS PAaCUYETHBIX
pexumoB, Ml1a;

— Tpenesn IPOYHOCTH TP YHCTOM C/IBUIE JUIS PACUSTHBIX PEKUMOB,
MIla;

— Opeaci TCKy4€CTH MpU YUCTOM CABUTE JJIA PACUCTHBIX PEKHUMOB,
Milla;

— k03¢ durtueHT A1 pacuéra MaNOIMKIOBOH ycTamoctd, MIa;

— KO3 PHUIUEHT JyIsl pacyéTa MaNouMKIoBoH ycranocty, MIla;

— k03¢ durtueHT A1 pacuéra MaNOIHKIOBOH ycTamocTtH, °C;

— KO PHUIUESHT CHIDKEHHUS TPOYHOCTH IPOJIOIEHOTO CBapHOT'O 1IIBa;
— KO3 PUIMEHT CHMIKEHHS POYHOCTH MOMEPEYHOr0 CBAPHOTO I1IBA
IIPU pacTsHKEHHUH;

— KO3 (QUIMEHT CHIKEHHS IPOYHOCTH MONEPEYHOr0 CBAPHOTO IIIBa
IpU U3rHoe;

— K03 dHIKEHT 3amaca o npezaery npoYHocTy, (mm. 5.3, 12.1 [4]);
— K03 uIKEHT 3amaca 1o npezaety Tekyuect, (mm. 5.3, 12.1 [4]);

— ko3 dunmeHT 3amaca 1Mo mpenesy AIUTEIHHON MPOYHOCTH, (TII.
53, 12.1 [4]). Ucmonp3yercs ISl  BBICOKOTEMITEPATYPHBIX
TpyOOIIPOBOJIOB;

— K03 PHUIMEHT 3amaca 1o mpeaey moasydectd, (mm. 5.3, 12.1 [4]).
Hcrnonbe3yercs U1 BEICOKOTEMIIEpaTyPHBIX TPYOOIIPOBOIOB;

— k03¢ dHIMEHT 3amaca IO Hpeleny MPOYHOCTH MPU HCIBITAHMAX,
(mm. 11.1.2 [4]);
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Nri

n

NN
Ne

— k03 HUIHEHT 3amaca MO TpeeTy TEeKY4eCTH MPH HCIBITAHHSX,
(mm. 11.1.2 [4]);

—  [OMpaBOYHBIA  KOA(POHUIMEHT,  YUHUTHIBAIONIMNA  YCIOBHS
JKCILTyaTaly TpyOOIpPOBOIOB;

— k03¢ duIueHT 3amaca MPOYHOCTH 10 YUCITY IUKIIOB;

— K03 GUIUEHT 3amaca MPOYHOCTH MO HAPSKESHHSAM.

Jns munos mamepuanos 7-8 (noaumep):

Ex
Al
Bl
G1
J1

A2

B2

G2

J2

Kiq)
Kiw
Ki@)

Kig

y

C

I

=

K
K
K
K
K

€

— MOJYJb IMOJ3YYECTH MaTepHaia Mpu PacTsDKEHUH TPH XOJOIHOU
temreparype , Mlla;

— k03 dUIMeHT I BeTBH | KPUBOH [UIMTEIFHOW IPOYHOCTH A
(tabnuna 13.2 [4]);

— kK03 duIenT s BeTBH | KpUBOW MIMTENBHON mpodHocTH B
(tabmmma 13.2 [4]);

— ko3¢ durmment s BeTBH | KpuBOH mmmTensHOW mpouyHocTH G
(tabmuma 13.2 [4]);

— K03 UUUEHT IUIs BeTBH | KPHUBOHW JIMTENHLHON MpOYHOCTH J
(tabmuma 13.2 [4]);

— kodddumeHT mIs BeTBM 2 KPUBOW JUIMTEIBHOW IPOYHOCTH A
(tabmuua 13.2 [4]). 3amaéres mis thma matepuana «llonumepHsrit
Marepua (T 2)»;

— Koo((uIMEHT JUId BETBM 2 KPHUBOW JUIMTEIBHOW NpovHOCTH B
(tabmuma 13.2 [4]). 3amaércs amsa tuma matepuana «[lommmepHsrit
MaTepua (Tam 2)»;

— k03¢ dUIHMeHT IS BEeTBH 2 KPHBOH uTensHOU mpouHocTH G
(rabmuma 13.2 [4]). 3amaéres anmsa tuma matepuana «[lommmepHsrit
Matepuan (TUI 2)»;

— KO3 UIUEHT Ui BETBH 2 KPHUBOW JJIMTENHLHON MPOYHOCTH J
(tabmuma 13.2 [4]). 3aga€res mist Tuna matepuana «llomumepHbIit
Marepua (T 2)»;

— pacuCTHBIA KO3(PQUIMEHT 3amaca MPOYHOCTH JUIsi padoucit
temmepatypsl < 20 rpaj (tabnuia 13.4 [4]);

— pacuérHbll Koo(dduImMeHT 3amaca NpoYHOCTH M pabodeit
Temmepatypsl > 20 rpaj (tabnuua 13.4 [4]);

— pacu€THbIi KO()QUIMCHT 3araca MPOYHOCTH JISI MaKCUMAaJIbHOU
TeMrepatypsl (tabmuna 13.4 [4]);

— pacu€THBI KOX(QQUIHMEHT 3amaca MPOYHOCTH IS aBapUHOMN
TeMriepatypsl (tabmuna 13.4 [4]);

— ko3 uIHeHT ycnoBuii paboTel TpyOomnposoaa (Tabmuma 13.5 [4]);
— KO3 PHUIHEHT MPOYHOCTH COeNUHEHUs TpyO W neraned (Tabmmia
13.6 [4]);

— K03 PUITHEHT XUMUYECKOH CTOWKOCTH MaTepuaia Tpyo;

— k03 PUIIHCHT yCI0BUI TPOKIIAIKH;

—  KO3(pQUIMEHT, YyJYUTHIBAIOIIMK BIUSHUE TEMIIEpPaTypbl Ha
nedopMarmoHHbIe CBOWCTBA MaTepuana (tabmuua 13.7 [4]).

2.2.45. ACTPA-TEII/IOCETH (P[] 10-400-01):
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TypMat— tiun matepuana: HeaycreHutHas (1) wim aycteHnTHas (2) cranb;

[o] — JIOITyCKaeMoe HOMHHAJIbHOE HAINPsDKEHHE [UIS  pacueTHBIX
pexxumoB, Mlla (pasmen 2 [2], B 3aBHCHMOCTH OT PacyYeTHOTO
pecypca);

T — pacuéTHBIN pecypce, U;

R'm — MUHUMaJbHOE BPEMEHHOE COIpPOTHBICHHE [UII PaCUETHBIX
pexumoB, Mlla;

QOw, @¢ — KOOPPHUIMEHTH CHIKEHHUS TPOYHOCTH CBAPHOTO COCAMHEHUS U

ocyiabneHuit (OTBEPCTHIA).
2.2.4.6. ACTPA-TEIIVIOCETbD (I'OCT P 55596-2013):
TypMat— tun marepuana: HeaycteHuTHas (1) unm aycreHutHast (2) cTajb;

Oyt — MUHUMaJbHOE 3Ha4eHUE BPEMEHHOI'O CONPOTUBIIECHUS MaTepuaia
pa3psIBY (TIpesienia MpOYHOCTH) ISl pacyeTHBIX pexkuMoB, MIla;

Opit — MUHMMAQJIBHOE 3HAYeHHWEe TMpeesia TEKydecTH MaTepHana Jursd
pacueTHbIX pexxumoB, MIla;

¢y — KO3 PHUIIUEHT CHIDKEHHUS TPOYHOCTH IPOJIOIEHOTO CBApHOTO IIIBa;

Ow — KO3 PUIIMEHT CHIKEHHS POYHOCTH MONEPEYHOT0 CBAPHOTO IIIBA
IIPU PacTsHKEHUH;

Pow — KO3 PUIIMEHT CHIKEHHS POYHOCTH MONEPEYHOT0 CBAPHOTO IIIBA
pu u3ruoe.

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

TypMat— T maTepuana: nHeaycreHutHas (1) wim aycteHnTHas (2) cranb;

R;" — HOPMAaTHBHOE CONpPOTHUBIEHHE PACTSKEHHIO-CXKATUIO MeTalla
TpyO W CBapHBIX COEIMHEHWH, PaBHOE MHHHMAJIbHOMY 3HAUCHUIO
BPEMEHHOTO CONPOTUBJICHHUS Ul pacueTHBIX pexumos, Mlla;

R," — HOPMATHBHOE COINPOTHBIEHHE PACTKEHHIO-CXKATHUIO MeTallla
TpyO M CBapHBIX COCIUHEHH, PaBHOE MHHHUMAaJbHOMY 3HAYCHHUIO
npenesna TeKy4eCTH JUIsl pac4eTHbIX peskuMoB, MIla;

m — KO3 PHITUEHT YCIOBUI paboThl TpybopoBoaa (tabnuua 1 [7, 8]);

ki, ko — xoadunuentsr HagexHocTH Mo Marepuaiy (tabmumsr 9, 10 [7],
tabmuner 10, 11 [8]);

K — K0d((HUIMEHT HANEKHOCTH MO HA3HAUYEHHIO (OTBETCTBEHHOCTH)
TpybompoBosa (tabauna 11 [7], Tabnuna 12 [8]);

n — Kk0dh(UIMEHT HaJeXHOCTH Mo Harpyske (tabmuma 13 [7],

tabauua 14 [8]).

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

TypMat— tun matepuana: HeaycreHutHas (1) wim aycteHnTHas (2) cranb;

Oy — HOPMAaTHUBHOE CONPOTHBIEHHE Marepuasa Tpy0 M CBapHbBIX
COCAMHEHUH, paBHOE HOPMAaTHMBHOMY Ipefelly  HPOYHOCTH
(BpeMEeHHOMY COIIPOTHUBIICHHIO) TSl pacueTHhIX pexuMoB, MlI]a;

oy — HOpMaTHBHOE COMPOTHBJIEHHE Marepuana TpyO M CBapHBIX
COEMHEHHUI, paBHOE HOPMAaTHUBHOMY IMpeleNly TEeKy4decTH IUis
pacueTHbIX pexumoB, MlIla;
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Yd — K03 uUIMeHT ycrnoBuil paboTel TPyOONpPOBOAa MPH pPacyeTe ero
Ha TIPOYHOCTh, YCTOWYMBOCTD U AehopMaTHBHOCTS (Tabimuma 13 [9]);

Ymu —K09(GULMEHT HAJEKHOCTU 110 MaTepualy TpyO Ipu pacuére no
npouHocty (tabmuua 12 [9]);

Ymy — k03 PuUIMEHT HaAKHOCTH 10 Marepuainy TpyO mpu pacyére mo
TEKy4eCTH;

Yo K02 hUIHMEHT HaJeKHOCTH 110 OTBETCTBEHHOCTH I'a30IIPOBO/IA;

Yo —K09(UINEHT HAJIeKHOCTH 110 HAarpy3ke (BHyTpEeHHEMY IaBJIEHUIO)

(tabm. 11 [9]);

TypTSu— Tum TpaHCIIOPTHPYEMBIX BEIIECTB: He yKazaHO (1), MMITyTBCHBIH
WIH TOTUTHBHEIH T3 (2);

WorCon — ycnoBus paboThL: dKcruryaTanus (1) WM CTpOUTENBCTBO
(2).

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

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

Oy — HOpMaTHUBHOE COINPOTHBIICHHE Marepuaia Tpy0 H CBapHbBIX
COCIMHEeHWIl, paBHOE HOPMAaTHBHOMY TpeJely  NpPOYHOCTH
(BpeMEHHOMY CONIPOTHBIIEHUIO) TIPH pacu&THOM TeMneparype, MIla;

oy — HOpMaTHUBHOE COINPOTHBIIEHHE Marepuaia Tpy0 H CBapHBIX
COCIMHEHWIl, paBHOE HOPMATUBHOMY TpeleNly TEeKY4eCTH HpHu
pacuéTHoil Temneparype, MIla;

Yd — koo dunmeHt ycnoBuil paboTsl TpyOONPOBOAA NPH pacueTe ero
Ha TMPOYHOCTh, YCTOWYHMBOCTb M IePOpMaTUBHOCTH (Tabmmma 13
[10]);

Yds - KOd(pPHUIIIEHT YCITOBHIHA paboTsl TpyOOIpoBOa,

TPAHCHIOPTHPYIOIIETO CEPOBOIOPOICOEPIKAIIME TPOJAYKTHI, IMPH
pacyere €ro Ha MPOYHOCTh, YCTOMYUBOCTL M Je(hOPMATHBHOCTH
(tabamma 14 [10]);

Ymu —K09(hGUIMEHT HAJEKHOCTU 110 MaTepHaiy TpyO Ipu pacuére no
npouHocty (tabmua 12 [10]);

Ymy — k03 uIMEeHT HaAEKHOCTH 10 Marepualry TpyO mpu pacyére mo
TEKy4eCTH;

Yo— KO3QOUIHMEHT Yr,—KOI(QOULMEHT  HAJEKHOCTH IO  Harpyske

(BHYTpeHHEMY napneHuo) (Tadi. 11 [10]);

TypTSu—- Tum TpaHCHOPTHPYEeMBIX BemlecTB: He ykazaHo (1),
CEpOBOIOPOACOAEPIKAIIIE IPOITYKTHI (2).

WorCon — ycnoBus paboThI: 3KcIuTyaTanus (1) MM CTPOUTEIECTBO
(2).

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

TypMat— tiun matepuana: HeaycreHutHas (1) wim aycteHnTHas (2) cranb;

Rt — MUHUMQJIBHOE 3HAu€HUE IMpefesa TEKY4YeCTH Il PACUETHBIX
pexumoB, Mlla;
Rt — MUHUMAaJIbHOE 3HAYCHHE BPEMEHHOTO COIPOTHUBIEHUS (Ipeaena

MIPOYHOCTH) JJIsl pacyeTHBIX pexxumoB, MIla;
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7 — OTHOCHTEIILHOE CYXXeHHe 00pasiia JJisl paCUETHBIX PEKUMOB, %0;

O — OTHOCHUTENIFHOE YIUTMHEHHE 00paslia sl pacuyeTHBIX peXuMOB, %0;
Ng — k03¢ unueHT 3amaca MPOYHOCTHU IO HANIPSDKECHUSIM;

Ny — k03¢ urueHT 3amaca MPOYHOCTH 110 YUCITY IUKIIOB;

Ks — TEOpeTUYCCKUH KOI(PGDUIMEHT KOHIICHTPAUU TPHBEICHHBIX

YIPYTHUX HAMPSDKEHUH.

2.2.4.11. ACTPA-CB/ (P/] PTM 26-01-44-78):

TypMat— tun wmarepuama: yrmepoamcras (1), HU3KoIerupoBaHHas (2),
aycreHuTtHas (3) cTamb,

Gy — MHHUMAJIbHOE 3Ha4€HHE BPEMEHHOI'O CONPOTUBIICHUS MaTepuala
pa3phIBY (TIpesena MpOYHOCTH) JUIA PacYETHBIX peskumMoB, MIla;
O WIH Gy, — MUHUMQJIBHOE 3HAUY€HUE IpeJesla TEKy4ecTd WU

YCIOBHOTO Tpeneia TeKyuyecTH MaTepuana s pacuéTHBIX
pexumoB, MIla;

O, ¢y, — KOIDOUIMEHTHl CHIDKCHUS TMPOYHOCTH MPOAOJIBHOIO |
MIOTIEPEYHOT0 CBApHOTO IIIBa;

Ne — KO3 QHIIUEHT 3araca IPOYHOCTH MO HAIPSIKEHHUSIM;

NN — KO3 PHIIUEHT 3araca IPOYHOCTH MO YUCITY IIUKIIOB;

q — KO3 PHUIUECHT YyBCTBUTEIHLHOCTH MaTepHaa K KOHIIEHTPALIUH;

o, — TEOPETUYECKUN KOA(PPHUIMEHT KOHIIEHTPALUH;

n — ko3 urmeHT 3anaca MPOYHOCTH.

2.2.5. lIOl'lOJ'lHPITeJ'I])Hl)le XAPAKTEPUCTUKH MOA3EMHBIX U HA3€MHBIX

Tpy0ONpoOBOAOB OeCKAHAJILHOI MPOKJIAAKU B IPYHTE
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DM — InaMeTp KOXKyXa M30JISIHN, MM;
H — BBICOTA 3aCHIIKH (TITyOMHA 3aJI0KEHUS IO BEPXHEW OTMETKE), MM;
B — IMpHHA TpaHIIEH Ha YpOBHE BepxXHEH oOpasyromed Koxxyxa

W30JISILINH, MM;

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

Nm — Kod(unueHT, 3aBUCAIIMHA OT KOHCTPYKLIMH H30JSIIUH U
XapakTepa Harpyxenus, [4, 5];

TypCCu — tun xommeHcupytomei momymku: wmsrkas (1), cpemmss (2),
xkéctkast (3);

Su — TOJIII[MHA KOMIICHCUPYIOIIEH MOIYIIKH, MM.

Hononnumenvroie napamempor ACTPA-MAI'HCTP (I'OCT P 55989-2014,

T'OCT P 55990-2014):

o — YToJl MEeXJly OCHOBaHHEM M OTKOCOM TpPaHILEH, IPaj;

Kot — KO3 HIMEHT, YYUTHIBAIOIINA YMEHBLICHHE IUIOTHOCTH TPYHTa
3aCBINKH 110 CPABHEHHIO C TPYHTOM HEHAPYIICHHON CTPYKTYPHI.

2.2.5.1. XapaKTepHCTHKH I'PYHTA OCHOBAHUSI, 32CHINKH, 0TKOCOB

Erp — MoIyJh nedpopmanuu rpyHta, MIla;

Vip — xoaddunuent [lyaccona rpyHra;

Prp — IUIOTHOCTB IPYHTA, T/M";

Prp — YroJ BHYTPEHHETO TPEHUS TPYHTa, Ipa;
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Crp — k03¢ urment cuemnenns rpynta, Mlla;

e — k03¢ (pUIIHEHT TOPHCTOCTH TPYHTA;

R — HecyInas crocoOHoCTh rpyHTa, Mlla;

Cxo — KO3 QUIMEHT CONMPOTUBIICHUS MPOJOJIBHBIM IEPEMEIICHUSIM

rpynta, KH/M.

2.2.5.2. XapaKTepuCTHKH U30JISAINH

2.25.2.1. ACTPA-TEILIOCETb:

Typlzo — tun m3omsanuu: Het (1), meHononuyperas (2), nonmumepberon (3),
apMmorieHo0eToH (4), outymnepaur (5), ourymkepam3sut (6);

Emmy — Moayns ympyroctu neHomoimypeTaHa npu paboueil Temmeparype,
MIla;
Ems — MOIyNb YIPYTOCTH MOJHMATIIIEHOBON 000104k mpu paboueit

temneparype, Mlla;
[6luny — momyckaeMoe HOPMAaTUBHOE HAIPSDKEHUE B MIEHOMONINYPETaHE MPU
paboueit remnepatype, MIla;

[tlimy — IHomyckaemoe HampspKeHHE CABHIa B IICHONOJMYPETaHE IPH
paboueit remnepatype, Mlla;
[6lns - nomyckaemoe HOpPMATHBHOE HANpPSDKCHHE B HOJMATHICHOBOM

o0ostouke Tpu padboueii Temmneparype, MIla.
2252.2. ACTPA-HE®TEXHM (I'OCT  32388-2013), ACTPA-
TEILUIOCETH:.

Koi — k03¢ ¢unnent nocrenu uzonsuun (niust ACTPA-TEIIJIOCETD (P4
10-400-01) ompexgensieTcss MPOrpaMMoll IO  3aJAHHOMY THITY
usomsun), kKH/m®,

2.4. Pe3ynpTaToM Ka)KI0TO BHAA ITOBEPOYHOIO pacuera SIBISETCS, HPEKIe

BCEro, OILICHKAa HaNpPsDKEHHO-Ie()OPMHUPOBAHHOTO COCTOSIHASI M TIPOYHOCTH BCEX
9JIEMEHTOB (CEYEeHHi) TpyOOIPOBOAOB MO COOTBETCTBYIONIEMY KpuTepHio. Kpome
TOTO, ONPENEISIFOTCS HArPY3KU Ha MaTPyOKU apMaTypsl 1 000pyJOBaHUs, Ha OOPHBIC
U CTPOUTENBHBIE KOHCTPYKIHH. [IpexycMoTpeH aBTOMaTH3UPOBAaHHBII PEXXUM BEIOOpa
“OonTUMaNBHON’ CTPYKTYpHl TPYKHHHBIX moaBecok coprameHta OCT, MBH,
cnennanbHbeIX pykud BHUIIUOT (yder TeMnepaTypHOTO YAJIUHEHUS TAT) U MPYKUH
¢bupmbl LISEGA. BeruncnsitoTes Takke nepeMelieHust U cuiioBble GakTopbl (YCUITHS 1
MOMEHTBI) B TOPIIEBBIX CEUCHUSX (ACOHHBIX 3JIEMEHTOB, KOTOPHIC 3aTEM MOT'YT OBITh
UCIIONIb30BaHbl KaK TPaHUYHbIE YCIOBUS JJIsl MX YTOYHEHHOIO pacuera (a Takxke
aHajM3a YCTOMYMBOCTM) WJM JJIsl pacuera CYIIECTBEHHO Ooiee T'MOKHX
TpyOOIIPOBOAHBIX CUCTEM, IIPUMBIKAIOIINX K 3TUM CEUCHHUSIM.

{u}={uy, u,, Uz, o, ay, oz} — BEeKTOp MepeMelneHuii (TMHEHHBIX U, Uy, Us,
MM, U YIJIOBBIX O, O, O3, Paja.) CEUEHHH M Y3JI0B pacdyeTHOU
MOJIEIIH;

{N}={Qx1, Qx2, Qxz, My1, Myz, My3} — BekTOp Harpy3ok Ha “MepTBYI0” OHOPY
(maTpyOOK apMarypsl U 000pYyIOBaHHS, 3aIIEMIISIOIINE OIIOPHBIE U
CTPOUTENbHBIC KOHCTPYKIUH): CHIIBI Qyq, Qx2, Qxz (KH) 1 MOMEHTSI
My1, My2, Mys (xH-m);

{N3}={N,, My, My, Mz} — BekTop 3HaYMMBIX CHIOBBIX (HaKTOPOB B
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2, ..

PaCUETHBIX CCUCHHSIX:
N, — oceBoe ycmime, KH;
My, My, My — usrubaromue 1 KpyTAIUiA MOMEHTBI, KH-M;
Qy, Qy — moTepeydHbIe YCUITHA B PACIETHBIX CEUCHUSX;

{P}i={Px1, Px2, Px3} — BekTop Harpy3ok Ha OMNOpHbIE KOHCTPYKIUH
(Ipy>KMHHBIE TIOABECKH, OMOPBI CKOJIBKEHUS | Ap.), KH;
(o) — i-s1 cobcTBeHHast yacToTa Konebanuii, i=1, 2, ..., p (I'u wim pazg/c);
{o}i — i-s1 cobcTBeHHast hopma KoaeOaHuil CHCTEMBI,
Vi — KOOQQHUIMEHT pacmpenesieHust At i-i COOCTBEHHON (HOPMBI
konebanui, i=1, 2, ..., p
Mei — addexTuBHAT Macca A i-i coOCTBEHHOUW (DOPMBI KOJICcOaHHIA,
i=1,2,..,p
M. — HaKOIJICHHAast Macca Juis i-ii cobcTBeHHON GopMbl Konebanuii, i=1,
P
Go@®)y Ozy) Or — OKpyXHas (KonblieBas), MpPOAOJbHAs M pajuaIbHas
KOMITOHEHTBI HOpMaJIbHBIX HanpsbkeHui, MIla;
T — KacaTeJbHbIe (0T Kpy4ueHus1) Hanpspkenusi, MIla;
O1, 07, O3 — IJ1aBHbIe HanpspkeHus, Mlla;
[N] — JIONyCKAaeMO€ YMCIIO ILWKJIOB Harpy>XeHHs, COOTBETCTBYIOIIEE
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aMITUIMTyJaM HU3KO- WIIM BBICOKOYACTOTHBIX HANPSDKCHNH;

a=2=N/[N]; — HakomIeHHOE YCTANOCTHOE MOBPEKACHUE OT TPYII [UKIOB 32
CpOK 3KcIutyarauui [5];

2.4.1. Tpy6onposoast ADY (ACTPA-ADC):

(o)1 — TIpynna TPHUBEINCHHBIX HANpsDKEHWH, ompenenseMas 110
COCTaBJISIFOIIUM 00IMX MeMOpaHHBIX HampspkeHWH (Tpymma 1), ot
neiictBus pabodero gasneHus, MIla;

(o), — pacueTHbIC IPUBECHHBIC HANPSDKEHHS (TpyTa 2), onpeaesieMble
M0 CyMMaM COCTaBJISIOMIMX OOMMX WJIM MECTHBIX MEMOPaHHBIX U
o0IMX M3rHOHBIX HANpsHKEHWH, OT JEHCTBHS BECOBOM HArpy3KH U
nasnenusi, Mlla;

(6)rk — MaKCHMaJbHBIA pa3Max MPUBEACHHBIX HAMpsDKeHHH (rpymma 3),
ONpEeACIACMBIX IO CyMMaM COCTaBJIAIOMINX paHEC YIOMIHYTBIX
HaNpsDKeHUH, OOLIMX TEeMIepaTypHbIX, MECTHBIX W3THOHBIX U
CIABHUI'OBBIX HaHpﬂ)KeHHﬁ, oT }IeﬁCTBHH JaBJICHUA, KOMIICHCAllUH
TeMIepaTypHBIX pacIIupeHuil U cMeleHus onop (koH1os), MI]a;

(0aFp)k  — AaMIuIUTYZa T[PUBEICHHBIX “HU3KOYACTOTHBIX”  HANPSUKCHUM
(rpynmna 4), onpenensemas OT IeHCTBUs TeX ke (aKToOpoB, YTO H
(6)Rk € Y4ETOM KOHIEHTPAIMH HAMPSHKEHUI M OBAJIBHOCTH CEYEHUM
(Juts KOJIEH 1 THOOB);

(o9)1 — pacyeTHbIE IIPUBEICHHBIC HAIPSDKEHUS, OIpENeisieMble Kak
HANpPsDKEHUST TPYIILI (G); OT JSHCTBHS JIaBJIEHUS, U CEHCMUYECKUX
BozzaelicTBuil yposus 13 v MP3, Mlla;

(o), — pacyeTHbIE IIPUBEINCHHBIC HAIPSDIKECHUS, OIpPEHesIeMble Kak
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HAIPSKEHUS TPYIIEI (G), OT IEHCTBUS JaBJICHHs, BECOBOM HArPy3KH
u ceiicMuaeckux Bo3zaericTeuil yposus 113 nimm MP3, Mlla;

2.4.2. Tpy6onposoab! napa u ropsiueii Boabi (4CTPA-TIC):

Gup

OCs¢

c?KB

Gymax

Gmms

— pacdeTHOEe MPHUBEACHHOE HANPSDKEHHUE OT BHYTPEHHETO JAABIICHHUSA,
MIlIa;

— pacuetHoe 3¢ (deKTHBHOE HANpsSHKCHHE, OmIperenseMoe II0
COCTaBJISIIOIINAM OOIMX M MECTHBIX MEMOpaHHBIX HANpsDKEHUH U
o0IMX WM3TUOHBIX HANpPSDKEHWH, OT NEHCTBHS BECOBOW HArpys3Kw,
BHYTPEHHETO JaBlieHUs] U pabounx Harpy3ok omop, Mlla (stam |
MOJTHOTO pacueTa, IUIsl OLECHKH CTAaTHYSCKOH MPOYHOCTH, TaOJIHIIa
5.412));

— pacueTHbIC OKBHBAJICHTHBIC HAIPSIKCHUSA, ONpeAeIsieMble IO
CyMMaM MEMOpaHHBIX U M3TUOHBIX HAIPSDKCHHM, OT NEHCTBUS BCEX
Harpy’karommx ¢axkropos st padouero (3tan Il) m Hepabouero
(atan 1V) cocrosauit, MIla (At OleHKH CTaTHYECKON IPOYHOCTH Ha
stamne |l 1, TOTBKO AJI BRICOKOTEMIIEPATypHBIX TPYOOIPOBOJOB, HA
srane |V, Tabmuna 5.4 [2]);

—  pacueTHBIE  OKBHBAJCHTHBIE  MAaKCHMAJIBHBIC  YCIOBHBIC
“HU3KOYACTOTHBIC” HANpPsDKEHHS, ONpeAeNsieMble OT JeHCTBUA
BHYTPEHHETO JIaBIICHMS, TeMIepaTypHOTO pacmupeHus,
“cOOCTBEHHBIX” CMEIIEHHH 3alleMJIEHHBIX KOHIIEBBIX CEYEHUH,
YCHJIUH  CONMPOTHUBJICHUS IMPOMEXKYTOYHBIX OMOP C  YYETOM
KOHIICHTPAIIMU HAMPSKCHUHA W OBAJBHOCTH CEUCHHMU (VIS KOJCH U
ru6oB), MIla (3tan Il nonHoro pacuera, Uit ONEHKU YCTaIOCTHOM
MPOYHOCTH HHU3KOTEMIICPATYPHBIX TpyOONpoBOAOB, Tabiuia 5.4
[2]);

— pacueTHbIC MEMOpaHHBIC HAIPSDKCHHS, ONPEACSIEMbIE OT
JIEUCTBUSL BHYTPEHHETO JaBJICHHUSI U CEHCMHUYECKHX BO3ACUCTBUN
yposust 13 (HYD+I13), MIla (tabmuuna 11.3 [2]);

OmmstOps — pacueTHbic MeMOpaHHbIC W OONIME W3THOHBIC HATPSIKCHUS,

onpejensieMble  OT JACHCTBUSI JIaBJICHMS, BECOBOM Harpyskn u
ceiicmuueckux Bo3aeiicteuil yposHs I13 (HYI+I13), MIla (Tabmuina
11.3 [2]);

2.4.3. Tpy6onpoeonbl Hedprexumun u Hedrenepepadorkn (4CTPA-

HE®TEXHM).:

PTM 38.001-94

(0)e

(0)ae

(0)aev

— SKBHUBAJICHTHBIC HANIPSHKCHUS TIPH pacdeTe HECyIIed criocoOHOCTH
(atam 1) u cratnyeckoit mpounoctu (3tam 2), Mlla;

— aMIUITyZa OSKBHUBAJICHTHBIX HANPSOHKCHWH TIIpH pacdyere Ha
MUKITMYECKYI0 MPOYHOCTH (3Tam 3a) ¥ ANUTEIbHYIO IUKINYECKYIO
npoyHocTsh (3Tamn 30), MIla;

— aMIUTUTYJa SKBUBAJICHTHBIX BUOpoHanpsokernid, MIla;

I'OCT 32388-2013

(o
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Ao,

K

MPOYHOCTh (3Tam 2 fAJs HU3KOTeMIIEpaTypHBIX, d3Tanm | s
CpeaHeTeMIepaTypHbIX, ATalbl 2 U 4 I BBICOKOTEMIIEPATYPHBIX
TpybomporoaoB), MIla;

— aMIUIMTYAOBl DKBUBAJICHTHBIX HANPSHKEHUH TMPU pacdeTe Ha
LUKJINYECKYIO MIPOYHOCTH (aTan 3 s HU3KO- u
cpenHeTeMIepaTypHbIX TpyOorpoBoos), MIla;

— DKBUBAJICHTHOE YHUCJIO MOJHBIX IMKIOB HAarpyxXeHus (dram 3 s
HHU3KO- M CpeTHETEMIIEPaTYPHBIX TPYOOIPOBOIOB);

— TPOJOJIEHOE OCEBOE CXKMMAIOIIEee YCHIIME NMPU NPOBEpKe 00men
ycroitunBoctu (3Tamsl 1, 2, 4), kH;

— 3¢ dexTuBHBIN K03(QUIIeHT MEeCTHOH ycTolUnBOCTH (3Tl 1, 2,
4).

2.4.4. Tpy6onposoas! Tenaocereiit (ACTPA-TEIIVIOCETH):
PJ] 10-400-01:

Ok

Onny

Tnmy

Om

— JKBHBAJCHTHBIC HANPSHKCHHS B MeTajuie TPyOBl NMpU pacdueTe Ha
CTaTUYECKYIO M IIMKIMYECKYIO MPOYHOCTD (dTarsl 1, 2, 3, 4), MIla;

— TpPOJAOJBbHBIC HANpsDKEHWs B IeHomonmyperane, MIla (s
TpyOOIIpOBOOB OecKaHaIbHOM Mpokianku B rpyHTe ¢ IIITY+ID
M3OJISIHEH );

— HampsDKeHHWsl cIBWTa B NeHomoimyperanme, Mlla (mns
TpyOONPOBOIOB OECKAHAIBLHOM ITPOKIIAAKH B TPYHTE);

— TIPOAONBHBIC HANPSOHKCHHUS B MOJIMITHIEHOBOH obOomouke, Mlla
(mtst Tpy6OTIPOBOIOB OeCKaHATIBHOM MPOKIIAAKA B TPYHTE);

T'OCT P 55596-2014:

Ce

Oonny

Tnny

Ooms

— DOKBHMBAJICHTHBIC HANpSOUKEHUS IIPU pacyeTe Ha CTaTUYECKYIO
npouHocTh, Mlla;

— aMIUIMTYJBl OKBHUBAJICHTHBIX HANPSDKCHMH MIpPU  pacueTe Ha
HUKINYECKYI0 pouHocTh, MlIla;

— DKBUBAJIEHTHOE YHCJIO MOJHBIX I[UKJIOB HArPy>KEHMUS;

— IIPOJIOJIBHOE OCEBOE CHKUMAIOIEE YCHIIUE IPH HpOBepKe oOIeH
ycroituuBoctH, KH;

— TpOJOJbHBIE HampshDKeHUs B neHomonuyperane, MIlla (s
TpyOOoInpoBoZOB OeckaHaIbHON mpoxiaaku B rpynte ¢ [HITY+ID
U30JIAIUCH);

— HampsDKeHWsi cIBuUra B neHomoiumyperaHe, MIla (s
TpyOOINpOBOAOB OECKaHAIBHOM MPOKIIAJKU B IPYHTE);

— TPOJOJBbHBIC HANPSDKEHHS B IOJMATWIEHOBOW obosouke, MIla
(st TpyOGOTIIPOBOOB OECKAHAIBHONW MPOKIAKH B TPYHTE);

2.4.5. Maructpaabhsbie Tpy6onpoBoasl (ACTPA-MAT'HCTP)
CHull 2.05.06-85, CII 36.13330.2012:

G110
G20

— KOJIbLIEBOE HANPSDKEHHUE OT BHYTpeHHero nasneHus1, MIla;
— OpOAOJIBHOE HampsDKEHUE OT BHYTPEHHErO JABIEGHUS U
pooJibHOM cuibl, MIla;

Gpacr » O2pacr — TNIABHBIE HANIPSHKEHMS B pacTAHyTOM 30HE, MIla;
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CBJD):

Olex» O2ex — TJIABHBIE HAIIPSDKEHUA B cxaTol 30He, MIla;

G, — DKBHMBAJIEHTHOE HANPsIKEHHE 10 HeWTpanbHOU ocu, Ml]a;

G — DKBUBAJIECHTHOE HANPSUKEHUE B 30HE pacTspkenus, MIa;

Gy — DKBUBAJIECHTHOE HANPSUKEHUE B 30He Cxkatus, MIa.

TOCT P 55989-2014, TOCT P 55990-2014-

Ch — KOJIBIIEBBIE HATIPSUKEHUS OT BHYTPEHHETO JaBienws, MI1a;

o) — MpoJoJIbHBIE HanpsbkeHus, MIla;

Ocq — DKBUBAJICHTHEIE HATIPSUKEHUS 110 Teopru Museca, Mla;

S — BKBHMBAJICHTHOE TIPOIOJIBHOE OCEBOE YCUITHE TIPH TPOBEPKE OOIIeH
ycroituuBoctH, kKH;

€p/€cr — COOTHOIICHHUE MPENEeTbHO IOMYCTUMOW M3THOHOW M KPHUTHYECKOI

MIPOAOIBEHOM TOIBKO MPH U3rHOe ra3onpoBoa aehopMarmi.
2.4.6. TpyGonpoBoabI BBICOKOTO H CBEPXBBICOKOTo naBijeHusi (4CTPA-

I'OCT P 55600-2013:

O — SKBHBAJICHTHBIC HANpPsDKEHUS B MeTamie TPyObI IIpU pacyeTe Ha
CTaTUYECKYIO IPOYHOCTh, MIIa;
Gy — AaMIUIMTYAa OKBHMBAJICHTHBIX HANpSDKEHUM IIpUM pacdere Ha

LUKINYECKYIO MpouHoCcTh, Ml1a.

PJ{ PTM 26-01-44-78:

6",  — DKBHUBAJEHTHbIE HAIPSHKEHUS HA BHYTPEHHEN MIOBEPXHOCTH TPYOBI
OT  COBMECTHOIO  JEHCTBHS  BHYTPEHHErOo  JaBJCHUA U
TeMIepaTypHOTO Nepernajaa no TOIIUHE CTEeHKH;

6", — DKBHBAJICHTHbBIE HANPSDKEHHS Ha HAPYXHON MMOBEPXHOCTU TPYOBI
OT  COBMECTHOIO  JEHCTBHS  BHYTPEHHETO  JaBICHUA U
TEMIEPATYPHOro Nepenaaa no TONIUHE CTEHKH;

2Pi/[P]i — olieHKa MPOYHOCTH OT JAOTOJIHUTEIBHBIX HATPY30K.

Ca — AaMIUIMTYJbl OSKBUBAJCHTHBIX HANpPSDKEHMH MpU pacueTe Ha
HUKIHYECKYI0 IpouHOocTh, Ml1a;

2.4.7. Cynosblie Tpyoonposoast (ACTPA-CY/JIIPOM).

% — NpUBEAEHHBIE HANpPSDKEHUS, ONPENENseMBIE MO COCTABISAIOIIMM
o0mux MeMOpaHHBIX HaNpsOKeHWH, OT JedcTBHS — pabodero
nasnenns, Mlla;

Cupi — pacueTHble MPHUBEICHHBIE HANPSDKEHUs, ONpeAeNsieMble IO
CyMMaM COCTaBJISIIOIIMX OONIMX WJIM MECTHBIX MEMOpaHHBIX U
00X M3TUOHBIX HATPSDHKCHHH, OT IEWCTBHS BECOBOH HATPY3KH U
nasnenus, Mlla;

Cup2 — pacyeTHble IPHUBEICHHBIE HANPKCHHA, OIpEHeIsIeMble MpH
HaJMYUM JONOJHUTEIBHBIX K MJABJICHUIO HArpy3oK, 10 CyMMaMm
COCTAaBILSIIOIIMX  paHee  YHOMSHYTBIX  HANpPsDKEHUH,  OOIIMX
TEMIICPATYPHBIX, MECTHBIX I/I3FI/I6HI)IX N CABUT'OBBIX HaHpHH(eHHﬁ, oT
JIEHCTBUS JaBJICHUs, KOMIIEHCALIUM TEMIIEpaTypPHBIX PACIUUPEHUN U
cMmenieHus onop (koHuos), MIla;

O'a* — pacy€rTHble AaMIUIMTYJbl IPUBEIACHHBIX YCIOBHO YIPYTHUX
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HaIpsDKEHUH, onpejernsieMasl OT IelCTBHUS TeX ke (aKTOpOB, UYTO U
Gup2 C YYETOM KOHLEHTPALMH HaNpsyKEHWH U OBAJIbHOCTH CEYEHHMIt
(111 KOJIeH 1 THOOB);

Hononnumenvho npusoosmcesi credyowue pe3yivmamsl pacuéma granyesvix

coeounenu:

b — ONTUMaJIbHAs NIMPUHA TUIOCKON TPOKIIAIKH, MM;

Mx — MOHTa)XHBIM MOMEHT Ha KJitoue, KHwm;

Cup — HanpsbKeHHe B nenbHoM ¢uanne, MIla;

Oup — HanpsHKEHUE B HAKOHEYHHKE cBOOOIHOTO (utantia, MIla;
Opesx.  — HamlpsbKEHUE B KoJblie cBOOoHOrO (ianna, Mlla;

Mp — JONyCKaeMbIi Kpy TSI MOMeHT, KHM;

d; — pac4€THBIN AuaMeTp OONTOB/IIIHICK, MM,

d, — pac4€THBIN AuamMeTp OONTOB/IIMHIICK, MM,

d, — pac4€THBIN AuaMeTp OONTOB/IIIMHIICK, MM.

2.5. Tlo xomIuekcam MporpaMm, BXoasumMx B cemeiictBo ACTPA-
HOBA’2023 , npoBOJsATCS CIEAyIOUIUE BUJIBI (pa3enbl) TOBEPOYHOTO pacuera Ha
NpoYHOCTh TpyOompoBomoB [1-12] (“3Be3moukamu’ IOMEHYEHBI TE€ pacyeThl JUIs
TpyOOIIPOBOAOB  HE(PTEXMMHHM, TEIUIOCeTel W  Marucrpaied, KOTopble He
periaMeHTHpPOBaHbl JEHCTBYIOIIMMH POCCUMCKUMH HOPMaMHM, HO MOTPEOHBI Kak IO
3arpocam MPaKTHKH, TaK U [0 COBPEMEHHBIM MHUPOBBIM CTaH/IapTaM).

2.5.1. ACTPA-ADC [1]:

1) pacuemor Ha cmamuueckyio npouHOCMY;

2) pacuem Ha YUKIUYECKYIO U ONUMETbHYIO YUKIUYECKYHO NPOYHOCDb)

3) pacuem na npounocme npu Hepaboyem COCMOAHUU U UCHLIMAHUSX,

4) pacuem Ha ycmotiuugocmy;

5) pacuem Ha celicmMuuecKkue 8030eUCmaus;

6) pacuem Ha 8UOPONPOUHOCMY;

7) pacuem na OuHamuiecxue 8030etcmeust.

2.5.2. ACTPA-TAC [2]

1) pacuemvl Ha cmamuyeckyo nPOYHOCHb,

2) pacuem Ha YUKIUYecKyio u ONUMenbHYI0 YUKIULECKYI0 NPOYHOCMDb;

3) pacuem na npounocmv npu Hepabouem COCMOSHUU U UCTILIMAHUSIX,

4) pacuem Ha celicMuueckue 8030elUCmeus;

5) pacuem na eubponpournocme,

6) pacuem Ha OUHAMUYECKUE 8030€UICTNBUSL.

2.5.3. ACTPA-HE®TEXHM [3]:

1) pacuemnas oyenka Hecyweli cnocobHocmu,

2) pacuem Ha cmamu4eckyro npoOyHOCMb;

3) pacuem Ha YUKIUYECKYIO U ONUMENLHYIO YUKIUYLECKYIO NPOYHOCND;

4) pacuem Ha npouHoCcMb NpuU HEPaAboOUeM COCMOAHUU U UCHBIMAHUAX,

5*) pacuem na celicmuueckue 8030eUcmaus.;

6) pacuem na 6uOPONPOUHOCY;,

7%*) pacuem na Ounamuyeckue 6030etCmesusl.

2.5.4. ACTPA-TEIT/IOCETH [5]:

1) pacuemvl Ha cmamu4ecKyio npoYHOCMY;
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2) pacuem Ha YUKIUYECKYIO NPOYHOCND;

3) pacuem ma npounocms npu Hepaboyem COCMOAHUU U UCHLIMAHUSAX,

4) pacuem na ycmouuueocms;

5*) pacuem na celicmuueckue 8030elcmaust,

6*) pacuem na subponpournocmo;

7%*) pacuem Ha OuHamuyeckue 6030etCmasus.

2.5.5. ACTPA-MATHCTP [7-10]:

1) pacuemvl Ha cmamu4ecKyio npoOYHOCMY;

2*) pacuem Ha YUKIUYECKYIO NPOYHOCMDY;

3) pacuem na npouHOCMb NPU HEPAOOUEM COCMOAHUU U UCHBIMAHUSX,

4) pacuem Ha ycmouiuugocmo;

5) pacuem Ha ceticmuueckue 8o30elicmaus,

6) pacuem Ha 8UOPONPOUHOCMY;,

7) pacuem Ha OuHAMUYecKue 8030etCmeusl.

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

1) pacuemvl Ha cmamu4ecKyio npoOYHOCMY;

2) pacuem Ha YUKIUYECKyI0 NPOYHOCMY;

3) pacuem na npouHocmb NPU Hepabouem COCMOSHUU U UCTILIMAHUSX

4*) pacuem na celricmuyeckue 6030eliCmeus;

5%) pacuem na subponpournocmo;

6*) pacuem na ounamuueckue 6030etcmsusl.

2.5.1. ACTPA-CYJITPOM [13-14]:

1) pacuemvr Ha cmamuueckyro npOYHOCMb;

2) pacuem Ha YUKIUYECKYIO U ONUMENbHYIO YUKIUUECKYIO NPOYHOCb;

3*) pacuem na npouHocmv npu Hepabouem COCMOSHUU U UCHBIMAHUSIX

4*) pacuem na celicmuueckue 8030eUCmaus.;

5*) pacuem na eubponpounocmo;

6*) pacuem na ounamuueckue 6030elcmaus.

Kpome mnepeuncieHHbIX, HOPMAaTHBHO pErJaMEHTHPOBAHHBIX pPacueToB,
MOJXKET TPOBOAMTHCS B JIMHEWHO-YNPYrod JMHAMUYECKOW ITOCTAaHOBKE pacyer
MOCIIEAICTBUH “MTHOBEHHOTO” pa3pbiBa TPYyOOIPOBOJIOB M pacyeT OT KNHEMaTHYECKUX
(CTIEKTPHI U aKceIeporpaMMBbl) BO3ICHCTBHIA, BRI3BAHHBIX BHECITHUMH HArpy3KamH Ha
CTPOHTENbHBIC KOHCTPYKIUH (yIap camoJieTa, yIapHas BO3IyITHAs BOJHA H T.IL.).

2.6. IToBepoYHBIH pacyeT OCHOBAaH Ha OIEHKE IPOYHOCTH IO JOIMYCKacMbIM
HaANPSDKCHUSIM, TIEPEeMEIIeHUSIM U JedOopMaIusM, COOCTBEHHBIM 4acTOTaM KoJieOaHMiA
U YCTAJIOCTHBIM TIOBPEKICHIUSM.

2.7. PacuerHple HampsHKCHHWS HA COOTBETCTBYIOIIMX JTalax pacueTa
OMNPEIEIIAIOTCS 110 TEOPHSIM HAMOOJBIINX KacaTeabHbIX HampspkeHui [1, 5, 13] wmm
sHepruu Gopmomsmenenus [2, 3, 4, 6, 7, 8, 9, 10, 11, 12] mrs npsiMeix TpyO, OTBOIOB
3aJaHHBIX THIIOB (THOOB, KOJIEH, CEKTOPHBIX), EPEX0I0B, OPTOrOHAIBHBIX M KOCBIX
panuaibHBIX TPOMHUKOBBIX COEAMHEHUI (CBApHBIX, CBAPHBIX C YCHJIHMBAIOIIUMHU
HaK/IaJKaMH, INTAMIOBAaHHBIX M INTAaMIIOCBApHBIX) M “HEHOPMAaTM30BaHHBIX
JIUH30BBIX ¥ CHJIB(OHHBIX KOMIEHCATOpoB (mo Meroauke [3, 5]) mo 3amaHHOMY
pabodeMy JaBICHUIO M BHIYUCICHHBIM 3HAYHMBIM BHYTPEHHHM CHJIOBBIM (hakTopam
(oceBast cuia, U3rudaroIne U KPyTAIIMHA MOMEHTHI B CEYEHHH) U COIOCTABIISIIOTCS C
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JOITyCKa€MbIMH 3HAUEHHMSIMH — HETOCPEACTBEHHO (OLIEHKHM HECYIIeH CHOCOOHOCTH,
CTaTUYECKOH TMPOYHOCTH H  CEHCMOCTOMKOCTH) WM dYepe3 CyMMHpPOBAaHHE
HNOBPEXIEHUH OT HUKIOB W (WiH) (akTopoB (OUEHKH LUKIMYECKOW IMPOYHOCTH,
JUIMTEIIbHOW LMKJIMYECKOHM IPOYHOCTH M LUKIMYECKOHM IIPOYHOCTH C Y4YETOM
BBICOKOYACTOTHBIX COCTABJISIONINX — BHOpAIIHii).

2.7.1. ACTPA-ADC. PacueTHble IPUBEIEHHBIE HANPSHKEHUS TPy (6)1, (0)2,
(O)rk, (OaF)k, (05)2 um (Oa)j, comocraBisieMble € JOMYCKaeMBbIMH 3HAYCHUSIMH,
OIIPEJICTISIIOTCSL 110 TEOPHM HauOONBIIMX  KacaTeNbHBIX HANpsDKEHUH — uepes
KOMITOHEHTHI, BBIUMCIsieMble cornacHo ¢opmyn [1, 28] mo 3ajzaHHOMY IaBJECHUIO,
BBIYHMCIICHHBIM 3HAYMMBIM BHYTPEHHUM CHJIOBBIM (hakTOpam M, KpOME TOT0, MECTHBIM
(B TOM 4mcIle, OCTaTOYHBIM) HANpsDKEHUSIM B 30HAX CBapKU U JPYTHX 30H KPaeBBIX
a¢¢exroB. Jlnsg THKETO HArpy>)KeHHBIX OTBOAOB (THOOB, KOJIEH, CEKTOPHBIX) H
OpPTOTOHAIIFHBIX PaBHO- M HEPABHONPOXOIHBIX TPOHHHUKOB (CBApHBIX, C HAKIAJIKAMH,
IITAMITOBAHHBIX ¥ MTAMITOCBAPHBIX BPE30K) BEITIOHACTCS TaKXKE pacdeT HAIPsHKECHUH
U OIICHKA MMPOYHOCTH M0 YTOUHEHHBIM MeToaukaMm [1, 28, 28]. OueHka HHUKINYECKOit
MPOYHOCTH TPU HECKOIBKUX PEKUMax paboTHI TpyOompoBoda (dTam 3 CTaTHYECKOTro
pacdera) BEIIOIHATCS 10 GopMyJiaM JIMHEHHOTO CYMMHPOBaHUS OBPEKICHUH, Ta XKe
METOJIUKA UCIIOIB3YETCs AJIsl OLIEHKH BUOPOIIPOYHOCTH.

2.7.2. ACTPA-TA3C. PacuerHble mpuBeiacHHbIC, 3(deKkTuBHBIE U
SKBUBAJICHTHBIE HANPSKEHHUS TIPYNI Gup, Ospr Odiss Oymaxs Omms M OmmstOps, AJIA
OpsMbIX  TpyO, OTBOJOB, “HEHOPMAJIM30BAHHBIX” JIMH30BBIX M  CHIIL(OHHBIX
KOMIIEHCATOPOB M PaBHOIPOXOJHBIX (TOJNBKO!) TPOHHMKOB, COIMOCTaBIISIEMbIE C
JIOMyCKaeMbIMH 3HAYCHHUSAMHE, OMpENeNsIfoTes coriacHo (opmynam [2]. Onenka
LUKJINYECKON MPOYHOCTH TPH HECKOJIBKUX PeXHMax padoTel TpyOompoBoaa (3tam 3
CTaTHYECKOTO pacyera) BBIIOJIHATCA 10 (opMyiaM JHMHEWHOTO CYMMHPOBaHHMS
TTOBPEK/ICHHUH, Ta YK€ METOJIUKA UCTIONIB3YETCs JJIsl OLIEHKH BUOPOIIPOYHOCTH.

2.1.3. ACTPA-HE®TEXHM. PacueTHbIC TNpHUBEICHHBIC (PKBUBAJICHTHBIC)
HampsokeHust Tpymn (G)e, (G)ae, (C)aev HA COOTBETCTBYIOLIMX JTamax pacuera,
COIIOCTAaBIISIEMBIE C JIOITYCKAeMBIMH 3HAUEHISIMH, OTIPEICISIFOTCS COTIAcHO (popMyIaM
[3] Mo BHYTpeHHEMY MABICHHIO W BBIYHUCICHHBIM 3HAYAMBIM BHYTPEHHHM CHIIOBBIM
¢dakropam.  JlnWTenpHAs ~— IHMKIMYECKas  MPOYHOCTh  BBICOKOTEMIEPATYPHBIX
TpyOOIPOBOZIOB CYUUTAETCSI OOECIIEUCHHOW, €CNH BBIIONHAIOTCA HOpPMAaTHBHBIC
YCIIOBUSI CyMMHPOBAHHMSI TIOBPEXKIACHUH OT YCTAIOCTH U TOJI3yUYECTH.

2.7.4. ACTPA-TEIIVIOCETbD. PacueTHble SKBUBAJICHTHBIC HANPSDKEHUS Op
OT JaBJCHHUsS] U BBIYMCISIEMBIX 3HAYUMBIX CHJIOBBIX (DAKTOPOB, OINpeesieMbie 10
TEOpPHH HAWOOJBIINX KAacaTENbHBIX HANPSOHKEHHH depe3 KOMIOHEHTHI (HOpMalbHBIC
OKPYKHBIE O, OCEBBIE Oy H PAIHAIIbHBIE G U KACATENIbHBIE T) ¥ IIABHBIE HANPSIKEHUS
O1, Oy, O3 Ha dTamnax 1, 2 u 4 pacyera g NPsIMBIX TPyO, OTBOAOB 4-X THIIOB (THYTHIX,
KPYTOM30THYTBIX W IITaMIIOBaHHBIX, CTBIKYEMBIX C TpyOamMu Ha cBapke, Ha (uiaHLax,
Ha cBapke M Ha (UiaHIaxX, a TaKKe CEKTOPHBIX), KOCBIX CTBIKOB, NEPEXOIHUKOB,
OPTOTOHAIBHBIX TPOWHHKOB M BPE30K 3-X THIIOB (CBApHBIX, CBAPHBIX C HAKJIAJKaAMH,
LITAMIIOBAaHHBIX M INTaMIIOCBapHBIX) W “HEHOPMAJIM30BAHHBIX~ JIMH30BBIX H
cHIb(OHHBIX KOMIICHCATOPOB, COIOCTABJIAIOTCSA C JOIYCKaeMbIMH 3HaueHUsIMH [5].
OmueHka IMKIMYECKOH NMPOYHOCTH (3Tanm 3 CTaTHYECKOTO pacyera) BBIIOJHATCS MO
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(dbopMyliam JIMHEHHOT0 CyMMUPOBAHUS MOBPEXKICHUHN ISl 331aHHOH “‘TeMrepaTypHOn
HCTOpHH~ HArpy>KeHHs TpyOOmpoBoja C Y4YeTOM KOHIIEHTpPAIlMH HANpsDKEHUH B
OTBOJIaX, CThIKaX, IEPeXoax 1 TPOHHHUKaX.

2.15. ACTPA-MAT'HCTP. PacuerHble 3Ha4YeHHS Opg (KOJBIIEBOC
HalpsDKCHWE OT BHYTPEHHETO JaBIICHHS), Ozo (IPOJONBHOE HANpsDKCHHE OT
BHYTPEHHETO JABJIEHHS M IIPOJOJIBHOM CHIIBI), Gipacr; O2pacr (ITIABHBIE HANPSIKEHHS B
PACTSHYTOM 30HE), Gjewy Ozex (IVIABHBIE HANPSIKEHUSA B CIKATOH 30HE), Oop .
(PKBUBAIICHTHOE HAMPSIKEHHE MO0 HEHTPAIBLHON OCH), Oy’ (IKBUBAIEHTHOE
HAIPSIKEHUE B 30HE PACTSKEHHSA), Oy (PKBUBAICHTHOE HANPSIKEHHE B 30HE
ckatus) Ha dtamax 1, 2 u 4 pacdera Ui IPAMBIX TPYO, OTBOAOB, OPTOTOHAIBHBIX
TPOMHHUKOB U BPE30K 3-X TUIOB (CBapHBIX, CBAPHBIX C HAKIAJKaMH, IITAMIIOBAaHHBIX U
HITAMIIOCBApHBIX) W “HEHOPMAJIM30BaHHBIX”  JIMH30BBIX M CHIIB()OHHBIX
KOMITEHCATOPOB COIOCTABJISIFOTCS € JIOMyCKaeMBIMK 3HaueHusimu [7, 8, 9, 10].

2.7.6. ACTPA-CB/] PacuerHble OKBUBAJCHTHBIE HANPSDKCHUS O MU
aMIUIMTYIBl O, OT [aBJCHUS, TMepenajga TeMIepaTyp IO TOJIIMHE CTCHKH,
aBTO(PETUPOBAHUS U BBIYHCIIEMBIX 3HAYMMBIX CHJIOBBIX (haKTOpOB, OINpenessieMble
10 TEOPUH HAHOOJIBIINX KacaTelIbHBIX HANPSDKEHUH Yepe3 KOMIOHEHTHI (HOpMaJIbHbIC
OKPY’KHBIE G, OCEBBIE Gy M pafiaibHbIE G M KacaTeIbHbIE T) ¥ TJIaBHbIE HANPSKEHHSA
O1, O, O3 Ha 3Tane 2 pacdera Uil IPsMBIX TPYO, OTBOJIOB 2-X THUIOB (THYTBIX U3 TPYO
WITH IPYTHX ), COMTOCTABIISIOTCSI C OTyCcKaeMbIMu 3HaYeHusmu [11, 12].

2.7.7. ACTPA-CYJITPOM. PacueTHble TPHBEJICHHbIC HANPSIKCHHUS C g,
Cupts Oup2s O3 M 0%, COTIOCTABIISIEMbIE C IOMYCKAEMBIMH 3HAUCHHAMH, OIPE/ICIAIOTCS
IO TEOpHMH HAaWOONBIIMX  KAacaTeNIbHBIX  HAINpPSHKEHUH 4epe3  KOMIIOHEHTHI,
BBIUMCIsIEMble cornacHo (opmyn [13] mo 3amaHHOMY JaBJICHWIO, BBIYMCIEHHBIM
3HAYMMbBIM BHYTPEHHUM CHJIOBBIM (pakTOpaMm M, KpOME TOTO, MECTHBIM (B TOM YHCIIE,
OCTaTOYHBIM) HANpPSHKEHUSIM B 30HAX CBapKHd M JPYyTUX 30H KpaeBbIX 3(QeKToB.
OmueHka NMKIMYECKOW MPOYHOCTH TIPH HECKOJIBKUX peXuMax paboThl TpyOorpoBoaa
(oram 3 cTaTMYECKOro pacyera) BHIMONHATCS 1O (opmynam JHHEHHOTO
CYMMHPOBAHHS TIOBPEKICHUM.

2.8. B koMIuiekcax peaM30BaHbl JOIOJHHUTEIbHBIE, TI0 CPaBHEHHIO C
HOPMAaTHBHO perjlaMeHTHpoBaHHBIME [1-12], Bo3MoxHOCTH M (WJIM) OOOCHOBaHHO
CKOPPEKTHPOBAHBI HECTPOTHE MM OMIHOOYHBIE (HOPMYJIBI.

2.8.1. ACTPA-ADC. PacuerHbie IpUBEICHHbBIC HAMPSDKEHUS TPyl (6)1, (O)2,
(0)rks (Oap)k (rpymmer 1, 2, 3 m 4) BO BceX pacyeTHBIX CEUYCHHAX Yy4YacTKa
(cyneparemMenTa) W B TPONHHKOBBIX COEIWHEHHAX OMPEHCISAIOTCS IO (QopMyiam
punoxerns 5 Hopwm [1] co crneayromuMu yTOYHEHUSIMHE:

1) mm tpymn (o)1, (0)2 (OaF)k B KauecTBE pPAaCUCTHBIX BBIIAOTCS
MaKCHMaJIbHBIE W3 JBYX HANpsDKEHHMH, TIOIY4aeMbIX OT pa3iIM4YHBIX CHIIOBBIX
(akTOpOB, COOTBETCTBEHHO YMCHBINCHHBIX M yBenumdeHHeix B K, pas (k,>1 —
ko3¢ urment “neperpysku’ [2, 15]);

2) YTOYHEHHBIH pacueT HanpsHKeHU B TPOWHHKOBBIX COEIMHEHMAX
NPOBOJIUTCS COINIaCHO “PyKOBOJCTBY MO pacueTy M KOHCTPYHPOBAHMIO TPOWHHKOB
TEXHOJIOTHYECKHX TpyOompoBomoB” [26] u “PykoBoactBy 1o 0OOCHOBaHHIO
MpoYHOCTH  TpyOompoBogoB ADC” [28], pa3BHBAIOIMX H  YTOYHSIOMINX
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COOTBETCTBYIOIIME ITOJIOKEHUA yTOUYHEeHHON Mmeromuku Hopm [1]. YTouneHHBIH
pacdeT MPOBOJUTCS UIA TEX TPOMHUKOB, PAcCUETHBIE HANPSKEHUS B KOTOPBIX IO
ynpoieHHo# Meroarke Hopm [1] npeBbliaroT gommyckaemble.

B nomosxeHune K monoxeHusM [1] — oleHka repMeTHIHOCTH (PIAHIIEBBIX COCMHCHHIA,
pacyer HalpsDKEHHH U MPOYHOCTH «HEHOPMAIN30BaHHBIX» JIMH30BBIX M CHIb(OHHBIX
KOMIIEHCATOPOB.

2.8.2. ACTPA-T3C. B pomonnenue kK [2] — oOleHKa TepMETHYHOCTH
(aHIEBBIX COEAMHEHWH, pacyeT HanpsHDKEHHH W TPOYHOCTH HEPaBHOIPOXOIHBIX
TPOMHHUKOB, «HEHOPMAIN30BAHHBIX» JTHH30BBIX W CHIb(OHHBIX KOMIIEHCATOPOB.

2.8.3. ACTPA-HE®TEXHM. Bce ¢opMynsl peann3oBaHbl TOYHO, 0e3
OTeYaToK, COAEPIKAIINXCS B IepBoi pexakuu [3].

B momonsenume k [3] — BO3MOKHOCTH pacduera Ha CEHCMHYECKHE BO3ICUCTBHS TI0
METO/MKAM, IPUHATHIM B aTOMHOM M TeIUIOBOM dHepreTuke [1, 2].

2.8.4. ACTPA-TEILUIOCETb. B uensx yHUDHKAIUA COXpaHEHA HyMeparus
9TAINlOB pacyeTa Ha CTATHYECKYI0 M IHMKIUYECKYI0 MPOYHOCTh, NMPUHSATAs B APYIUX
Hopwmax [1-3] 1 oTpacieBbIX KOMITJIEKCaXx.

Koppexktuposka HecTporux Gopmyi [5]:

1) pa3maxu HampspkeHuil (AG) onpeiensoTcs He O OUIMOOYHOW, B 00IeM
ciyyae, ¢opmyine (5.12), a depe3 BHyTpeHHee HaBICHHE U CHJIOBBIE (HaKTOPHI,
COOTBETCTBYIOIINE TIEPEX0/ay TPyOONpoBOJa M3 XOJIOJHOTO COCTOSHUS B pabouee
(aran 3 B repmunonoruu ACTPA-HOBA);

2) nand  “IPOMEXKYTOYHBIX® 3HAUCHUIH aMIUIMTYA  YCJIOBHO-YIPYTHX
HanpsoKeHUi [Gor]i momyckaemoe uucio nmojubix 1ukiioB [N]; onpenensiercst kak min
(10°, [N]), rme [N]; Bommcmsercs mo dopmynam (5.19) (yraepomuctsie u
JIeTHpOBaHHbIC HeaycTeHuTHbIe ctand, 64,5 MIla<[c,:]i<129 MIla) wnu (5.21) mis
aycrenntHbIX craneit (50,0 MITa<[c,¢];<100 MIlIa).

3) dopmyna BBIYMCICHHS CPETHHX OCEBBIX HANpPSDHKEHWH OT BHYTPEHHETO
JTABJICHUS, OCEBOI CHIIBI M M3rHOAroOIIero MoMeHTa (5.27) peannzoBaHa Kak

Oy = Oyp + Gyn + Gym

BBenenue pacuera HampsDKEHHH B KOCBIX CTBIKAX W IEpexonax, a st
MOJ3EMHBIX TPYOOTIPOBOJIOB OECKAHAIBHOM NMPOKIAOKH — M YUeT KOMIEHCHPYIOMINX
TTOJIyIIIEK.

B nomonuenwne k [5] — mpakTHYECKH HEOOXOANMBIE BO3MOKHOCTE pacdyera Ha
celficMHYeCcKne BO3ACHCTBUS, Ha BHOPALMIO M HEYCTAHOBUBINMECS AWHAMHYECKHE
MIPOLIECCHI.

2.8.5. ACTPA-MAT'HCTP. Taxxe coxpaHeHa HyMepalys TalloB pacyeTa Ha
CTaTHYECKYI0 M LUKIMYECKYIO IPOYHOCTh, npuHsTas B npyrux Hopmax [1-3] u
OTpacIIeBBIX KOMILIEKCAX.

PeammsoBana aBtopckast npopaborka CHulla [7], BemosHenHas A.b.
AWHOMHIEPOM B YacTH pPAcUETHOW OIIEHKH INPOYHOCTH NPSAMBIX TPYyO W OTBOMOB.
@DopMyIibl A pacyeTa HalpsbKEHUH B TPOMHUKAX U Bpe3KaX, “HEHOPMAalIU30BaHHbBIX
BOJIHUCTBIX (JIMH30BBIX W CHIBL(POHHBIX) KOMIIEHCATOpaX 3aMMCTBOBaHHI U3 [3, 5] ¢
HEKOTOPBIMH M3MEHEHUSIMH, 00YCIOBICHHBIMH crierdukoit (“Oykeoit”) CHulla [7].
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HOpMaTI/IBHO-MCTOHI/I‘IeCKI/Ie OCHOBBI, UCXOQHbIE JaHHBIC U PE3YJIbTAThI

OOecnieunBarOTCs HOPMATUBHO PETIAMEHTHPOBAHHbBIC BUBI JUHAMHYIECKUX

pacdeToB:

— Ha celicMuyeckue Bo3zaeicteus (. 8.18-8.21, 8.53-8.61);

— Ha BUOPONPOYHOCTH OT ITyJbcanuy AaBieHus (11.8.17, 00BsA304YHbIE TPYOOIPOBOIBI
KC u HIIC);

— Ha JMHAMHUYECKUE BO3ACUCTBHA OT IOPIIHEH M APYTHX OYHUCTHBIX YCTPOMCTB
(.8.17).

2.8.6. ACTPA-CB/]. Taxxe coxpaHeHa HyMepallus 3TallOB pacueTa Ha
CTaTHYECKYI0 W IUKIUYECKYIO IPOYHOCTh, npuHsTas B npyrux Hopmax [1-3] u
OTpacIIeBBIX KOMIUIEKCAX.

PeanuzoBana  Bo3smoxHOCTH  ompefeneHuss HJIC  u  ouleHKH  IPOYHOCTH
MPSIMOJIMHEHHBIX W  KPUBOJIMHEWHBIX aBTO(PPETUPOBAHHBIX TPyOd B  coOcCTaBe
TpyOOIIPOBOAHOW CHCTEMBI C YYETOM JONOJHHUTEIBHBIX (IOMHMO BHYTPEHHETO
JIaBJICHUS M TEMIIEPATypPHOTO Meperaaa o TOIIINHE CTEHKH) HarPy30K.

B npomonuenne k [11, 12] — mpakTuuecku HEOOXOAMMBIE BO3MOMKHOCTH pacuera Ha
celficMUYecKrue BO3ACHCTBUS, Ha BHOPAIMIO M HEYCTAaHOBUBINHECS AWHAMHYECKHE
TIPOIIECCHI.

2.8.7. ACTPA-CY/IIIPOM. PacuerHble NMPHUBEACHHBIC HAMPSHKEHHS TPYIII
6’9, Gupt, Oup2, O, BO BCEX PACUCTHBIX CEUEHHAX yUacTKa (CymepilIeMeHTa) H B
TPOMHUKOBBIX COEAMHEHUsIX ompenessitorcss no Gopmynam [13] co creayrommmu
YTOUHCHUAMMU:

1) 1 BBICOKOTEMIEpATypHBIX TPyOOIpPOBOJOB MpH  ONpeneTIeHUN
JOIMYCKAE€MOI'o  HallpsAKCHUA Hapdaay C IMOpeaciioM IMPOYHOCTU M TEKYUYECCTH
JIOTIOTHATEFHO UCTIONB3YETCS Pe/es ATUTENbHOI IPOYHOCTH, N0 aHaoruy ¢ [1];

2) ckoppekTupoBaHa Gopmyia ompeaenenust koddounuenta fy (m. 5.1.4.3):
WCIIpaBIIeH MIEPBOE ciIaraeMoe B CKOOKax, cTajio 2 BMecTo 1,2;

3) B ¢opMmynax Ans BBIYMCICHHS KOMIIOHEHT HANpsDKeHUH Gy M G, JUIA
ceyeHuss b-b TpoiliHmka B m. 6.3.5 BMecTo Ko3dduuMeHTa mneperpy3ku Ky
mcronb3yercs koodduiment K, ;

2.9. IlpoBepka (IaHIEBBIX COCANHEHHI Ha TEPMETHYHOCTD BBIIIOIHACTCS 110
dopmye (1) Mpunokennst 3 PTM 38.001-94 [3] mo 3amanHoMy paGodeMy JaBICHHIO
1 BBIYHCIICHHBIM CUJIOBBIM (baKTOpaM.

Ha d¢nanneBble coeavHeHus TpyOONpPOBOJOB, KPOME BHYTPEHHErO WM
Hapy>KHOTO [aBJICHHs, MACHCTBYIOT TaKK€ OCeBas M IEPEPe3bIBAIOININE CHIIbI,
1/13r1/16a}0ume u prT}IHJ,l/II‘/II MOMCHTBI, BEJIMYUHBI KOTOPBIX ONPEACTIAIOTCA U3 pacucTa
HarpsHKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUS TpyOorpoBoaa B nenoMm. [Ipu BeIOOpe
HOPMaJIN30BaHHOTO (HJIaHIIEBOTO COEUHEHHs YKa3aHHbIE CHJIOBBIE (paKTOPHI CleayeT
YUUTBHIBATh IIPH OIPEIENICHUH YCIOBHOTO JABJIEHHS, 110 KOTOPOMY BBIOMPAIOTCS
HOpPMaJIM30BaHHbIE (DIaHIIBI:

4 M)

P+ Max| N +——1,0
3.14.G* G
P, ]> Mlla

A

rac:
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M=(mz2+m,2f°,

M M, M3rndaromye MOMEHTHI, JOEHCTBYIOIIME B JBYX B3aHMHO

MIePIEeHANKYJISIPHBIX TIOCKOCTSIX,

N — oceBas cuia, qecTBYIOmast Ha (DIaHIIEBOE COSANHEHHE:

— MIPH PacTsHKEHUH IPUHUMAETCS CO 3HAKOM ILTIOC;

— TIPH CXKaTHH — MUHYC.

G — 3¢ dexTuBHBII AUAMETpP HPOKIIAIKH:

1) IS TIOCKHMX TMPOKIAJIOK MHMPHUHOM <15 MM, a Takke JUIS TPOKIAIOK
OBaJIBHOTO MJIM BOCBMHUIPAHHOTO CEUECHUS — CPEAHUH AUaMeTp MPOKIIaIKY;

2) AJs TUTOCKUX TPOKIIAMOK C Hapy>KHBIM auamerpoM Dy u mmpunoi b>15

X1

MM:
G=D, -3.87\b, MM
Ar — KO3hOUIMEHT, NPUHUMACMBIA U1 pacdyéra TEXHOIOTHICCKUX

Tpy6OMpoBOI0B 110 [3], B OCTATBHBIX CIydYasx paBeH 1,
D, — Hapy>XHBIH THaMeTp MPOKJIAIKH, MM
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3. PacueTHble MogeM TPYGONPOBOIHBIX CHCTEM

3.1. IIpou3BosbHBIII pa3BeTBICHHBIN TPYOONPOBO/, COIAEPIKAILUMA, B 00LIEeM
cilydae, TPOWHUKOBBIE Y3JIbl, 3aMKHYThIE MIETIIH, 3alleMJICHHBIE 1 KOHCOJIbHbIE KOHIIBI,
paccMaTrpHBaeTcsl Kak MPOCTPAaHCTBEHHAs cTepxHeBas cucreMa. CucTtemMa COCTOUT M3
IPOCTPAHCTBEHHBIX HEPA3BETBICHHBIX CymepaneMeHToB (CJ) — “y4acTKOB”, KaXKIblit
13 KOTOPHIX HaOWpaeTcs, B CBOIO O4YepeAb, W3 MPSAMO- W/WIM KPHUBOJIMHEWHBIX
CTEPXKHEBBIX JJEMEHTOB — “oTpe3koB”. CyNepaneMeHTBl COEeIUHSIOTCA B y3Jax
cynepaneMmenTHOi Moaenn (CIOM); y3mamu CIM SBISIOTCA TPOWHUKOBBIC Y3IIBI,
KOHCOJIbHBIE KOHITBI.

Hymepammss BHyTpeHHHMX (He3amemieHHBIX) y3moB COM  mpoBoautcs
IIPOM3BOJIEHO, BCE 3aIIEMJICHHBIE Y3JIbI MMEIOT HOMepa, OOJbIIHE MaKCHMAaJIbHOTO
HOMepa BHYTpeHHero y3na. Hymepanus 351eMeHTOB (OTPe3KOB, CEYEHHH) ITPOBOANUTCS
6e3 “pa3pbIBOB” OT Ha4daJbHOTO y37a K KoHeuHoMy y3my C3. CynepamemeHT
MIOJTHOCTBIO MIACHTH(UIMPYETCS HOMEpPAMH HAYaJIbHOTO M KOHEYHOIO Y3JI0B, a NPH
Haym4ue HeckodabKuxX CO ¢ OAMHAKOBBIMH HOMEpaMHU HauyaJIbHOTO U KOHEYHOTO y3JI0B
— TaKKe ero NMpOrpaMMHO TE€HEpUPYEMBIM IMOPSIKOBBIM HOMEpoM. IS 3aMKHYTBIX
CYIIep3JIeMEHTOB-TIeTeIb HaualbHbIM U KOHEUHBIH y3JIbI COBIAIAOT.

OcHoBHbIe 1eMenTH pacueTHol A CTPA-Mozaenu TpyOOIpOBOAHON CHCTEMEI
MIpeCTaBIICHbI HIDKE B TaOJHUIIE.

N300pakenue
P Onement ACTPA- Omnucanue/
Ne oceBast
3D monenp MOJENIn MpUMeyYaHue
MO/JIENTb
Orpanuyenue
1 3amemJsronias BCEX JINHCUHBIX
' oropa (MepTBasi) U YTJIOBBIX
nepeMereHui
HemnonwxHas
OrpanudeHue
omnopa o
2. . BCEX JIMHCHHBIX
(HEemOABUKHBIN .
TepeMeICHHUH
LIAPHUP)
OrpanunueHnue
Omnopa CKOJIbXCHUS
3. BEPTHKAIBHBIX
/ KaueHus o
TepeMeIIeHIH
Orpanuyenue
4 . Hampagstroniast BEPTUKATIBHBIX
' omopa 1 OOKOBBIX
nepeMereHui
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Hsobpaxerie Onement ACTPA- Onucanue/
Ne oceBast
3D mozerb MOJIENTH pUMeYaHue
MOJENb
OrpannueHue
5. K KecTkas mogsecka | | Po Vo LCHIH
BEPTUKAIBHO
BHU3
IIpyxunnas
MOJBECKA ITonsecka Ha
\§ (OCT, MBH, OJIHOM TATE
“crenrnpyXuHbr"
6. BHUITUOT,
LISEGA,
ITOCTOSTHHOTO [TonBecka,
yCHUIIHs, HMCIoIas B
HIOJIB30BATEA) iy Gosee TAT.
Omnopa ¢ ogHoit
\i TATOM
IIpyxuHHas onopa
7. (OCT,
TIOJIb30BATEIs)
Omnopa ¢ 1ByMs
\i u Oonee Tsiramu
KonkpeTHbIit
BHJI OTIOPBI
N \ Omopa obmiero 3aBHCHUT OT
BHUJa 3aJlaHHBIX
XapaKTEPHCTUK
OIOPBL.
VYyer
OJTHOCTOPOHHHX
. E«K Hecrannmapraas CBs3€H 110
oropa Ppa3IMYHBIM
HaIpaBJICHUSAM
1 3a30pOB.
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N3o06pakeHue

3D monens

oceBasa
MOJCJIb

Onement ACTPA-
MOJEIHN

Onucanue/
pHMEYaHne

10.

AmopTHu3zaTop

Bocnpuanmaer
MONBKO
ouHamuyecKue
Haepy3Ku

11.

Hemmndep

PaccenBaer
SHEPTHIO
KoJIeOaHuIH,
BOCIIPUHUMAET
MONBKO
ounamuyeckue
HazpysKu

12.

IIpsmas Tpyda

3D-monens
oTpakaer
peanbHbIN
JraMeTp TpyObl

13.

OTtBOXT
(Tub, KoJIEeHO)

Brinenstercs ot
cedeHus Hayaa
BCTaBKH OTBOJA
JIO CEYEHHS €0
koH1a. Umeer
cedeHue
cepeanHbI rubda
(BcTammsiercs
IPOrpaMMon
ABTOMATHYCCKH)

14.

Tpolinuk (cBapHO#,
C HaKJIaJKaMH,
[ITaMITIOBaHHBIH,.. )

Brinensiercs
LIBETOM OT y3J]1a
JIO CepeIMHbI
OmyKanIIen
JETaIIi

15.

YIYI A~ /]|

TpoiiHKK Kak
JeTanb (CBapHOH, C
HaKJIQJIKaMH,
IITAMITOBaHHBIN,..)

Brinensiercs
IBETOM OT y3Ja
10 HaYaya
TIPUMBIKAIOIINAX
JeTaneu aeTaiu

Mocksa, 2023
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N3o06pakeHue
P Onement ACTPA- Onucanue/
Ne oceBas
3D mozerb MOJIENTN pUMeYaHue
MOJIeIb
KommgectBo
Komnencartop
. roppoB Ha
16. (JTUH30BBIH,
N n300pakeHH! —
CUIIb()OHHBIH,. . .)
YCIIOBHOE
Pazmep (nnunHa)
Iepexoa(HuK) HU300paKeHUS
17. (KOHIIEHTPHYECKUH, | COOTBETCTBYET
9KCIIEHTPUUECKH ) (axTryeckon
JUIMHE TIepexojia
Pasmep (mmuHa)
HU300paKeHUsI
“Apmarypa” p
COOTBETCTBYET
18. (xmamnaH, BEHTHIIb, .
(axTraeckon
3a/IBUKKA,...)
JUTHHE
apMatypsl
Pa3smepsl
M300pakeHMs
“Apmarypa” P
COOTBETCTBYIOT
C MPHUBOJIOM
19. JUIAHE
(kamaH, BEHTHIIb,
apMarypsl 1
3a/IBIKKA,...)
LEHTPY Macc
IPUBOJA
3amaercs
OneMeHT !
MPUBEACHHBIMU
HEKOJIBL[EBOTO
20. KECTKOCTHBIMU
(TIpOU3BOBHOTO)
XapaKTepPUCTHKA
ceueHus
MU CeueHHS
B nr060m
21. dnanern CEeYEeHHUHU
PSIMOU TPYOBI.
MoxHo
YCTAaHOBHTH
22. Jlame/KpeImka TOJIBKO B
KOHCOJIbHBIX
y3nax
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M3o00paxenue
P Onement ACTPA- Onucanue/
Ne oceBas
3D Mozens MOJCITH npuMedyaHue
MOJEND
OO0ecrieunBaeT
a0bCOIIOTHO
23 “Kecrkuit JKECTKYIO
' a5eMeHT” (BCTaBKa) HEBECOMYIO
CBSI3b MEXIY
CEYEHUSIMU

Hexortopele u3 »TuxX 31eMeHTOB-meTaneid B cocraBe (parmentra ACTPA-
MOJIENTN XapaKTEePHOH MPOCTPAHCTBEHHOH pa3BETBIEHHOH TPyOOIPOBOAHON CHCTEMBI
MOKa3aHbl HIKe Ha puc. 3.1.

Puc. 3.1 Dnementsl TpyOonpoBoa B cocraBe ACTPA-monenu TC (bparmenr)

Mocksa, 2023
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3.2. Ilpy>XuHHBIE NTOJBECKH U PACTSDKKH, KECTKHUE TATH, OIIOPBI CKONIBXEHUS,
MEPTBbIE, HENOJBIDKHBIC, KaTKOBBIE M HAIPABJISIOUIME ONOPbI, NPY>KHHHBIE OIOPBI,
HECTHaJapTHbIE OIOPbI, CEHCMO- U BUOPOaMOPTHU3ATOPbI, JeMII(pepbl MOACTUPYIOTCS
JIUHEHHO-YIIPYTUMH  CBSI3IMH, TIPHJIOKEHHBIMH B COOTBETCTBYIOIIMX y3Jlax H
CEUYCHUSIX CYINEPAIEMEHTOB, JEHCTBYIOIUX B TpeOyeMbIX HaNpaBiIeHUIX (TJI00aTBHBIX
Xy, X, X3 WIM JTOKaNIbHBIX X 1, X/Z, X/3) u o0najaronux 3aJaHHBIMM  U/HUId
BBIYMCIICHHBIMH JKECTKOCTAMH. [ BS3KOyNpyrux aeMmMrndepoB IOMOJIHUTEIHHO
3aMaloTCs JTMHEHHBIE W YTIoBble K0d3(duiments nemmpupoBaHus (BSI3KOCTH) IO
COOTBETCTBYIOIINM HAIPaBICHUSAM OCEH.

PaccmatpuBatoTcst 3GQEKTbl TpeHHsS B OMNOPHBIX KOHCTPYKIMAX (TpeHHe
CKOJBKEHUSI W TpEeHHEe KaueHus 1o Momenn KysnoHa) IpuM CTaTHYECKHX U
TEMIIepaTyPHBIX IEPEMENICHUAX ‘HU3KOTEMIIepaTypHOoro” (B HACTOAIIEH BEPCHH —
“BBICOKOTEMITEpATypHOT0”") TpyGOIPOBOIA.

3.3. JIun3oBble, cHIb()OHHBIE M CATILHUKOBBIE KOMIIEHCATOPHI, apMaTypa |
000py/I0OBaHUE, a TAKXKE CIIOKHBIE OMOPHBIE KOHCTPYKIIMH, BKIFOYAEMbIE B PACUETHYIO
MOJIEJIb TPYOOIPOBOIHON CUCTEMBI, ACAUTUZUPYIOTCSL:

1) cCTepXHEBBIMH DJJIEMEHTaMH, WMEIOUIMMHU 3aJaHHbIe JKECTKOCTHBIC
XapaKTEePUCTHKU PaCTSHKEHHS-COKaThsl, M3rnda, KpydeHWs W CIIBUra, WHEPLUOHHBIE
(MaccoBbIe) XapaKTEPUCTHKH U HATPY3KH;

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

cmamuyeckue pacuemsl (ACTPA-CTAL])

G = GapM + GmmllK'

MX = _Gmmnx.y,

M, = G""".x,

ounamuuecxue pacuemsi (ACTPA-DPOPM, ACTPA-CEHCM, ACTPA-BHFP,

ACTPA-JMH)

Mx,y,z = M + Mmmox,

Ix - Mmmtm_(y2+ ZZ),

Iy - Mmmox_(x2+ ZZ),

Iz - Mmmtm _(XZ + y2),

rIe:

X, Y, Z — 3aJaHHBIC TIOJIb30BATENIEM JI€KapTOBBI KOOPJWHATHI LIEHTPA Macc

“IMITOKA”-MIPUBO/Ia OTHOCUTEIHHO IEHTPATBHOTO CEUYEHHS apMaTypHsl
(ua ocu TpyOHI),
G — 3ajanHbIi Bec apMatypsl (0€3 yueTa Beca “mroka’),

G"™" — 3aaHHbIN BEC “IITOKA” -IIPUBO/A,

M, — TpUBEICHHBIA W3rHOAIOMIMNA MOMEHT OT “‘IITOKa” OTHOCHUTEIEHO
riao0anbHoi ocu X,

M, — mnpuBefeHHbIH W3rHOAIONIMH MOMEHT OT “IUTOKAa” OTHOCHTENBHO

riaobanpHoM ocH Y,
M = G"™"[g — macca apMaTypsl 6e3 “mroka”,
‘= -M IITOKA -IIPUBOJIA,
Mmmm\ GmmﬂK/ acca (13 O a” 0 a
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M,,, — CyMMapHbIE MacCChl, IPHUBEIACHHBIC K IIEHTPAJLHOMY CEUCHHUIO
Y

apMaTypHl,
lyy; — MaccoBble MOMEHTHI HHEPIUM, TPHUBEAEHHBIE K IEHTPAIbHOMY

CEYEHUIO apMaTyphl.

2) cymepasieMeHTaMH C MaTpUIAMHM JKeCTKOCTH, MacCc M Harpysok,
OIIpEJICTICHHBIMH M3 pAacueToOB YMOMSHYTBIX TIIOJICHCTEM METOAOM KOHEYHBIX
2JIEMEHTOB o MIPOCTPAHCTBEHHBIM 000JI04€YHBIM, TPEXMEPHBIM "
KOMOMHHPOBAHHBIM CXEMaM.

3.4. TloBbllIeHHAs CTEpXKHEBas MOJATINBOCTb KPUBOAUHEUHLIX MPYO
(“spexr Kapmana) mporpamMMHO OmpenenseTcs MO0 ACHMITOTHYECKOH METOAHKE
[15, 8] ¢ y4eToM BIHSHHS IPUCOSAUHEHHBIX MPSAMBIX TPYO, BHYTPEHHETO NaBJICHHUS U
IpyTUX (haKTOPOB.

Koa¢durmeHTs MOBBIIIEHHONW TOIATIMBOCTH (TIOHMKEHHON YKECTKOCTH)
MOHKOCMEHHBIX OPMO2OHANBHBIX CEAPHBIX MPOUHUKOG OIpEeneNseTcs Uil Tpex
YIJIOBBIX cTereHeld cBOoOOJbI (IBa M3rHOAIOUIMX M KPYTALIMH MOMEHTBI) COTJIACHO
meroauke PTM 38.001-94 [3] u ASME [16]:

KosdpuuuenTsl NMHEHHON Sy1, Sxo, Sx3 M YITIOBOM Sg, Sp, Sy JKECTKOCTH
wmyyepHuix Y3108 060py0oeanusi (B YaCTHOCTH, W JJIsI POU3BOJILHBIX TPOHHUKOBBIX
COE/IMHEHUIT) MOTYT 3a/1aBaThCsl MOJIb30BATENIEM:

— SBHO, Ha OCHOBE MW3BECTHBIX aHAJIOTOB WM MPEIBAPUTEIHEHOTO
TPEXMEPHOT'O KOHEYHORJICMEHTHOTO aHali3a (pparMeHToB “mTyiep-oodeuaiika’;

— aBTOMAaTH3MPOBAHHO, C MOMOIIBIO CHENHUAAbHOTO “‘KalbKyJIsTOpa’,
peaNn3yIOIIEro MOJ0KEHU U GopMyJIIBl psija HOPMATHBHBIX TOKyMeHTOB [3, 8, 70-72]
(cM. Taroke [Ipunoxenue 4).

3.5. Tloronnass Macca JUHAMHYECKOW CYMEpIIEMEHTHOI Mojein (C y4yeToM
MacChl TETIIOM30JISINH U pabouel Cpesibl) COCPEeIOTauNBAETCSI BO BCEX y3JIax U B PAIC
CEUCHMI  CyNEepaNIEeMEHTOB, BBIOMPAGMBIX W3  YCJIOBHS  MPEICTaBUTEIHHON
anMnpoKCHUMaIMi He00XOIUMOro 4uciia (popM COOCTBEHHBIX M (MJIM) BBIHYKACHHBIX
konebanuii TpydonpoBoaa. Kpome Toro, cocpeoToueHHbIE MacChl PacloyaralTcs B
MecTaX YCTAaHOBKH (LIEHTpPax Macc) MacCHMBHOTO 0OOpY/IOBaHHUS U apMaTyphbl, a TaKkKe
B MecTax JeHCTBUSI JMHAMMYECKHX KHHEMaTH4eCKMX M CHIJIOBBIX Harpysok,
BO30Y’KAAOMINX BUOpanuy (CpeAHUE CEYeHUs] OTBOJIOB, KOCBIE CTBHIKH, EPEXOHUKH,
TPOWHUKH U BPE3KH, OIIOPHI C HEITaT(HOPMEHHBIM KHHEMAaTHUECKUM BO30YXKICHHEM H
Ip.).

3.6. Cucrema NEWCTBYIOIIMX M YYHUTBHIBAEMBIX Harpy30K M BO3JICHCTBHH Ha
CMAHYUOHHbIE, HAO3eMHble U NOO3eMHble 8 KaHAnax (Ha onopax) TPyOOIPOBOIEI
BKJTIOYAET:

— KBa3UCTaTH4YECKOE paBHOMEPHOE BHYTPEHHEE WIIM BHEIIIHEE JIaBJICHHE P;

— KBa3UCTaTHYECKYI0 KyCOYHO-TIOCTOSIHHYIO ITIOTOHHYIO BECOBYIO HarpysKky (s
(mponykT+TpyOa+m30sus ¥, BO3MOXKHO, CHEroBasi W TOJIOJICIHAS) W IOTOHHBIE
Harpy3kd IO JBYM TOPH3OHTAJIBHBIM OCSIM (1, O (BEeTep, CTaTUUECKHH 3KBHBAJICHT
WHEPIUOHHON HATPY3KH);

— KBa3UCTaTHMYECKUN KYCOUYHO-TIOCTOSIHHBIA TOTOHHBIM TEMIEpaTypHBI
MOMEHT, ACHCTBYIOUIMH Ha TOPHU30OHTAIBHBIX y4acTKax Tpy0 C HEpPaBHOMEPHBIM
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HarpeBOM II0 BBICOTE CeuYeHHs (HampuMep, Y4YacTKH CO CTPaTH(UIIMPOBAHHBIM
TEYCHHEM);

— KBa3WCTAaTHYECKHE COCPEIOTOYCHHBIE B y37ax M ceueHmax CD-momenu
CHJIBI 1 MOMEHTHI (MMM MOXXHO MOJEIHPOBATH CTAaTHUECKOE BIHMSHUE 000pYIOBAHHUA,
apMarypsl, OIop, OTOpOLIEHHBIX BeTBEil TpyOOnpoBoaa u ap.).

—  KBa3WUCTAIMOHApHBIA  Tlepemajy  CpegHed  TeMIepaTypsl — CTEHKH
TPyOOIPOBO/Ia MPH MEPEX01e U3 “XO0JOTHOr0” COCTOSIHUA B “padbouee”;

— KBa3WCTAllMOHAPHBIM TMepenaj TeMIeparyp IO TOJIIMHE CTEHKH
TpyOOIpPOBOa B pab0OYEM COCTOSIHUY;

— 3aJaHHBIC BBIHY)KICHHbBIC JIMHCHHBIC M YIJIOBBIC IIEPEMEIICHUS
3alIEMJICHHBIX KOHIIOB (y3]I0B) M CeYeHWi (Kak TpaBWIO, TaK HMUTHPYIOTCS
TEMIEpaTypHbIC  TEPEMEIICHUS  MPUCOCIMHEHHOTO  O0OPYIOBaHUS,  KECTKUX
KOJUICKTOPOB M JIPYTHX CHUCTEM, HE BKIIOUYCHHBIX B PACUCTHYIO MOJICNB), a TaKXKe
MIPOMEKYTOYHBIX OMOP M TOUYCK ITOJABECOK MPYKHIH U JKECTKUX TSIT;

— MOHTaQ)KHas PACTsDKKA B 33/IaHHBIX CCUCHUSX;

— ceficMUYecKHe BO3ICHUCTBYS, 3a/JaBACMbIC B BHJIE THOO TPEXKOMIIOHCHTHBIX
CIEKTPOB YCKOpPEHHH, THOO TPEXKOMITIOHEHTHBIX aKCeleporpaMM MJIsi OTMETOK
KperuieHust TpyOompoBona (“rutardopmenHas” cxema Bo3OyxkaeHus) — ACTPA-
CEHCM (puc. 3.2 u puc.3.3);

— BO30YXJAWIIUE YCTAaHOBHMBIIMECS BHOpAalMUd - TOJUTAPMOHUYCCKUC
CHUIIOBBIC HAarpy3KH, 3a1aBacMbIC B ITPOU3BOIBLHBIX CCUCHUAX B BHJIC HAOOpa aMILIHTYT
(cwn wu JaBIieHUs ), 9acTOT U caBura (a3 Bo3aevicteuit — ACTPA-BUFP;

— BO30YXIarolue TUHAMAYCCKHE HATPy3KH JJIs TMPOU3BOJIBHBIX CCUYCHUM,
3a/laBacMbIc B BHUJIC 3aBUCHMOCTEH COCPEHOTOUYCHHBIX CHI (TIPOCKIIMU WM MOJYJIIh)
win gasieHus ot Bpemenu — ACTPA-/[UH.
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Qaa e+ ++ 8 & B

FABMCHMMOCTE YOKOPEHWA OT HacToThl

—al, mich2
—al, mic™2
— &3, mic™2

YacToTa, My

Puc

. 3.2 TpexKOMITOHEHTHBIH CIIEKTP CEHCMUYIECKIX YCKOPEHHHA

EErpadgwir

Ga e+ | & N E

BE |

S5aBMCHMOCTE WCOKROPEHMA OT BREMeHM

—al,
—af,

—al,

cmfeZ
cmfeZ
cmfoE

WHITTIER MNARRCWS

Puc. 3.3 TpexxoMmnoHeHTHasI akceJieporpaMMa CEHCMUIECKOT0 BO3IEHCTBUS
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i

GRS e+ +9 |5 KB

SABMCHMOCOTE OABJISHMA ©T EpeMaHHM

0 005 041 015 02 025 03 035
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Puc. 3.4 Jlunamuueckoe JaBICHUC
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Puc. 3.5 Ilpoekiuu cocpenoTOYEHHON JMHAMUYECKOMN CHITBI
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= Ipacpnk jglﬂ

GRQes+2 |25 B |

SBABHMCHMMOCTE MO OWVITA COCP@,E(O’T‘OL{SHHOI‘:I CHIJE T BpeMeHM _
W —1FI, xH
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Puc. 3.6 Moayss BeKkTOpa COCPeTOTOUYEHHBIX CHIT

— naBlieHHe aBTO(OPETUPOBAHHMS;

Ha nooseumnvie (beckananvhou npoknaoxku) WM HasemHvle (8 HACLINU)
TPyOONPOBOABI  JIOMOJHUTEIBHO JNCHCTBYIOT  HArpy3KH, 00yCIIOBJICHHBIC
B3aMMOJICHCTBHEM C TPYHTOM (BeC H JaBJICHHEC TpPyHTa, TPEHHE O TPYHT,
TPaHCIOPTHEIC — OT MTOJIBUKHOTO COCTaBa).

3.7. PacueTHas mpOCTPaHCTBEHHASI CTEPIKHEBAs MOJCIb CTPOHUTCS HCXOIS U3
YCIIOBUS NPEACTaBUTEIBHON alMpoOKCUMAIMK pPeaJbHON reoMeTpuu, Harpy3ok u HJIC
TpyOOIIPOBOTHON CHCTEMBI TPH, IO BO3MOXXHOCTH, MHHHMH3AI[UM YHWCIA Y3JIOB,
CYIIEP3JIEMEHTOB, 3JIEMEHTOB U CEUCHUH IIPUBEICHUS Macc.

PacuerHple cedeHHS  CYNEpINEMEHTOB  JOJDKHBI  OTCICKHBAaTH  €ro
NPOCTPAHCTBEHHYIO  KOH(UIypaiuio  (HayalbHble W KOHCUHBIC  CCUYCHUS
KPUBOJIMHEWHBIX DJIEMEHTOB, CEUEHHS NEpernO0B), M3MEHEHUS TI'€OMETPHUECKUX
XapaKTEePUCTHK CEYCHHs (AMAMETPOB, TOJIIWH, MPHOABOK), (HHU3NKO-MEXaHUIECKHUX
CBOWMCTB (Momysst ympyroctd, koddduimenta IlyaccoHa u ap.) W IapaMeTpoB
pacmpesiesICHHbIX Harpy3ok (TIOrOHHas Macca, TeMIlepaTypa, [aBJIeHUE), OBITh
NPUYPOUYCHBI K MECTaM MPUIOKEHUS CBsi3eil (MPYKUHHBIC MOJBECKH U PACTSIKKH,
OIOPHI CKOJBKCHHS, HATPABJISIONINEC W KATKOBBIC OMOPEI, CEHCMO- M BHOPOOIIOPHI,
nemiidepsl), COCPEAOTOUEHHBIX HATPY30K M YCTAHOBKU (DJIAHIEB, K CEUYCHHSM, JUIS
KOTOPBIX BHINIONHSACTCS MOHT@XHAs pacTsHKKAa W/WIH 33JaHBl  BHIHY)KICHHEIC
MepeMeIIeHUs, JOMONHUTEIbHEIC HANPSOHKCHUS, a [UIA MOJ3EMHBIX  YYaCTKOB
TpyOOIpOBOAOB — W K 30HAM HM3MEHEHHsS  XapaKTepUCTHK  H3OILILUH,
KOMIEHCHPYIOIINX MTOIyIIeK U TPyHTa.
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Kpome Toro, BBOAWTCS Takoe KOJMYECTBO PpACUCTHBIX CEYEHHH Ha
“mmuaEEIX” (L>5+10D) mpsMoiIMHEHHBIX SJIeMEHTaX, KOTOPOe MOXKET OOECIeYHTh
YZIOBIETBOPHUTENILHYIO aAMNpPOKCHMAIMIO PACHPEAEICHH U MaKCHMAaJIbHBIX ypPOBHEH
CTaIlMOHAPHBIX M (MJIM) IUHAMHYECKHUX NEPEeMELICHUH 1 HampskeHHH. B gactHOCTH,
JOJDKHO OBITh 3aJaHO N0 KpaiHeil Mepe OJHO CEYCHHUE B CepeluHe KaKI0ro
“IIIMHHOTO” AJIEMEHTA.

JUis  NoA3eMHBIX  y4acTKOB — TpyOOIPOBOAOB  JIOTIOJHHUTENBHBIM (110
YMOJYaHUIO — MPOTPaMMHO pEalIn3yeMbIM) SIBIIETCS TpeOOBaHHE JOCTATOYHO
PaBHOMEPHOTO pAacHOJOKEHHsT CEYEeHWH 10 JUIMHE, uUMes B BHIY JOCTaTOYHO
MmoJpoOHOE M XOPOWIO  BBIYMCIMTEIBHO  OOYCIIOBIEHHOE  MOJEIUPOBAHUE
B3aMIMOJICHCTBHE CHCTEMBl ‘‘Tpy0a-H30ILIUA-TIOAYIIKA ¢ TPYHTOM 3acCBHIIKA H
OCHOBAHWSI.

3.8. BbiOOp ceueHM NPHUBEICHUS MAacc Ui CYNEpIIeMEHTHOW MOJAENH
(momuMo “00s3aTENBPHBIX” — Y3JI0B MOJENN W CEYCHUH MEHCTBHS IWHAMHYECKHX
Harpy30K) OIpenenseTcs u3 MPpHOIMKEHHOTO aHAlN3a “‘TapIHaIbHBIX COOCTBEHHBIX
YacTOT BETBEHl TPYyOONPOBOIHOM CHCTEMBI: KOJIMYECTBO TAKHX CEYEHHH B i-M
CymnepaJieMeHTe JIOJDKHO OBbITh PaBHO:

rze:

L, — MakcHUMaJIbHO JOMYCTUMOE YHCIIO JHHAMHYECKUX CTENeHeil CBOOOIbI
CDM (B naunnoii Bepcuu, L, = 60000),

N — obmree uuncio y3inos COM,

| — yucno cynepaneMeHToB,

@ im — TPUOINIKCHHAs HU3IIAs COOCTBEHHAs YaCTOTa i-ro CyNepalieMeHTa
Opy NPEUMYLISCTBEHHOM INepeMmenieHnd mo ocu X, (M=1,2,3),
KOTOpast OTIPE/IEISIeTCs KaK:

3mecs:
lim — “mpuBeneHHas” U3rUOHAs [UTHHA CYNIEPIIEMEHTa,
M — moroHHas Macca TpyOBbl,
M, — cocpejoToueHHAs Macca.
Ecimm nj << 1, To Macca He pa3MeInaeTcss Ha JaHHOM cymepanemente. Eciu

n;€(0,5; 1), To BBOAUTCS OJJHO CEYEHHE C MACCOH (3a CUET CyMepaIIEeMEHTOB, re N; >>
1).
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3.9. /Ins moazeMHbIX TPYOOIIPOBOIOB OeCKaHANBHON MPOKIAAKH (TEIIOCETH),
MOJ3EMHBIX M HAa3eMHBIX (B HACBINM) MAaruCTPaJbHBIX TPYOOIPOBOAOB H3OJIALIUS,
KOMIICHCUDYIOLIME TMOAYMIKA (Ipd MX HAIUYUM) W TPYHT MOACIHUPYIOTCS
pacripefiesIeHHBIMH 0 JUIMHE OIOPaMH, JKECTKOCTb KOTOPBHIX (K03((dUIMEHTHI
NIOCTEJ M) HEJMHEHHO 3aBHCUT OT BEJMYMHBI M HalpaBlieHHs repemenieHuid [35, 48,
51]. Ilpm >TOM ceTKa BBIHYXAEGHHO CTYIIaeTCs [0 CIEAYIONIMX XapaKTepHBIX
paccTosHUN MEXIy ceueHHusMH (¢ “TpyHTOBBIMHU TceBmoomopamu’). (2—4) D — Ha
npsMonuHeiHbIX ydactkax, (0,2-1,0) D — B 30HaxX OTBOIOB, KOCBIX CTBIKOB,
TPOWHHUKOB, OTIOP ¥ BEIXOAOB U3 TPYHTA.

3.10. B moacucreme yTOYHEHHOTO pacyeTa TEMIIEPAaTyPHOTO U HAIPSHKEHHO-
ne(OpMHPOBAaHHOTO COCTOSHUH, OLEHKH IPOYHOCTH JeTanedl TpyOOoIpoBOIOB
(ACTPA-CTA/JTHO) peanm3oBaHa aBTOMATHUYECKass TEHEPAIMS ONTHMAJBHBIX IO
TOYHOCTH TPOCTPAHCTBEHHO-OOONOYEUYHBIX (IUII TOHKO- H  “‘CPEIHECTeHHBIX
JJIEMEHTOB) M OOBEMHBIX (I CpemHe- W TOJICTOCTCHHBIX JETaled W CHUCTEMBI
“TpyOONPOBOI-U30IISIHS-TPYHT ) PACUETHBIX KOHEYHOIIEMEHTHBIX MOJIEIIEH.

OCHOBHBIE peaM30BaHHbIC THIIOTE3bl: M30TPOINUS W JIMHEHHAs YIPYrocTh
Mertawia (pu3ndeckas JIMHEHHOCTh) M MalloCTh  JedopManuii-iepeMereH i
(reomerpuyeckas JMHEWHOCTH). [ rpyHTa (Toa3eMHBIE TPYyOOIPOBOABI) NPHHSTA
¢u3MueckH  HENHMHEHHas  peoyNorMueckas  MOZAENb  JHEPreTHYecKOro  THUIla,
3apeKOMEeH/0BaBIIas ce0sl MPH YHUCICHHOM MOJICIIMPOBAHUM TPEXMEPHBIX CHUCTEM
“ocHoBaHHue-coopyxenue” [10].
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4. BoluHCIAUTEIbHBIE AJITOPUTMBI

41. B wmonyne ACTPA-JETAJIb peamuzoBansl HOopMaTuBHble [1-12]
ITOPUTMBI pacyeTa Mo BHIOOPY OCHOBHBIX Pa3MepoB JeTalleil TpyOonpoBoa, B ABYX
BapHaHTax:

1) pacy€T MUHUMAJIBLHON TONIIMHBI CTEHKU JeTajed MO0 Hapy>KHOMY
muamerpy D, — pacuér MMHMMaNbHOM TOJIIMHBI CTEHKU JeTajeld TpyOompoBona,
HCXOAd W3 3aJaHHBIX [OJb30BaTeleM pacu€THBIX mnapaMmeTpoB; Ilpu a3ToMm
HEIOCPEJCTBEHHO  OINpPEJENAIOTCS HOMMHAIBHBIE TOJIIMHBI CTEHOK JieTajeil
TpyOONPOBOJA W IUIOMAAN CEUCHHS IOMOJHHUTEIBHBIX YKPEIUIIONHNX 3JICMEHTOB
TPOWHUKOBBIX COEIMHEHUH.

2) BBIOOp neTaneil ¢ MHUHUMAIBHOW TONIIWHOW CTCHKH W3 COPTAMEHTa II0
ycinoBHoMy nmamerpy Dy. B 5TOM ciydae mo copramMeHTy BBIOMpAaroTCa OETald ¢
MTOIXOMSIIUM YCIOBHBIM JHAMETPOM, ONpeAessieTcs WX HapyXKHBIN auameTp. 3aTeM,
JUTA KaXKJIOTO HAPYKHOTO THaMeTpa BRIYHUCIAETCA Tpebyemas HOMHUHAIbHAS TOJIIMHA
CTEHKM ¥ CpaBHUBAeTCS C TOJIIMHOW CTEHKH COOTBETCTBYIOIIMX JeTaled wu3
COpTaMEeHTa, IOCJe 4Yero BHIOMpaeTcs MAeTallb C MHHUMAJIBHO BO3MOXKHOW IUIs
BBIUUCIIEHHOTO THaMeTpa TOJIIHUHON CTEHKH.

4.2. B monynax ACTPA-CTAIl, -@OPM, -CEHCM, -BHFP u -JJHH
peayiu3oBaH AJITOPUTM pacueTa IPOU3BOJBHBIX PA3BETBICHHBIX U TPOTSKEHHBIX
TpyOOIIPOBOAHBIX cHCTeM (ONpelesieHHe TEepEeMENICHU, Harpy3oK Ha OIOphl H
YCWINH B CEUCHMAX) KaK JIMHEHHO-yNPYTMX NPOCTPAHCTBEHHBIX MHOTOKPATHO
CTaTUYECKH HEONPEAETHMBIX CTEPKHEBBIX cucTeM, n3nokeHHsi B PTM 108.020.01-
75 [15] (cm. Takke TIpumoxenue 2) ¥ MOIEPHU3HPOBAHHBIHN JIJISL:

1) TOBBIMIEHUSI TOYHOCTH W BBIYUCIUTEIBHON 3(PPEKTHBHOCTH ISl CHIIBHO
Pa3BETBICHHBIX, MPOTSHKEHHBIX M (MIJIM) KOHTPACTHBIX I10 JKECTKOCTH CHCTEM;

2) ydera HAarpy3oK M OIOp HE TOJNBKO B CEYEHHUSIX CYNEpPdJICMEHTOB
(Y4acTKOB), HO U B y3J1aX COCTUHEHUSI CYNIEPITIEMEHTOB;

3) yuera TIOBBIIEHHOW OOOJOYEYHOH TMOAATIWBOCTH TPOHHUKOBBIX
COE/IMHEHUH U BPE30K TPYOOIPOBOJIOB B 000PYJOBaHNE;

4) ydera CTEpKHEBBIX 3JIEMEHTOB IPOU3BOJIBHOTO (HEKOJIBLEBOI0) CEYCHHS
JUISL MOJICIIMPOBAHUS CIIOKHBIX OIOPHBIX KOHCTPYKIMH M 0OOpYIOBaHUSI B COCTaBe
TpyOOIIPOBOAHBIX CHCTEM;

5) ydera TpeHHS CKOJBXEHHUS M KauyeHHs B OIOPHBIX KOHCTPYKIHSX,
BO3MOXKHOTO OTpBIBa TPYOONPOBOJIOB OT HHMX (JUIS OZHOCTOPOHHUX II0 BEPTHKAJIH
0TI0p), OTIOP C 3a30paMH;

6) ydera COBMECTHOW HETWHEWHOW pPa0OTBI CHCTEMBI ‘‘TpyOa-H30IAUS-TPYHT
MTOJI3€MHBIX TPYOOTIPOBOAOB OECKaHAIBHON MPOKIAIKU (TEIUIOCETH), TMOA3EMHBIX H
Ha3eMHBIX (B HACHININ) MarUCTPaIbHBIX TPYOOIIPOBOIOB,;

7) pacueta COOCTBEHHBIX YaCTOT M (OPM KOJICOAHMIA;

8) pacuera Ha ceiicMuuecKie, BUOpAIIMOHHbBIE U TUHAMHUYECKHUE BO3JICHCTBUS;

9) dopmupoBaHHMs M y4yera T.H. MaTPUYHBIX CYNEPAJIEMEHTOB (peaylMpOBaHHBIX
MaTpHII )KECTKOCTU, Macc U Harpy3ok — Kpeiira-bemnrona).

AJTOpPHUTM COYETAET CYNEPIEMEHTHBIA MMOJX0J METO/a IepeMeIeHni (cM.
n. 4.13) c wmeromamMM HayalbHBIX IIAPaMETPOB M TPOTOHKH (U KaXKIoro
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HEpa3BETBICHHOTO CYIEPIJIEMEHTa), PEAIU3yeT CIEKTPAIbHBIM MOAXO0. (pa3loxKEeHUE
[0 3HaYMMBIM COOCTBEHHBIM (opMaM KoJIeOaHMH, ONIpeAeNseMbIM M3 DEILCHUS
YaCTHMYHOM MPOOJIEeMBbl COOCTBEHHBIX 3HAYEHWil) M MPsIMbIE METOJbl JUHAMHYECKOTO
aHaiM3a, UCMOJb3yeT 3((EKTHBHBIE IIArOBO-UTEPALMOHHBIE NPOLENYPHl pPElICHHs
HEJMHEUHBIX 3aJa4.

3HaunTeNbHAS YACTh PEATM30BAHHBIX YHCIICHHBIX METOJOB, CXeM W
MIPOTpaMM IIOJTHOCTHIO MM C HEOOXOAMMBIMH MOIM(UKAIMAMH 3aUMCTBOBAaHA W3
“MaTepUHCKOr0” yHUBEPCAJIHHOTO KOHEYHO- U CYIEPIIIEMEHTHOTO KOMILIEKCa
nporpamm CTA/JHO [74], ¢ OMOLIBI0 KOTOPOTO pEUIeHBl pa3HOOOpasHEIE, B TOM
YHCIIe TII0X0 00yCIOBICHHBIE CTATHYECKUE U TMHAMHYECKHE 3a/1a9H “‘CBEpX O0IIBIION
pa3sMEpHOCTH JUIS TIPOCTPAHCTBEHHBIX CHCTEM, CYIIECTBEHHO O0Jiee CIIO0KHBIX
(TUTHO-000JI0Y€YHO-CTEPKHEBEIX, TPEXMEPHBIX H KOMOWHUPOBAHHBIX), YeM
TpyOOIPOBOAHBIE (CTEPIKHEBBIE).

4.3. Tlpenycmotpen pexum cratudeckoro pacuera (ACTPA-CTAL]) c
ABTOMAaTHYECKUM BBIOOPOM XapakTepHCTUK NpyxkuH copTameHTtoB OCT, MBH u
“ceunpyxun” BHUITNOT, npoBOANMBIM UTEPAIMOHHBIM ITyT€M B COOTBETCTBHU C
pekomermanusimu PTM 24.038.12-72 [17], u npyxun LISEGA [33]. Cxoaumocts
nporecca (Kak MpaBuilo, 3a7aeTcss KpUTepuii He 6osee ueM 35%-T0 oTan4ust Harpy3oK
Ha MPYXUHBI B “paboueM” M “XOJIOJHOM” COCTOSIHHSIX) IOCTHIaeTCs B OOJBIIMHCTBE
ciydaeB 3a 2-4 uTepaiuu.

IIpu ompeneneHNH XapaKTEPUCTHK “‘CHELMANBHBIX’ MPYKUH YYUTBIBAIOTCS
TaKKe YJUIMHEHUS TSAT W W3MECHEHHE TEPMOMEXAaHMYECKHX XapaKTEPUCTHK MpPY>KUH
TIpY Harpese.

Taxke peamu3oBaH yd4eT T.H. “TPYKHH IOCTOSHHOTO  yCHIHSA
o0ecrieunBaOIINX 3aJaHHBIE HArpy3Kd Ha TpyOOmpoBon (TPYXKWHY) Ui BCEX
3HAYMMbIX PEKUMOB-ITANlOB OJKCIUTyaTallud, BKJIIOYas paboduee, XOJOAHOE W
UCIIBITAaHUH (TMIPU HE3aKJITMHEHHBIX MPYKUHAX).

IIpenycMoTpeHa BO3MOKHOCTh y4€Ta HAKJIOHA TAr NPY>KUHHBIX IOJBECOK
(ynpyrux omop) M KEeCTKHX MOJBECOK (TAr), BOSHMKAIOIIETO NPU TEMIICpaTypHBIX
NepeMeIeHusIX TpyOOopoBo/ia; Il ATOTO JOJDKHBI 33]aBaThCs paboyue JUIMHBI TST
TIO/IBECOK.

4.4. TpeHue CKONbXEHUs H(WIM) KauyeHHUS B OMOPHBIX KOHCTPYKIMAX
YUUTHIBaeTCI B paMKax Mozenn KynoHa 1o JIBYM ajbT€pPHAaTHBHBIM METOAWKAM
(ACTPA-CTAL]).

IMo meroauke HIIO IKTH [82] TpeHHe yuMTHIBAE€TCS NMPU MEPEXOIE W3
pabodero cocrosHus B xojomHoe (3tam 3). B pabGouem cocrosHME TpyOOmpoBOda
(aram 2) K [AEHCTBYIOIIMM KBa3WCTAIlMOHAPHBIM Harpy3kam (BeC, IaBIICHHE,
TeMIepaTypa 1 1Ip.) J00aBIAIOTCS CHIIBI TPEHHSA, ONIpee/IeHHbIe Ha 3Tame 3.

ITo meronuke unctutyta “THnpokayuyk” [85] TpeHue yduThIBaeTCs MpH
JIeWCTBHU Ha TPYyOOIPOBOJ BCEX HArpyKaromux (akTopoB OTIAEIbHO B paboueM (3tam
2) n xonoxauoM (3tan 4) cocrosiHusAX. [lepexon u3 paboyero COCTOSHUS B XOJIOAHOE
(pa3maxu nepeMenieHnid U HanpsHDKEHHH, oTan 3) onpenessieTcsl Kak pasHula MexIy
OJHOMMEHHBIMHU (pakTOpaMu 3T1aroB 2 U 4.

B o0enx Meroamkax TpeHHE MOJAEIHPYETCS AKBHBAJICHTHBIMU YIPYTHMH
CBSI35IMH, JKECTKOCTh KOTOPBIX BBIYMCIIICTCS B MTEPAIMOHHOM Iponecce. Kpurepuem
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CXOAMMOCTH TPHHATO pABEHCTBO (C OTHOCUTENBHON TouHOcThi0 a0 0.1%)
MIPOM3BEICHUSI YIOMSHYTOM JKECTKOCTM Ha COOTBETCTBYIOILYIO KOMIIOHEHTY
nepeMeIeH!H cuiie TPeHUs, T.€. IPOU3BEICHUIO BRIYUCIAEMON HOPMAIBbHON peaKkiun
Ha 3a[IaHHbIH Kod(duiment tpenus fi.

Jns  yckopeHMS CXOOUMOCTH TIPEIyCMOTPEH pSAA  BBIYMCIMTENBHBIX
MpoLleZlyp, B YACTHOCTH, aJalTHBHAs WTepallMOHHas cxema (YHCIIO WTepalui
KoJIeOJIeTCs, Kak mpaBmiio, B mHTepBane 10+20 mis “mpocThix” TpyOONPOBOIOB C
MaJIbIM 9HCIOM Takux omop a0 50+200 i CIIOKHBIX CHCTEM C OOJIBIIUM YHCIOM
OIIOp TPEHHUS).

VYuer TpeHHWs Ha 93Tare HUCHBITaHWH (NIPU 3aKIMHEHHBIX W PaCIyIIeHHBIX
MPYXKHUHAX) peann3yeTcs Mo MeToauKe HHCTUTYTa “T'umpokayuyk” [85].

Ilo anamormyHOW WTEPAlMOHHON MPOLEAYpPE YUHUTHIBACTCS BO3MOJKHBIH
OTPBIB TPyOONpPOBOJA OT OAHOCTOPOHHUX ONOpP (Ha COOTBETCTBYIOIIMX JTarax
BEPTHKAIbHAS )KECTKOCTh TAKMX OIMOpP MPOTPAMMHO OOHYJISETCS).

CoueTanne [ABYX HTEPAlMOHHBIX IPOIECCOB JUIA OIXHOCTOPOHHUX OIOP
TPEHH MOXKET CYNIECTBEHHO YBEIMYUTh 4YHCIO HTEpallid, a AT HEKOTOPBIX
HEpAaIMOHAIBHBIX PACCTAHOBOK (C HWHXKCHEPHOW TOYKHM 3PEHHs) JaXke ClHenaTh
HEBO3MOXKHOM CXOANMOCTH C 3aJaHHOM TOYHOCTBIO.

4.5. “YcnoBHBIE” KECTKOCTH MPYKUHHBIX NMOJABECOK (Ha 3Tame 1 pacuera c
BBIOOPOM TIPYXHH), J>KECTKOCTH “abCONIOTHO” IKECTKHX OMOPHBIX KOHCTPYKIIHIA,
MIPY>KUHHBIX OTOP M JKECTKHUX MOABECOK (TAT) BBIYUCISIOTCS aBTOMATHYECKH, UCXOMS
U3 2-X KpUTEPHUEB:

1) obecrnedyenne ucye3aolle MalblX IEPEeMENICHHH 110 HarpaBJIeHUsIM
YCTaHOBKH OIIOD;

2) TpenoTBpalleHHE YPE3MEPHBIX “KOHTPAcTOB” B JKECTKOCTSX, BEOYIMIHX K
YXYIICHNIO BBIYUCIUTENBEHON 00yCIOBICHHOCTH CUCTEMBI.

B cooTtBercTBMM € 3TUMH KPUTEPHUSMH M C  BBIYUCIUTEIBHBIMH

9KCTIIEPUMEHTAaMH BETMYNHA JKECTKOCTH ONPEEISAECTCS B IPOrpaMMax Kak:

3
D D
10* max{| — | sE,—sE
| I
rae.

E —Momynp yripyroctu Marepuaia TpyO#H!,

D —napyxHBIi tnameTp TpyOHI,

S — TOJIIIMHA CTEHKH TPYOHI,

1=0,5(l;.1+l;) —xapakrepHas mHHa ocH,

li1, i — AaMHEBI TIPONIETOB (PACCTOSHUS JO COCEMHHX OIOp) C ONHOM W C

JIpYroil CTOPOHBI OT AAHHOM OIOPHI.

4.6. PemieHue pe3ynbTHUPYIONIEH anreOpandeckoil CHCTEMbl YpaBHEHHil
PaBHOBECHSI CYTIEPIJIEMEHTHOW MOJIeTH (OIpeieIeHNEe BEKTOpa MEPEMEILICHNUIT B y31ax
{U }) npoBoautcs it cratndeckux 3anad (ACTPA-CTAL]) w nipu onpenesieHnn
marpul, noxatiuBoctu (ACTPA-@OPM, cm.n.4.7) 1o cxemMe KBaJpaTHOTO KOpPHs
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(Xomenkoro) ¢ y4YeToM TIIOJIOKUTENBHONH OIPENeIEHHOCTH, CHMMETPUYHOCTH,

OJIOYHOCTH U Pa3PEIKEHHOCTH MATPHIIBI )KECTKOCTU [K ]:

LT[
)= {F}

“iz),

rie {F} — BEKTOp Harpy3ok cucrteMbl. KoaQQuuueHTsl MaTpuisl [K] "

[ S—

K]

[L]

—
—

—_
cg

——

TPEYroNbHOH MaTpHIBI-haKTopa [L] BBIUHCIIAIOTCSI C JBOWHOH TOYHOCTBIO.

[IpexycMoTpeH peXuM aHadM3a TOYHOCTH TONYYEHHOI'O pEIIeHHUS M ero
HTEPalMOHHOTO YTOUHEHMUS.

4.7. 3HaunMBle COOCTBEHHBIE YacCTOTHI @ (B 3aJaBacMOM [HAIla30HE
JUHAMHYECKOTO BO3IECHCTBHSA 2; < o < £, nnm 3aganHoe konmdectBo Kl Hu3mmx) u
cootBercTByfome UM Gopmel {p}; KogeOaHMil pacyeTHOW MMHAMHUYECKONW MOJIEITH
OTIPENIeIIAIOTCS U3 PEeIIeHUs YaCTHON (YacTUYHON) JIMHEHHOH anreOpandecKkoit 3amadn
0 COOCTBCHHBIX 3HAUCHHSAX:

[@]=[e’ - 6" [AIM] ]

rae [P1=[{o}i {0}i+1, {¢}j+ki-1.]- MaTpuna KI 3HaunMBIX cOOCTBEHHBIX GOPM,
2 _ (2 2 .
0° =\Q; +Q; J2 - samasaemplii cBUr cniekTpa, — MaTpULA MOJATIMBOCTH JUIA

JMHAMMYECKHX CTerneHei cBo6omasl, [M] — MaTpuia Macc (IMHAMHYECKHUX CTEIEHEH
CBO0OOIBI).

Pemenne uyacTHOW mpoONEeMBl COOCTBEHHBIX 3HA4YEHHH IPOBOAWUTCS B
nporpamme ACTPA-@OPM (pe3ynbTarhl HCIONB3ylOTCS mnporpammamu ACTPA-
CEHCM, ACTPA-BHEP u ACTPA-/JHH nupu pacuéTax METOIOM PaslOXKEHHs TI0
coOcTBeHHBIM  (opMaM) 3(GGeKTHBHBIM  O104HBIM  MeTofoM Jlanmoma  [45],
MO3BOJISIIOIINM  OTIPENIENIITh BCE 4acTOThl M (popMbl KoJeOaHWI ITPOM3BOIBHBIX
Pa3BEeTBICHHBIX W TPOTSDKEHHBIX CHCTEM (B YAacTHOCTH, KpaTHbIE W OJM3KHE K
KpaTHBIM).

Marpuua sxectkoctu cucteMbl [K] MOXeT yuuThIBaTh XapaKTepPUCTHKU OLIOP
B 2-X BapHaHTaXx:

1) xecTKOCTH O8ycmoponnux onop 6e3 mpenus (GOopMaIBLHO CTPOTHid
TOAXO0/1, OTBEUAIOLTUH OTPaHUICHHSM CIIEKTPATbHON JMHAMUYECKON METOIHKH );

2) IKECTKOCTH OOHOCMOPOHHUX ONOp C MpeHueM, ONpPEAEIeHHbIE H3
cratuueckoro pacuera (ACTPA-CTAL]) — OpUTHHANBHBIA HH)XCHEPHBIH MpHEM
asTopos I1K.

4.8. Pacyer nmHeHHO-ympyroro TpyOompoBoja Ha  CeHCMHYecKHue
BO3/ICHCTBUS, 3aJaHHBIE TPEXKOMIIOHEHTHBIMU CIIEKTpaMH oOTBeTa (yCKOpEHHH)
{a(w)}123, mpoBomurcs mo  “‘nmuHEHHO-cnekTpanbHOMy — metomy”  (JICM)
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pearn30BaHHOMY B porpaMme ACTPA-CEHCM B CIIeqyIomIeH
[IOCIIeIOBATEILHOCTH.

4.8.1. Jlns kaxnoit i-it yunteiBaemoi coOcTBeHHON (Gopmbl Konebanuii {¢;}
(i=1,2, .. , KI) omnpenmensiercs MakcHMaibHas ceificMudecKas Harpy3ka Ha
TpyOOMIpPOBOT

o oM@ )
) =i, 2 SEe el

rIe: COS(Q, )_() — BEKTOP HAIPaBJISIONIUX KOCHHYCOB CECMHYECKOTro
BO3JICHCTBUS,

a(w;) — BenmumHa (OpAKWHATA) CIIEKTPA OTBETA ISl COOCTBEHHON YacTOTHI ;.

B o01iem ciydae 3aaHus TpeX CIEKTPOB 0TBeTa a1(w), ax(®), az(w) mo tpem
B3alMMHO IIEPIICHIUKYJIIPHBIM HAIIPABJICHUSAM

ol MY feos(a, 1)} 3, (o)
{S}i :[M ]{(/’}i - _

N

4.8.2. Jlnst Kaxmoi i-ii yYuTBIBAEMON COOCTBEHHOU (OPMBI OIPEAECIAOTCS
ceticmuueckue nepemenienust {Us} u BHyTpennune cumossie daktopsl {Ng}i Bo BCcex
pacyYeTHBIX CEYEHHUSX, HATPY3KH Ha Omopbl u obopymosanue {Ps} OT CTaTUYECKOro
TPIIOXKEHHUS ceicMuaecknx Harpy3ok {S} (1m.4.8.1).

4.8.3. OnpenensoTcsi pacyeTHhIC BEIHYHMHBI CEHCMHUYCCKUX IEePEMEIICHUI

{U }, BHyTperHux yeumuii \N ( 1 Harpy3ox Ha onopst u oGopyosanue P

S S
Kl 172

a uepe3 BHYTPCHHUE YCUIIMS {N s } — TpHUBE/ICHHBIE CeliCMUYecKue HanpsukeHust {os}

BO BCEX 3JIEMEHTax (CeYeHHUsIX) TpyOOIpoBoIa.

4.8.4. CeiicMuuecKkie YCKOpEHHsS [UIsi BCEX CEUYCHHI pacrojioKeHHs
OUHAMUYECKHX CTETNeHel cBOOOABI (B TOM 4YHCIE, W A CEYCHHWH apMaTyphl)
OIIPEJICTSIIOTCS. B paMKax JIMHEHHO-CIEKTPaJbHOI'O pacuera Mo  Clieayrouien
BBIYUCIIUTEIBHOU MPOIIEAYPE.
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a) U1 KaXIOH i-H yuuThIBaeMO# COOCTBEHHOI (OpMBbI KoJeOaHHi {go}i

(i=1,2, ..., KI) onpenensitoTcss MakKCUMAaTbHBIE CEHCMHUYIECKHE YCKOPEHHUS B CCUCHUSX C
JMHAMHYECKAMHU CTENEHIMHU cB0OObI [12-20]

{phIMT3 foos(ay. x)} 2, (@)

W=l Tl

rae COS(H, X) — BEKTOp HaIpaBJSIIOMIUX KOCHHYCOB CEMCMHUYECKOTO

BO3JCHCTBHA,

a(a)i ) — BelMYMHA (OpAWHATA) CHEKTpa OTBETa JJISl COOCTBEHHON YaCTOTHI

;.

I
0) ompenensFOTCA  “UTOTOBBIC” pPAacUYEeTHBIC BEIMYMHBI CEUCMHYECKUX

yCKOpeHHit {AS }

i
1/2

Kl
A= DAAK
S s Ji

i=1
4.85. JlomomHuTeNnbHBIE,  pErjJaMEHTUPOBAHHBIE  HOBOM  pelakuuei
HOPMAaTHUBHBIX JIOKyMEHTOB BO3MOXHOCTH CEHCMHMYECKOro pacdyera — yueT
“IOTEepsIHHON” MacChl 10 BBICIIMM COOCTBEHHBIM (popMaM, COOTBETCTBYIOLINM

gactoTaM Beime 33 ',

AnropuT™, peaau30BaHHBIA B aKTyaJlbHOM IporpaMMHoM monyine ACTPA-
CEHICM, cBommTCsl K ONpENENeHHIO IOTONHUTENBHOM KBA3HCTATHUECKOH HATPY3KH

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

| )= Ml (),

Aoy _ (v 108 M Jleos(a, x)}
{77 }_{I} ;{U}i’ {77}i {¢}| {CD}T [I\/I ]{§D}i

U BBI3BAaHHBIX €10 NEPEMELICHUN, HAarpy30K Ha OINOpbI, YCWIMH M HalpsDKEHUHA B
CEUEHHX U JIeMEeHTax TpyOomposoaa [23].

4.8.6. Tpu pacueTHble KOMIIOHEHTHI CIIEKTpa YCKOPEHHUH @; MOTYT OBITh He
TONBKO  SIBHO  3aJaHBl  IOJb30BaTeneM (WM  BBHIOpaHBl UM H3  0asbl
CEHCMOBO3ICUCTBUI), HO H ONPENEICHbl MO 3aJaHHOW TPEXKOMIIOHEHTHOM
aKceJIeporpaMmMe 4YUCJICHHBIM HWHTCIPUPOBAHUEM I10 BPEMCHU (C HUCIIOJIb30BAHUEM
0€3yCJIOBHO YCTOHYMBOM pPA3HOCTHOW CXEMbI) YPaBHECHHH KOJCOAaHUI JIMHEHHBIX
OCIIMJIIATOPOB C MPEICTaBUTEIbHBIM HAOOpOM cobcTBeHHBIX yacToT ax (K = 1,2,...)
mpu ypoBHe paeMndupoBanuss ¢ = CONSt (O yMOJYaHWIO, B COOTBETCTBHU C
HOPMATUBHBIMH TIOJIOKEHHUAMH JUIsl TpyOonpoBoos, & = 0,02):

koneGanmii (f;> ® =3 3l'n):
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U (t)+ 260, 4, (t)"' @, (t) =0 (t)
q; (a)k ) =max,, {uu (t)+ d; (t)}
G;(t) - i-1 xomnonenTa akceneporpaMmsL.

4.9. JluHamudeckuil pacdeT TpyOOIPOBOJOB C JIMHEHHO-YIIPYTUMH CBA3SIMH
mo “rmaTgopMeHHON cxeme” Ha ceficMHYecKue BO3IEHCTBUS, 3aJJaHHBIC OTBETHBIMH
akceneporpammamu {a(t)}123, Bemommsercs B mMomxyne ACTPA-CEHCM mo nBym
QITOPUTMaM: CHEKTPAJIbHBIM METOZOM C Pa3JIOKCHHEM MO COOCTBEHHBIM (hopmam
KoJIeOaHMH WM METOJOM IIPSIMOTO HHTETPUPOBAHUS YPAaBHEHUM ABHKEHUS IO
HEABHOM pa3HocTHOM cxeme Hpromapka.

49.1. Ilpm pacuére CHEKTPaJIbHBIM METOJOM C pa3lIOKEHUEM IO
COOCTBeHHBIM (opMaM KoyiecOaHuii 1Mo cxemaM JlroaMens WIM IEHTPaIbHBIX
pasHocteil (mo BBIOOpY monb3oBatens) [34] wuHTerpupyercs mo BpemeHu Kl
ypaBHEHUIA IBIDKCHUS B “HOpMaJIbHBIX KoopauHaTax” Zi(t):

V-2 2,000)

o} [MJia(t);
lofi Mo}

Z; (t)+2‘§i0)izi (t)+a)izzi (t)=

rue: i=1,2,..., Kl,

{a(t)}— Bekrop 3amaHHBIX (B O0OmIeM ciy4ae — TpeX) KOMIIOHCHT
aKceneporpamm,

& — xoaddummeHt nemnupoBaHUS B JONSAX OT KPUTHYECKOTro (TIpH

OTCYTCTBUH SKCIICPUMEHTAJBbHBIX JaHHBIX npuHuMaercs & = 0,02 [1]). Hemmdepst
(BSI3KO-yIpyTHE ONOPHI) B pacyETe HE yIUTHIBAIOTCS.

4.9.2. Tlpu pacuére METOJAOM TMPSIMOTO HMHTETPUPOBAHUSI MO HESBHOM
pasHocTHOM cxeme Heromapka [87] pemmaercs ypaBHEHHE JBWKCHHS B MATPHIHOMN
(hopMe OTHOCHTEIBPHO TUHAMUYCCKHUX CTEICHEH CBOOOIBI

[M]{ie} + [C]{2e) + [K e} = {F(£)}
rie:
[M] — MaTpuia Macc (MHEpIUHK), THATOHABHAS;
[C] — matpuma nemndupoBanus;
[K] — maTpuna xéctrocTH;
{F(t)} — BekTOp AMHAMHYECKHX HArPY30K;
{1} = {uft)} - ucxomsiit BexTOp yCKOpEHHMIL;
{72} = {ie(£)} — uckoMsIit BeKTOp CKOpOCTEii;
{1} = {1e(£)} — uckoMblit BeKTOpP MEpeMeIeHHii.
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B ciyuae ydera akceneporpammbl 3emiierpsicenust a(t) amst miarhopMeHHO#
cxeMbl BO30OyxmeHus Bektop {F(t)} comepxut >(PdeKTHBHYIO HHEPIMOHHYIO
ceiicMuueckyto Harpysky -[M] {a(t]}.

Marpuna nemnpupoBaHus CUCTEMBI PONOPLUOHATBHA Macce U KECTKOCTH
cucteMsl (Mozenb Penes):

[C] = alM] + (K]
rae:
0. — K09 HUIHEHT IPOTNOPIHOHATEHOCTH MacChl, C
B — k03¢ PpuIKEHT TPONOPINOHATBHOCTH JKECTKOCTH C.
B cnydae HamM4Ms COCPEIOTOYCHHBIX AeMII(EpoOB B CHCTEME, MaTpHIa
JIeMII(UPOBAHUS JOTOIHACTCS MaTPULIEH COCPEIOTOUCHHBIX IeMII(epoB

[C] = [C]+ [Con]

[C,s] — onmaronampHas warpuma AeMO(UPOBAHMS, COOTBETCTBYIOIIAS
COCPEIOTOYCHHBIM AeMII(pepaMm Mo TMHAMHIECKAM CTEIICHSIM CBOOOIBI

VYpaBHEHHE [MBIDKCHHS M MaTpHIla JEMI(PHUPOBAHHUS JOMHOXAIOTCA Ha
Matpwuity nogariausoctu [A] (o6patayro matpuiie xéctkoctr [K]). Torma

[#] (a5 + [C10) + [R]Ge) = (B}
2] = «[#] + B[&] + [C.n].

rac

[#] = [a1[M]; [€] = [41[c]; [F] = [41[K] = [E]; [Con] = [A]C,wl;
{E(t)} = [AHF(E)],

[E'] - enunnunas MaTpuma.

Huxe u3n0xeH pealn30BaHHBIM AITOPUTM HESBHOM PAa3HOCTHOW CXEMBI
Heromapka [u1st IpsIMOro NouaroBOro UHTErpupOBAHUS YPAaBHEHUN JBUKCHHUS.

HauanbHble yciioBHsi B MOMEHT BpeMeHH Ly
_[tou}; {toﬁ}j {tﬂﬁ}
Ha xaxxmom miare t + At 1o BpeMeHu BerauciseTcs 3G QpeKkTHBHAS Harpy3Ka

[t+AtF"-] — [E‘+;3.E‘”F-] +
+I] (aof fu}+ap{ )+ aa{ h)+ [C](af  +au{ 0} +as{ *i})

Ilepemenienuss Ha miare t+At momydaroTCst W3  pEIICHHS CHUCTEMBI
ypaBHEHUH
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[E]{t+ﬂtu]_ — [t+ﬂtﬁ],

rre «3(dexTuBHAS) MaTPUIA )KECTKOCTH
[] = [B]+ eol] + a4[C]
YckopeHue U CKOpOoCThb Ha mmare ¢ + At BBIYUCISIFOTCS Kak

{725} = ap({ ) - { fu}) - ap{ i) — aq{ i}

{t+ﬂtﬂ} - { tﬂ} + aﬁ{ tﬂ}_|_ a?{t+ﬂtﬂ}
KoaddunmeHtsr ag — 8; BEIMUCISAIOTCS IO GOpMyTIam:

&
@Gq=—"Gx=——7az=——1,a,=-—-1;8;=—
17 a2 gar 2T 2 1T g s 2

ap = At(1 — 8); a; = §At

— . 1 1 & . ar (& )
T aar®’ !

IMapamerper o m 6 cxembl Hplomapka, OIpeAeNsIONINE TOYHOCTh H
YCTOWYMBOCTh MHTETPUPOBaHMS NMpHHUMatoTes 6 > 0,5, a > 0,25(0,5 + 5)2. 3HayeHHs
rapameTpoB o M 0 At Oe3ycnoBHO ycroiuuBoi cxemsl 6 = 0,5, a = 0,25 (meron
MIOCTOSTHHOT'O CPEAHET0 YCKOPEHHS), TPH KOTOPBIX JOCTUTAETCA HAMBBICIIAS TOYHOCTD
MeToza. At — mar UHTETPUPOBAHUS 110 BPEMEHH.

Cropoctn {44} u ycxopenus {¥+2%i} B ceuenmsx, cooTBeTCTBYMONIMX
JUHAMHYECKAM CTETICHSIM CBOOOJBI CUCTEMBI M BBIYMCICHHBIC Ha KaXJIOM IIare Mo
BPEMEHH, HCHONB3YIOTCS JUIS TONYyYEHHS KBA3HUCTAaTHYECKHUX COCPEIOTOYCHHBIX
Harpysok, pasusix {F(£)} — ([MI{ T3] + [C]{F+2%) ).

Hckombie nepeMenicHmsd, YyCuius, HalpsODKCHUSA BO  BCEX  CCUCHUAX
CYNEPIEMEHTHON MOJENU OT JEHCTBUS IOIYYEHHBIX KBa3UCTAaTMUECKHUX HArpy30K
OTPENICIISIOTCS TI0 CYNEPIIEMEHTHOMY QJITOPUTMY METO/a TiepeMerneHuii (cum. 1. 4.13)
C METO/IaMH HayaJIbHBIX NapaMeTPOB U IPOTOHKH.

B pesynbrate pacuera (MHTErpHpOBaHUSI II0 BPEMEHH) OMPEAEISIOTCS
celicMMYecKre TIepEeMEIICHNsT U HaNpsHKSHUS. B 33/IaHHBIX CEYCHUSX, MAKCUMAaJIbHBIC
3a BCe BpeMsI MHTETPHUpPOBaHUs. TakxKe ONpeAeNnsioTcss MaKCHMallbHble Harpy3Kd Ha
MIPY’KUHHBIC TOJJBECKH W MPOMEXKYTOUHBIC OIOPHI , 00OPYNIOBAHUE W CTPOHUTEIBHBIC
koHcTpykimu. [lo 3ampocy mosp3oBaTenss MOTYT TakKe BBIIABATHCS BPEMEHHBIC
3aBHCHMOCTH HCKOMBIX IapaMeTpoB (B TaOIMYHO-YMCIOBOM, TpaduiIecKux W
aHUMAITMOHHBIX (hOpMax).

BennunHa mara uaTerpupoBanus At BBIOUpaeTcs U3 yCIOBUSL:

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

rue: At, — mar nuQpPOBKH aKceIeporpamm,

Tk = 2zlwy — nepuon Kl-it coberBennoi hopMel (TIpu pacuére METOIOM
paznoxenus: mo QopmaMm) HIM MUHMMAIbBHBIA MEPUOA KoJeOaHH HCCiIeayeMoil
cucTeMsl (TIpH pacuéTe METOAOM MPSIMOTO MHTErpHpoBaHus o cxeme Helomapka), c;
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N =1 — mpu manom mare nupoBku (Oosree 6 ToOYEK Ha XapaKTESPHBIA MEPHOT

akceneporpamm), N =2 + 6 — mpu “rpy0oit” nngpposke.

4.10. Pacuer mnapaMeTpOB YCTaHOBHBIIHMXCS BBIHY)KICHHBIX BHOpaImit
TPyOOIPOBOIOB C JMHEHHO-YIPYTMMH CBS3IMH IPH ACTEPMHUHHUPOBAHHOM CHIIOBOM
Harpy>KeHHH, 3aJaHHOM JUIi MPOU3BONBHBIX CEYEHWH CTEpXKHEeBOH Monenn (c
00s13aTeNbHBIM ~ PACHOJIOKEHHEM MPUBEICHHOW MacChl B JTHX CEYCHHUSX) B
IMOJIUTapMOHUYCCKOM BHUJIC!

J
F@©)} = (F}, coso,t+{F}, sino,t)
j=1
npoBoautcs B wmonyine ACTPA-BHBP mno AByM alropuTMaM: CHEKTpalbHBIM
METO/IOM C pa3JO)KEHHEM 110 COOCTBEHHBIM (opMaM KoJeOaHWH WM TIOJHBIM
METO/IOM.

4.10.1. Tlpm pacuére CHEKTpaTbHBIM METOJOM C pa3lIOKCHHEM II0
coOcTBeHHBIM (opMaM KoneOaHui aMIIINTy bl Bubponepementenuit {U}; urst kaxmoit
BO30Y>K/al0Iel 4acTOThI Jj BO BCEX CEYEHMAX PACIONI0KEHH MACC ONPEAEIIAIOTCS 110
CJICTYOIINM 3aBHCUMOCTSM:

Ul (Ul +un )
& Fcij (Uf)i2 - 012)_ 2Fsijé:i wigj

U =
{ }JC .2:1: (a)iz—é’jz)2+4§i2wi2912
{U }js = EKI sij (a)l (9] )+ glwlg]

i1 (a)i2 —6? )2 + 4§i2 a)i2 6’j2

]

cij

o

rue.

Pacuernbie ammutynst Bubponepementenuit {U}j BO Bcex M 3aJaHHbBIX
CEUCHHUSIX CYNEPIIEMEHTHON MOJIENN ONPENENSIOTCS PElIeHHeM CTaTHYeCKOW 3ajadyn
OT JEWCTBHS IPUIOKEHHBIX HHEPUMOHHBIX HArpy30K (B MecTaxX pPacIOJIOKEHHUs
IMHAMHYECKHX cTerneHer csobons) {F}; = sz[M]{U}j (cMm. 1.4.6).

Janee no 3HaueHHsAM BuOponepeMemenuii {U}j onpenensroTcs aMILIUTYIbI
cunoBblx (axropoB {N}, a 3aTeM — aMIUIMTYIbl IPUBEACHHBIX BUOPOHAINPSKEHUN
{oar}j. Jemndeps (BA3KO-yIpyrue omnopsl) B pacyére He yIUTHIBAIOTCS.

410.2. TIlpm pacuére TOJHBIM METOAOM pEIIaeTCs  YypaBHEHHUE
YCTaHOBHUBLIMXCS KOJEOaHHH B MaTpUYHOW (DOpME OTHOCHUTENIBHO JUHAMHYECKHX
CTEIEHEN CBOOOIBI
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[t} + [CHtg + [K ] = {F(2))
rue:
[M] — MaTpuna Macc (MHEepLUHK), THArOHAIBHAS;
[C] = @[M] + B[K] +[C,y] — maTpuua nemnuposanus;
[K] — maTpuma xécTroCTH;
{F(t)} — BekTOp rapMOHHYECKHUX BO3CHCTBH;
{1i} — MCKOMBII BEKTOp yCKOpEHHI;
{44} — McKOMBI BEKTOp CKOpOCTEi;
{1} — MCKOMBII BEKTOp TIepeMelIeHH;
Bce TOYKM MEXaHWYECKOW CHCTEMBl HMEIOT OAWHAKOBYIO YacTOTy

KoneOaHuid, OIHAKO, KOIeONMoTcs He o0s3aTensHO cuH(pasHo. [emmdupoBaHue
BBI3BIBAET (Da30BBIE CABUTH.

Bexrtop Harpy3ok omnpenenseTcs B KOMIDIEKCHOH GopMe Kak:
{F(t)} = {Epaxe™®]e™®t
{F} = {Fpplcosg + isin ¢)te’®t
(F} = ({F,) + #{F;))e®
rae:
Fmax — MakcUMasbHas aMIUTUTYAA HaTpy3KH;
¢ — caBur ¢a3 (pan);
O — BO30Yy>Kmarolas Kpyropas yactora (pau/c);
t — BpeMs Bo3zeicTBu, C;
i — MHUMAas eIMHUIA;
1F1 T = {Fpax CO5 ¢} — neiicTBUTENBHAS YacTh BEKTOPA HATPY30K;
1F5) = { Fp 511l b} — MHIMAs 9acTh BEKTOpA HATPY30K.
BekTop mepeMelleHHi 114) BBIpakaeTcsl AHANOTHYHO BEKTOPY HATPy30K

1F} cnemyrommm o6pazom:

(1 = (i)
rie:
Umax — MaKCUMaJIbHAs aMITUTYJIa TIEPEMEIICHUH, M;
3aMeTuM, YTO Upagx M @ MOTYT OBITh Pa3IMYHBI Ui KaXIOH CTEleHH

CBO6OI[I>I. I/ICHOHL3yH 0003HAYEHHUS B KOMILJICKCHBIX qrciiax, pelicHUC OIMMChIBACTCA B

BUIE

78

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

{1} = (g} + {1, ™

nim

rae
{ul} = {Hmm Cos K,‘b} — JEUCTBUTEIbHAS YaCTh BEKTOPA IEpEMELICHUI
{12} = {thppe SiN ¢} — MHUMas yacTh BeKTOpa MepeMeleHHit
HTorosoe MaTpuyHOE ypaBHEHHE MOXKET OBITH MPEJCTABIEHO B (hopme

[K](w) = (F)
e [K] = —e2[#] + @[] + [£]
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[E'] - enuanunas Matpuna;

{1} = (g H+ iuy)
{Fr={A}1+H{E}

ITonmy4eHHOE HTOrOBOE MATPHYHOE YPABHEHHE PeIlaeTcsi OTHOCHTENBbHO 1L}
M3BECTHBIMH METOAAMH JMHEHHON anreOpsl 1100 «B J100», AHOO0 IS pacIIupeHHON
JIEACTBUTENIHON MATPHULIBL.

Ammutynsl Bubpockopocteit {1t} m BuGpoyckopenmit {ii} B cedenmsx,
COOTBETCTBYIOIIUX ATUHAMHWYCCKUM CTCTICHAM CBO6OI[I)I CHUCTEMBI U BBIYUCIICHHBIC OJIA
Ka&XIOH BO30YKAAIOIIEH YacTOThl, MHCIOJB3YIOTCS Ui IIOJNyYSHUS aMIUTHTY]l
KBAa3uCTAaTUYCCKUX COCPECAOTOUYCHHBIX Harpysok, PpaBHBIX
{F(e)} — ([M]1t + [Cl{a).

VckoMbIe aMILTUTYbI BUOPOIIEpEMEICHHUH, YCHINi, BUOPOHATIPSDKCHUI BO
BCEX CEUCHHUSIX CYMEPINEMEHTHOH MOJENH OT ACHCTBHS MOJMYYCHHBIX AaMIUTHTY
KBa3HMCTATHUECKUX HArpy30K OIPEAEIAIOTCS IO CYNEpIJEMEHTHOMY alrOpUTMY
MeToJa nepemelteHuit (cM. 1. 4.13) ¢ MeToaMu Ha4anbHBIX TapaMeTPOB U MIPOTOHKH.

W31oxeHHbIe METOIUKH pacuyéTa IO3BOJIIOT Y4eCTh M KHHEMaTHYECKOe
BUOpAIlMOHHOE BO3ACHCTBHSA Ha pPsAA Ce4eHHH (Omop, MaTpyOKOB M CTPOHMTEIBHBIX
KOHCTPYKLHIT) TpyOONpOBO/a, 3aJaHHBIC B BUJE TIOJUIAPMOHIYECKUX [TePEMEICHHUMI:

J
U(t)= Z({U L, cosOt+{U}sin6t)
j=1
st 3TOro B yKa3aHHBIX CEYEHUAX PpacCYeTHOM CTEP)KHEBOH MOJENH
YCTaHABIMBAIOTCSI (DPMKTHBHBIC CBSI3M OOJBIION KECTKOCTH K—>00 MO HAMpaBIeHUAM
KMHEMATUYECKOTO BO3JIEMCTBUSA M 3a1al0TCS DKBUBAJIEHTHBIE CHJIOBBIE BO3ICHCTBUS C

rapameTpamu:
{F} = k{U}q 1 {F}5 = k{U}q

4.11. Junamuueckuit pacuer HEYCTaHOBUBIIUXCS KoJyieOaHui
TpyOONPOBOAHBIX CHCTEM C JIMHEHHO-YIPYIHMH CBS3SIMH TPH  [POU3BOJBEHOM
nuHaMudeckoM Harpyxenun {F(t)}, Bemonnsercs B mogyne ACTPA-/IHH no neym
ANITOPUTMAaM: CIICKTPAJIbHBIM METOJOM C paslioKEHHEM MO0 COOCTBEHHBIM (opMam
KoJieOaHUi MM METOIOM TPSIMOTO WHTETPUPOBAHUS YPaBHEHHIl IBIIKCHUS 10
HeABHO# pa3HOCTHOH cxeme Hpromapka. Anroputm crenyer cxeme ACTPA-CEHCM
C TOYHOCTBIO JIO 3aMeHbl ceiicMuueckor wHarpysku [M]{a(t)} ©Ha cuioByro
nuHamuyeckyto {F()}.

4.12. Pacuer nodsemuvlx mpybOnRPO6000E CErolHs — NapaJoKCAIbHbIH
cilydaii, Koraa NeHCTBYIOIINE POCCHICKAE HOPMBI JH00 “OeryT Bmepenu mapososa”,
TpeOys MX BBIIOJHEHHUS MO He mporucaHHoW mertomuke [4, 5, 6, 7, 8, 9, 10], mubo
BOOOIIle HUKAK HE PeriaMeHTHPYIOT 1moao0Hbie pacueTsl [1, 2, 3, 11, 12]. Peanbubrii
TPEXMEpHBIl HENUHEIHBI MeXaHM3M B3aHMOACHCTBHSA TpPyOONpOBOJA C TPYHTOM
CTONb CJIOKEH, CHJIBHO 3aBHCHUM, B YaCTHOCTH, OT HE BCErJa W3BECTHOH HCTOPUH
HAarpy»KeHHsT W He IMOJHOCTBI0 MaTeMaThueckd (opManu3oBaH (CyIIECTBYET
HECKOJIbKO KOHKYPHPYIOLIUX MOJIENEH TPYHTOB, ONEPUPYIOIINX PA3IUYHbIM HAO0pOM
HCXOJHBIX MAPaMETPOB COCTOSHHS U JAIONIUX, B PsJIC CIy4aeB, BeCbMa OTIMYHBIC
JPYT OT Jpyra pe3yjbTaThl), 4TO YJIOKHTh BCE MHOT00Opa3ue peaibHbIX MPOIIECCOB B
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“OpOKPYCTOBO JIOXKe” YIPOLICHHOW WH)XEHEPHOW METOAWKH — 3ajada CTONb JKe
6raroposHasi, CKOJIb ¥ HE O KOHIIA JOCTI)KUMAS.

B ACTPA-HOBA’2023 peanu3oBaHbl U JOCTYIIHBI II0JIb30BaTeNsIM JBE
METOAMKH  cmamuyeckozo  pacyema (CTAIL]) 1mom3eMHBIX  TPyOOIPOBOIOB
OeckaHaJbHOW NPOKJIAAKU (TEIIOCETH) M IOJI3EMHBIX M Ha3eMHBIX (B HACBIIH)
MarucTpajbHBIX TPyOOIIPOBOIOB:

1) ympolueHHass — >KE€CTKOCTb ‘‘pacHpesiesIeHHBIX” OMHOp, MOJECIUPYIOMINX
B3aUMOJEHCTBUE C TPYHTOM BO BCEX CEUEHHSX, ONpeAeIsIeTcs I0 3aJaHHBIM
Mojbp30BaTeneM Kod(pQUIeHTaM TIOCTeNH II0 TpeM JIOKAJIbHBIM OCSM TpPYyOBI:
MPOJIOJILHOM (X3/), TOPU30HTAIIBHOM MONEPEYHOM (Xll ) ¥ BEpTUKAIBHOM (le);

2) yTo4YHeHHas (pexomendyemas) — HA KaKIOM LIare HUTepauuit
SKBUBAJICHTHBIE “‘pacIipeaeIeHHbIE” OTOPHI, KECTKOCTh KOTOPBIX HENWHEHHO 3aBUCHUT
OT KO3((UIIMEHTOB MOCTENN W3OJLIINY, TOAYIIEK U TPYHTA, PacCMaTPHBAIOTCS Kak
YIPYTO-TIOJBMKHBIE C TPEeMs JIMHEHHO-YIPYTMMH CBA3SIMH II0 JIOKAIBHBIM OCSIM
TPYOBI: X3, Xi ¥ X, WTepaumonHas mpoueypa 3aBeplIaeTcs NPH YCTAHOBICHHH
c1a00 MEHSIOMINXCS TIEPEMEICHUIT 110 HAIIPABJICHHIO CBSI3EH.

ITapameTpbl SKBUBAJIGHTHOM CTEP)KHEBOW MOJEIM Ha HEJIMHEWHOM
OCHOBAaHHMH W MTEPAIIMOHHOTO MpoIecca CTPOSATCS Kak Ha OCHOBE OTEUYECTBEHHOT'O M
3apyOeXHOTO ONbITa aHanM3a MOJOOHBIX CHUCTEM, TaK W Ha HH)XEHEPHOH
WHTEPIIPETAllUN PE3YJIbTATOB TPEXMEPHOI0 KOHEYHOIIEMEHTHOI'O MOJICTUPOBAHUS
HAC cucrem “tpy0oIpoBOA-U30IALMA-KOMIICHCUPYIOIHE TOXYIIKH-TPYHT B
JIMHEWHO-YIPYroi 1 HelTMHEeHHO# mocTaHoBKax no kommiekcy CTAAHO [23, 46, 47]
(puc. 4.7). TlompobHOe ommcaHWE peKkoMeHOyeMol YUCICHHOM METOAWKH,
peanmzoBarHo# B kKoMiuiekce ACTPA-HOBA 1ist CTaTUYECKOTO pacdera IMOI3eMHBIX
TpyOOIPOBOZOB OECKaHAIBHOW MPOKIAIKH, TpUBEAeHO B [Iprmoskenrm 3.

Jns “Gmoka” dunamuueckux pacuemos (POPM, CEHCM, BUBP, JIHH) B
ACTPA-HOBA’2023 peanu3oBaHa BHOBb pa3paboTaHHas HHXKCHEpPHas METOIUKA
yueTa/KOppeKIrn JKECTKOCTH 9KBUBAJICHTHBIX orop, MOJICTTHPYIOIINX
B3aUMOJICHCTBUE C TPYHTOM M 33/IaHHBIX/ONPE/ICNEHHBIX B CMAmMu4yeckomM pacyere.
Bo3mokHas KOppeKUus, Y4YHMTBHIBAIOIIAS CYLIECTBEHHOE YBEIHMUYCHHUE IKECTKOCTH
IpYHTa MPHU JUHAMHYECKUX BO3/CHCTBUSIX, BBIMOIHACTCS YMHO)KEHHEM CTaTHYECKUX
KECTKOCTEH 10 JIOKAIBHBIM OCSM Ha 3aJaHHbIC IT0JH30BATEIEM MacIITaOHbIC
k03 huIMEHTHI.

W3no>xeHHbIEe BBIIIE BO3MOXKHOCTH CTAaTUYECKHX M TUHAMHUYECKHX PacyeToB
JOCTYIHBI TaKXX€ W AJS TOA3EMHBIX M KOMOWHHPOBAaHHBIX (HaA3€MHO-TIO3EMHBIX)
TpyObonpoBogoB  A3Y  (49C), mapa wm Topsueit  Bomel  (TAC) wm
nedrexumun/aeprenepepaborkn (HEQ@TEXHM).

4.13. B akryanbHoii Bepcun ACTPA-HOBA memoo cynepsniemenmos
(MCD), u3BeCTHBIH TaKkKe KaK METOJ IMOJKOHCTPYKIHWH, peaan30BaH TakxXKe s
MIOCTPOEHHS PENYLHPOBAHHBIX MATPUI] BIMSAHUS CHCTEMBl WM Y4€Ta 3THX MaTpHIL
npu cyrnepasieMeHTHoH cOopke. KirtoueBoii npouenypoit MCD siBisieTcs craThueckast
koHzeHcanus [116] — uckiroYeHre BHYTPEHHUX CTENEeHEeH CBOOOIBI MOAKOHCTPYKIIUH

{Ui}, — IPUBOAIIAS UCXOHYIO OJIOUHYIO CHCTEMY YPaBHEHUI PaBHOBECHS
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Kii Kib ui I:l

Kbi Kbb ub - I:b

K peﬂyHHpOBaHHOﬁ CUCTEME OTHOCUTCJIBHO KOMIIOHCHT BCKTOpa TIpPaHUYHBIX

[KJfu, }={F}
rae: [K]: Kbb]_ Kbi][Kii:rl[Kib]'
FHRHKIK TR

PenyunpoBaHHBIE MaTpPHUIIBI [K] {F} HUMIIOPTHPYIOTCA-3KCIOPTUPYIOTCS

HEM3BECTHBIX {U b } :

yepe3 TEKCTOBBIE (aiapl, (opMaT KOTOPHIX YUHTHIBAET OJIOYHO-AHATOHAIBHYIO

CTPYKTYDPY [K], a Takke depe3 OmHapHble ¢aimer ctpykrypel [IK CTAAHO wn

ACTPA-HOBA.

4.14. Peanm3oBaH TakKe QJITOPHUTM METOJA OUHAMUYECKO20 CUHMe3d
NOOKOHCmpyKyuti. MeToibl JWHAMHUYECKOTO CHHTE3a IOJKOHCTPYKLHUA MOYKHO
KJIacCCU(UIMPOBATh MO CIOCcO0y BBIOOpPa 0a3HUCHBIX BEKTOPOB MeTona Penes-Puria
JUISl TIOIKOHCTPYKIIMH U 110 coco0y MX CThIKOBKH. Yalie Bcero B kauecTBe 6as3uca Juis
MOJKOHCTPYKIHMHA  HCHOJB3YIOTCS €€ COOCTBEHHbIE (OpMBI  KoleOaHMH IpH
OTPENIeNICHHBIX TPaHWYHBIX ycnoBusix: [117-118] — mis 3aKkperyieHHOW TpaHHMIbI,
[119] — s cBoGoamO# rpanumipl, [120] — A YacTHYHO 3aKPEMJICHHOW TPaHHIIBI
MOJKOHCTPYKIMHA. M3 Tpex paccMOTpEeHHBIX BapHaHTOB MeToja Haumboiee
MIPEANOYTHTENBHBIM, C BBIYUCIUTEIEHON U PeaM3allMOHHON TOUEK 3PEHHUS, SBISICTCS
MepBBIH, HUCMONB3YIOMMUH  (GOpMBI  KONEOAHWH OCHOBHOM CHCTEMBI METOZa
nepemelieHuid. Ilpu 3TOM [UIst yHOpOLIEHMsI CTBIKOBKM TOAKOHCTPYKLMH M JUIs
MIPAaBIIIBHOTO Y4€Ta UX KECTKUX CMELICHUH 1 TIepeMEIeHNI TPAaHUYHBIX TOYEK Oa3mc
m3 popM KoyebaHWH IeTIecoo0pa3HO MOTOIHUTh HA0OPOM CTAaTHUECKUX (DYHKITHIA
(OpMBI CyIepaIeMEHTOB, KaX/J(asi U3 KOTOPBIX HPEACTABIICT cOO0W BEKTOp YMPYTHX
nepeMelleHnid y3J0B MOAKOHCTPYKIIMH, BBI3BAHHBIX €AMHUYHBIM CMEIICHUEM [0
HAIpaBJICHUIO COOTBETCTBYIONIECH (DUKTHBHOW CBSI3M JJIi OCHOBHOM CHUCTEMBI METO/a
NepeMeleHuil.

Hawubonee momyinsipeH peann3oBaHHBI B YHHUBEPCAIBHBIX “KOMMEPYECKHX’
INK (NASTRAN, ANSYS, ADAMS,...) ynomsnyteiii noaxon Kpeiira-bemnrona
[117], cBoasIMiics K HOCTPOCHHIO PEIYLIMPOBAHHBIX MATPHII )KECTKOCTH U MacC:

[K]=oT [kfo]=| co 0

- le pafol-| gee T |

rae.
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0] o]

(ch CDIN
CI)lc — TepeMeleHnsT BHYTPEHHHUX CTereHed cBoboapl CD i 3amaHHBIX

CIANHHUYHBIX HepCMCH.IGHI/Iﬁ TpaHUYHBIX (CTLIKOBO‘IHLIX) Y3J10B, CDIN — NCPEMCHICHUA

BHYTPEHHHX CTeleHeld CBOOOJBI, COOTBETCTBYIOIIME COOCTBEHHBIM (opmam
KoJIeOaHW TP OTpaHWIEHUH CTEIICHEH CBOOOABI (3a/1e/IKe) TPAaHNIHBIX Y3JI0B.

[TporpammHas peanu3anysi MaTPUYHBIX Onepanuii npu (GOpMUPOBAHUH [K]

u [M] (¥ pemylMpOBaHHBIX BEKTOPOB HArpy30K {lf }) B OCHOBHOM IIOCTPOEHa Ha

CTaHIAapTHBIX NpOLeAypax, coaepxamuecs B Moayisax [1IK. He BcTpedaer kakux-imn6o
TPYAHOCTEH, clemys KaHOHHYECKOW KOHEUHO(CYIep)3JIeMEHTHOW cOOpKe, W ydeT

[K ], [|\7| ] " {lf} B o0IIeli CynepaieMeHTHOW MOJIEITH.
VIMIopT-3KCOpT MaTpHIl OPraHW30BaH depe3 TEKCTOBBIE (aiibl, (popmar

KOTOPBIX YYUTHIBAET OJIOUYHO-JHATOHATIBHYIO CTPYKTYpY [K] U 3aloJHEHHYIO

CTPYKTYDPY [|\7| ] B uactaocty, nogaepxxusaercst popmar ITIK NASTRAN.
Taxkxe QOpMHPYIOTCS, XpaHATCA W JOCTYIMHBI OwHapHBIE (almbl C
MaTpHULIAMH [K], [M ] u {lﬁ }, CTpyKTypa KoTopbix cootBeTcTByeT I[IK CTAJHO n

ACTPA-HOBA.

4.15. “UccnenoBarenbckas” TMOJACHUCTEMa MPOTPAMMHOTO  KOMILIEKCA
NPOYHOCTHBIX pacuyeroB TpyborpoBoanbix cucreM — ACTPA-CTA/THO — nomHOCTHIO
coBmectumass ¢ ACTPA-HOBA’2023 (9KCHOPT TE€OMETPHYECKHUX XapaKTEPUCTHK,
(PU3MKO-MEXaHMYECKUX CBOWCTB M HAarpy30K 3HaYMMBIX O3TaloB CTATHYECKOTO W
CEiCMMYECKOr0  pacyeToB, HWMIIOPT YTOYHEHHBIX HANpPSHKEHUH M MaTpHIl
KECTKOCTH/TIOJJATIINBOCTH, 00ECIIeYNBAET YTOUHEHHBIN pacyeT MO IPOCTPaHCTBEHHO-
000JI0YeYHBIM M OOBEMHBIM CXeMaM METOAa KOHEYHBIX 3jiementoB (MKD)
CTAIlMOHAPHBIX TEMIIEPATYPHBIX IOJIeH, HANPSHKEHHO-1e(OPMHUPOBAHHOTO COCTOSHHMS
(HAC), craTruecko, MUKINIECKON M CEHCMIUECKON MTPOYHOCTH CIEAYIOMINX TSKEI0
Harpy>kKeHHBIX 3JIEMEHTOB TpPyOONpPOBOMOB TMpPW JEHCTBUM MOJIHOW CHCTEMBI
KBAa3UCTATHUCCKUX HArpy30K (BHyTpCHHEE [aBJIEHHE, BEC M TEMIIEpAaTypHBIC
JedopManuy, oceBasi U IONEPEYHbIe CHJIbL, W3rHOAIOMMe M KPYTALIMHA MOMEHTHI Ha
TPaHULIAX-TOPIIAX):

1) mpoiinuxoé OpTOrOHAJIBHBIX U HEOPTOrOHAJBHBIX (KOCHIX) PaJHaIbHBIX
(cBapHBIX, LITaMIIOCBAPHBIX, IITAMIIOBAHHBIX M KOBaHbIX, C HaKJIaJKaMH H
IUTAKUPYIOIAM CII0EM);

2) omgodoe (ruboB, KOJICH) THYTHIX, KPyTOM3OTHYTHIX, IUTAMIIOBAHHBIX H
CEKTOPHBIX C YYETOM OJUIMITUYHOCTH, Pa3HOCTCHHOCTH (IIEPEMEHHOH TONIIHMHBI
CEUYCHNS1) U MMPUMBIKAIOIIUX NPSIMBIX TPYO;

3) KOHMYECKUX nepexo008 KOHUECHTPUIECKUX U C SKCIIEHTPUCHTETOM;

4) NMH30BBIX W CHIb(QOHHBIX KOMHEHCAMOPO8 OCEBBIX, YTIOBBIX H
C/IBUTOBBIX (MHOTOBOJIHOBBIX C YIETOM NPHUMBIKAIOIINX HPSMBIX TPYO);
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5) KOCBIX CMbIKO8;

6) CBapHBIX ULB08;

7) noozemuvix mpy6onpoeodos (TpyOd, OTBOAOB M KOCBIX CTBIKOB C
U30JSILINEH/KOMITIEHCU PYIOLMH MTOIyIIIKAMH B TPYHTE).

IMoxcucreMa aKKyMyJIHPYeT MHPOBOH M COOCTBEHHBIH MHOTOJETHHI OIBIT
paspaborunkoB [1-12] mo aHamM3y CIOXHOTO HPOCTPAHCTBEHHOTO pacIpeaeieHus
nepemMenienuii, Jegopmanuii 1 HalpsHKEHUH B JETaNsIX, ONPEIeISIONIX MPOYHOCTh
BCeil TpPyOONPOBOMHON CHUCTEMBI, B 00OPYZIOBaHUH, CTPOUTEIBHBIX KOHCTPYKIHMAX H
COOPYKEHUSIX.

INoncucrema obmagaeT QUAIOTOBBIM Hpe- U MOCTIPOIIECCOPOM, MOXKET OBITH
CBsi3aHa C 0a30i MAHHBIX THUIOBBIX JIIEMEHTOB, TpeOyeT IHIIb HEOOXOIUMOTO
MHHMMyMa WHGOpPMAanuu A aBTOMAaTUYECKOW TEHEepalud ONTHUMAIbHBIX IO
TOYHOCTH TPOCTPAHCTBEHHO-OOONOYEYHBIX (IUII TOHKO- H  “‘CPEIHECTeHHBIX
AJIEMEHTOB) W OOBEMHBIX (AJI1 TOJICTOCTEHHBIX NETallell W CHCTeMBI “‘TpyOOmpOBOA-
U30JBIIUS-TPYHT’) PacueTHBIX KOHEYHODJIEMEHTHBIX MoJieNied. BrraucnnTenbHbIM
“ampoM”  CIY)KMT MOIIHBIH  BepU(PHIMPOBAHHBIH  KOHEYHO/CYNEpIJIEMEHTHBIN
xomiuteke CTAJHUO [74], umeromuii GOraTelii MOCTYKHON CITUCOK HMCCIIET0BaHHBIX
CJIOKHBIX OOBEKTOB aTOMHOM, TEIUIOBOM M T'MIPOSHEPIeTHKHU, PAa3IMYHBIX OTpacien
CTPOUTENHCTBA U MAIIMHOCTPOCHUSI.

OCHOBHBIE peaM30BaHHbIC THIIOTE3bl: M30TPOINUS W JIMHEHHAs YIPYyroctb
MeTaia (¢pu3uyeckas JIMHEHHOCTb) M MAJIOCTh JieopManuii-riepeMereHni
(reomerpudeckas JTMHEWHOCTDH). [ rpyHTa (TMOI3eMHBIE TPYOOIPOBOABI) NPHHSTA
¢u3MUecKH ~ HENMHEHHAs  peoloruueckas  MOZAETb  JHEPreTHYECKOro  THIIA,
3apeKOMEHAOBABIIAs CE0sl MPH YHCICHHOM MOJEINPOBAHUM TPEXMEPHBIX CHCTEM
“ocHoBaHne-coopyxenne” [10].

IMompobHOe omucaHuWe anroputTMa pacuyera u ceanca padbotel ¢ ACTPA-
CTA/THO conepxuTcs B OTACITBHOM TOKyMeHTe [75].
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Puc. 4.1 ACTPA-CTA/JHO. Imnoprt nauubix u3 ACTPA-HOBA v reHepanys
KOHEYHO3JIEMEHTHBIX MO/IeNel netaneil (Ha mpuMepe KOHUUECKOTo Iepexo/ia)

84

HUIL CtaluO



Brruucnurensabie AJIT'OPUTMBI
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Tpexmepras mooens

Obonoueynas mooenn

Puc. 4.3 ACTPA-CTA/[HO. KoHe4HOdTIeMEHTHBIE MOJIETH OPTOTOHAIBHBIX

paguajgbHBIX TpOf/'IHI/IKOBI)IX COCOAVHCHUH.

a) CBapHOH ¢ 3a4MIEHHBIM LIBOM; 0) CBAPHO

W C HaKJIaJIKOM;

nc THHyTOﬁ TOPJIOBUHOMU.

B) mTaMIIOBaHHbI
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Tissconauun (Necwass 100
Hespramie dornc

owen -
-BOBA (Iman 3
wan B wngspe 3

3
i apoiuina (A-C)

rbuBaAsuRNCe WanpEesuus SIKb (SepEian u MuxMAR DOOEpXMCCRU)
Haspusamsin $aracps us ACTPA-HOBA (3 3)
Homeix © wagueFe U3 BaccKOTRY RpodiuNa (A-C)

Dpusegerme wenpavewua. Tpynna 4

¥

P

Puc. 4.4 ACTPA-CTA/HO. lebopmupoBanHoe (a) U HanpspDKeHHOE (0) COCTOSHUS
IIPH 33JaHHBIX COUETAHMSIX HArpy30K, pacyeTHas rpyIIa HanpsHkeHuH (B, oTan 3,
rpymna (a)k, (ammwturyner) no ACTPA-AC) TpOWHUKOBOTO COCANHEHUS
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Ome00, 2ub, KoeHO (¢ INTUNMUYHOCTNBIO U PASHOCTNEHHOCMbIO)

Tngopmasus (Macenas 1) Suubaseunnce usnpaxewse (Tpecxa) Saxs (Sepisd U Mimiex noSapuccay)
Hiasprameae squinae garaom Haspyneaos SqURIIAS GaKROR
emie (E-C)

CexmopHuiii omeoo

L ACTPA-LTAZM - (11811 2.st] MICIED
)

et AQAB® I T WE 1
o Ll 6 4

Porcpmouun Eacenss 0.001)
e dar
WS

e
0435 01
7190 30
2398189
0764 88

fotcenauu (Hecwass 0 90646)
earrie eoan $araor

soa1 20
e o B

i

s

Puc. 4.5a ACTPA-CTAJJNO. KoHeuHO31eMEHTHBIE 000JI0UCUHBIC MOCIIH,
pacyeTHbIC HAMIPSDKCHUS U OLCHKH MPOYHOCTH JIeTaJICH TPyOOpOBOI0B
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JIun30860lil U CUNLPOHHBIN KOMREHCAMOP

Fpgmas &

Puc. 4.56 ACTPA-CTAJINO. KoneunosneMeHTHBIE 000JI0U€YHBIE MOIEIH,
pacueTHBIC HAMPSHKEHUS U OIIEHKH MPOYHOCTH JeTaeii TpyOOpoBoI0B
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t = 1,05¢ (mar 22)

-
GxBubasermnioe Manpaxenue (Tpecka) Saxe
Hazpyxanwxue gaxnops us ACTPA-CEACH
BosgeucmBue N2 (yzon M1). Axcesspozpamma. Touw
JaBarexue (C-C) (0 Mlla)

Temnepanypa (C-C) (0 zpag)

OceBme cum no mopuy wnyuepa (C-C) (1.057 xA
Oceene cum no mopyy Mazucmpasu (C-C) (2.659
HzzuSanKui MOMEHM B MaZUCRpPAAU B NAOCKOCRU R
HzzuBSapgui MOMEHR B UNYUSPe B NADCKOCRU MPOUs
MoMerm B WAGUSpe U NAOCKOCMU mpoumuxa (A-C)
H=zuSanuui MOMEHM B MAZUCMDAAU U3 NAOCKOCHU RD
Kpymawud momexm & wmyueps (A-3) (71.033 xHen)
Kpynawuu woneMm 8 mazucmpamu (A-A) (-1.359 xHx

171
157
143
129

115.
101.

87

73.

59,
45
30
16

06
99
93
87

[ [ ]| LIS

t=1,50c (mmar 31)

GxBubasernMoe HManpsxexue (Tpecxa) S

Hazpysangue paxmnops us ACTPA-CEACH

Bozgeicnéue N2 (yzoa N1) Axcgnepozpanna Touxa N31 (1.5 cex)

Haéaenue (C-C) (0 Mla)

Tennepanuypa (C-C) (0 zpag)

Oceéme cum no mopuy wmyuepa (C-C) (15.257 xH)

Oce8ne cum no mopuyy mazucmpaau (C-C) (13.044 xH)

HzzuSawwui moMeHm 8 Mazucmpasu 8 nsiockocmu mpouxuxa (C-C) (1

lzzuSapgui MOMeHm 8 umyyepe B naockocmu mpoumuxa (C-A) (73.42

Honswn © unyuepe us nascxoomu mpousuxs (A-C) (-31.559 wiixn)
i momern 6 Au uz (3-C) (3

KPonamiut nomoin 6 wnyuepe (A-A) (-69.45 whwn)

Kpynawuu momexm 8 mazucmpaau (A-A) (5.2055 xHxn)

Puc. 4.6 ACTPA-CTAJUO. Kanpsr Buneoponuka quaamMuka H/IC TpoiiHuka ot

CEHCMHUYECKOI0 BO3JICHCTBUS, 3a/IaHHOTO aKCEJIEPOrpaMMOi
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Puc. 4.7 Tpexmepnas koneunosnementHast CTA/JHO-vmonens “Tpy0oonpoBo-
nzossins (ITITY+I19)-koMneHcupyomias oymKa-rpyHT B TpaHiee”
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5. “CemeiicTB0” mporpaMmmMusbix kommiexcoB ACTPA-HOBA

5.1. O6mue noJio:keHusi. TpeGoBaHus K cucTeMe U 000PYA0BAHUIO

5.1.1. “ba3oBas” Bepcus 11000i1 oTpacieBoif BETBU-KOMIUIEKCa CeMeHCTBa
ACTPA-HOBA’2023 HEeCKONbKO NECATUIETUNH YCTOMYMBO COCTOUT M3 7 MOAYJeEi:
ACTPA-CTAIl, ACTPA-®@OPM ACTPA-CEHCM, ACTPA-BHEP, ACTPA-/THH,
IIPE-ACTPA w IIOCT-ACTPA. K »>toit “BenukoienHod cemepke” yxke 10 jer
MIpUMBIKaeT U pa3BuBaercs «tmpodpu-monyns» ACTPA-CTA/JHO nnsi yTOYHEHHOTO
pacuera MKDO Ttemneparypubix moneid u HIAC (o o6omo4edHBIM M TpEeXMEpHBIX
CXeMaM METO/la KOHEUHBIX 3JIEMEHTOB), OLEHKH IIPOYHOCTH JeTaleil TpyOOIpOBOIOB.
A BOT CaMBIif «IIPOCTOI», HO JaBHO BocTpeOoBaHHBIA Monyns ACTPA-JETAJIb n,
Ha caMOM JeJie, CIOXHBIH, monroxaaHHeiii Moxyinb ACTPA-CB/] pazpaboTaHel U
BOIILJIHM B YHCJIO TIOCTABIISIEMBIX TOJBKO ¢ HacTosmiel Bepcuu ACTPA-HOBA’2023.

IMporpammbl Hanmcanbl Ha s3pikax Intel Visual Fortran 15 (BeraucinurenbHbie
moaynmu) u Visual C++ ¢ wucmonb3oBanHweM TpexmepHoit rpapukun  OpenGL
(Bu3yayu3anmusi pacyeTHBIX MoOJeJeld M pe3yslbTaToB W JUajioroBas CHCTEMa
noArotoBku pacuetHoit Mmojenu ITPE-ACTPA, ITIOCT-ACTPA).

[TporpamMmbl KOMIUIEKCA COBMECTHMBI MO HCXOJHBIM JIaHHBIM B 3aJaHUH
(U3MKO-MEXaHMYECKUX CBOWCTB, pPACUYETHHIX IapaMeTpOB M TIEOMETPUUYECKUX
XapaKTEepUCTHK CUCTEeMBbl TpyOompoBojaoB. CelcMHuuecKkue, BHOpalMOHHBIE H
JUHAMWYECKHAE BO3ACHCTBUS 3aJal0TCsl HE3aBHCHMO JIpyT OT Jpyra H MOTYT
MIPUCYTCTBOBATh BO BBOJIE OJHOBPEMEHHO. JTO BO3MOXKHO OJylarojapsi TOMy, 4TO
KaX1ast IporpaMMa BBIOMpAET W3 BXOAHOTO MOTOKA TOJIBKO HEOOXOIUMYIO AJISI CBOCH
paboTs! HH(pOpPMATTHIO.

5.1.2. Kommieke Moxer (yHkiuonupoats Ha |IBM-coBmectumbix TI9BM
o1 yrpaeienuem 64-x paspsanoi onepanuonnoii cucrembr Windows (Windows 7, 8,
10)

5.1.3. TpeboBaHusI K 000PYIOBAHUIO:

—CPU 21T

— RAM 8 I'Gaiir,

— HDD 1 T6aiir,

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

— Pasvemur USB s noaxmouenns kiaroua HASP HL.

— IIpomoxon TCP/IP ¢ otkpbiThIM opToM 1947 s padotst IIK ACTPA-
HOBA c xmouom tunna HASP HL.

— @aiinosas cucrema — NTFS.

5.1.4. B pa3genax 5.3 — 5.11 kpaTko ONWCHIBAIOTCS HA3HAYCHHE MPOTPaAMM
KOMIUIEKCa, Pe3yIbTaThl MX paboThHl, cnenuduieckne orpaHHUYEHHs, B pasgene 5.12
MIPEACTaBICHbl JUArHOCTUYECKHE COOOIIEHMS M COOOIICHUs, BCTPEYaIOIIUECs BO
BpEMI BBITIOJIHEHUS TPOTPAMM.
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5.2. KosimyecTBeHHbIE OTPAHMYEHNS PACYETHON MOeIH

Bce nporpammel cemeiictBa ACTPA-HOBA’2023 naknafpIBaloT CleAyIOINe
eMHbIe KOJUYECTBCHHbIE OTPAHHYEHUS HAa PAcCueTHYIO MOJEIh B IEJIOM U KaXKIbIH
CYIEPIEMEHT, IO3BOJIAIONINE CBOOOJHO aHAIM3UPOBATh TPYOONPOBOAHBIE CHCTEMBI

499

“npeneNbHO” CI0XKHOCTH (B CKOOKaxX IPUBEIEHBI COOTBETCTBYIOIINE JaHHBIEC JUIS
Bepcuu ACTPA-HOBA’2001):

XapakTepucTHKH JAuana3on uamMeHeHust
V3110B CTBIKOBKH CYIIEPIJIEMEHTOB 0—4000 (1 -500)
Hepa3BeTBIEHHBIX CYIIEPIIEMEHTOB-Y4YaCTKOB 1-4000 (11 000)
(rpy0OomnpoBosa (2 y311a CTHIKOBKH)
[IpOoU3BOJIBHBIX CYNEPAIEMEHTOB

0-4000(-)

(TpyOOIIPOBOIBI, I€Ta)IH, 000PYIOBAHUE, OTIOPHI)
(D1eMeHTOB TPyOOIPOBOIa (OTPE3KOB) 11600 000 (2 — 40 000)
JIHAMHYECKHX CTeneHed CBOOOIbI 1-60 000 (1 -6 000)
(CoOCTBEHHBIX YacTOT U (hopM KoJiebaHmi 1-4000 (1-400)
[1laroB HHTETPUPOBAHUS IO BPEMEHHU 1-60000 (1—-3000)
JJIeMEHTOB-OTPE3KOB y4acTKa 1400 (2 — 40)
[py>uH, OTI0p, ApMATYpPhI, (QITAHIEB, ... U yU4acTKa 0 —400 (0 - 10)

5.3. Iporpammustii monyabs ACTPA-/JETAIb

Monyns ACTPA-IETAJIb peanu3yeT pacdeT IO BBIOOPY OCHOBHBIX
pa3MepoB JeTanel B COOTBETCTBUH C TPeOOBaHUSAMHE OTPAcieBBIX poccuiickux Hopwm,
PTM u P [1-12]. PeanuszoBan pacuér neraneil TpyOONPOBOMOB — npsaMbIX mpyo,
0me0008 (2ub608), nepexo008, MPOUHUKOE U KDbLULeK/OHUW — Ha TCUCTBUC TaBIICHHS.

IIpenycmoTtpeno 2 Buaa pacuera:

— BBIOOp MHHMMAJILHOW PAacYCTHOW M HOMHHAIBHOW (C y4eToM mpuOaBOK)
TOJIIIMHBI CTEHKHU JeTanei;

— BBIOOp JeTaeil, HOAXOAAIIMX MO TOJIINHE CTEHKH, U3 COPTAMEHTOB.

PesynbraTamu pacdera (B 3aBUCIMOCTH OT BU/Ia) SIBIISTEOTCS:

— MUHUMAaJbHAs TOJIIMHA CTCHKHA KAXKIOW NeTamu W, I TPONHHKOB,
IUIOMIAHN CEYCHUS YKPETULIIOMNX YIIEMEHTOB;

— TIepedYeHb BBIOPAHHBIX [eTajlell C YKa3aHHeM UX COpTaMeHTa |
TEOMETPUYECKUX MapaMeTPOB.
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5.4. IIporpammusblii Moayab ACTPA-CTAL]

Monyns ACTPA-CTAL] peanu3yeT pacyeT Ha CTAaTHYECKYIO M IUKIUYECKYIO
NPOYHOCTh IPOM3BOJILHBIX IMPOCTPAHCTBEHHBIX PAa3BETBICHHBIX HHU3KO- CpEIHE- H
BBICOKOTEMIIEPATYPHBIX TPyOOIPOBOAOB (3aMKHYTBIX WIM HMMEIOIIUX 3aMKHYThIC
KOHTYpBI, CBOOOJHBIE, HMIAPHUPHO ONEPThle M 3allleMJICHHBIE KOHIBI, COJEpIKaIlInX
MpsIMbIe  TPYOBI, OTBOABI, TPOMHUKOBHIE W (DIIAaHIIEBBIE COEAWHEHUS OTPACIEBBIX
COPTaMEHTOB, JINH30BbIE, CHIb()OHHBIE M CAJTHHUKOBBIE KOMIIEHCATOPBI, MPY>KUHHBIE
MIOJJBECKH W OTIOPHBIE KOHCTPYKIMX PAa3INYHBIX THUIIOB, B TOM 9YHCIIE, OTHOCTOPOHHHE
U C YY4eTOM TpPEHHS CKOJNBKEHHS WM KaueHHs) B COOTBETCTBHM C TPEOOBaHUSIMH
orpacneBbix poccuiickux Hopm, PTM u P [1-12].

Moser OBITH IpOBeAeHO 6 BHIOB pacyera (B TOM 4YHCIE, C yYETOM CHII
TPEHHSI B OMOPHBIX KOHCTPYKIHMSX MO ABYM Metomaukam [82], [85]) Ha HOpMaTuBHO
peraMeHTHpYyEeMbIe COYETaHN KBAa3HCTATHIECKUX W MAJIOIUKINYECKUX BO3ACHCTBUIM:
JIaBJICHUS], paclpe/IelIeHHO BECOBOH U COCPEIOTOYEHHBIX HArpy30K, TEMIEepaTypHOTo
HarpeBa TpyOOIPOBOJOB, CMEIICHHUII €ro 3ameMICHHBIX KOHIIOB U MPOMEXYTOYHBIX
OIIOp, MOHT&)XXHOTO pacTsira. Bo3MoXXHO 3ajaHne 0JTHOCTOPOHHHX CBsi3ei (omopsl Oe3
XOMYTOB M JXECTKHE TSITH) U OIIOPHBIX KOHCTPYKLHMH C JKECTKOCTSMH B JIOKQJIHHOM
crcTeMe KoopAuHaT. Bo3MokeH yueT OOKOBBIX )KECTKOCTEH B NMPYKUHHBIX M KECTKUX
MOJIBECKAX, OCEBHIX CHJI OT JaBJIEHHs, B TOM 4YHCJIE€ B KOMIICHCATOpaX, OCEBBIX
nedopmanuii ot naBieHus, MaHOMETpHdIecKoro 3 dexra B OTBOAAX.

CopTaMeHThI NPY>KHH ONPEACIISIOTCS

— oTpacieBoii Hopmansio MBH-049-63,

— otpacineBbiMu ctangapramu OCT 108.764.01-80, OCT 24.125.109-01,

—geprexamu (or BHATIMAT) mis “crennanbHBIX IPYKUH,

— Karanoramu Juis npyxuH “nioctosiHaoro ycunus” LISEGA,

— Karajoramu npyxuHHbIX nojasecok LISEGA.

CopTaMeHThI IPYXKHHHBIX OJIOKOB NPYXKHHHBIX OIOP ONPEIEISIOTCS:

— otpacneBbivu ctangaptamu OCT 108.275.69-80, OCT 24.125.166-01.
CoOoTBETCTBHE HOMEPOB pacyeTOB Mpeabayux Bepcuii komiiekca ACTPA-HOBA u

Ha3BaHusIMH pacueToB Bepcunt ACTPA-HOBA’2023 npuBeneHo B TabiuLe.

ACTPA-HOBA'2011 ACTPA-HOBA’2023
Vuér
UCTIBITAHU
Pac N
N Bun (HanmeHnoBaHue) pacuera nu
4yéT Ha3Banue pacuera
No Bepcun 2011 JIOTIOJTHHUTE
- JIBHBIX
pEeKUMOB
. Pacuer ¢ omnpenenenuem
[onmHBIi ¢ BRIOOPOM MPY>KUHHBIX
1 paboumx HArpy3oK W HET
moBecok (3ransl 1-4) N .
KECTKOCTEH NPYKUH
2 TTonnabIi c 3ajaHueM | Pacuer ¢ 3aJaHHBIMU HET
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XapaKTEePUCTUK MPY>KHUHHBIX | KECTKOCTIMHU u
MoBeCOK (31arnbil-4) pabounmu  Harpy3KamMu
PYKUH
o ., | Pacuer ¢ ompeneneHuem
[omupii  “KOMOMHUPOBAHHEIH" p
8 TOJILKO pabounx HET

(atam 1 pacuera 1 + pacuer 2)
Harpy3oK NpyXuH

Pacuer ¢ omnpeneneHuem

Pacuer 1 + ”momonHUTENLHBIE”

10 . abouMx HArpy3oK H a
3Tambl 3 + 3Tan UCHBITAHUH p . . Py A
JKECTKOCTEN MPY>KUH
Pacuer ¢ 3amaHHEIMH
11 Pacuyer 2 + momonHUTENBHBIE” | KECTKOCTIMH u 2
JTansl 3 + 3Tan UCIBITAHUHA pabounMu  Harpy3kaMu
TIPYKHUH
[omupii  “KOMOMHHPOBAHHEIH
Pacuer ¢ ompenenenuem
(oram 1 pacuera 1 + pacuer 2) +
12 TOJIBKO pabounx na

”IOIIOJIHUTENIbHBIE” JTambl 3 +

o Harpy3oK IIpy>XuH
OTaIl UCIIBITAHUU Py Py

PesynpraTamMu pacuera (B 3aBUCHMOCTH OT BHZA) SIBJISIOTCSA: Harpy3kd Ha
MIPOMEXYTOUHBIC ¥ KOHLIEBBIE OIOPHI, TIEPEMEICHNS, BHYTPCHHHE CHIIOBBIC (DaKTOPBHI
(B oOmICH W/WIT MECTHOW CHCTEMaX KOOPIHHAT), PACUCTHBIC TPYIIIBI HANPSHKCHUH B
CCUCHUAX-DJIEMEHTaX CYINEepAJIeMEHTOB (B TOM YHUCIE OTBOJAX, T'MOax M KOJeHaX,
“HCHOPMAJIM30BAHHBIX JIMH30BBIX M CHJIb(OHHBIX KOMIICHCATOpPaX) M TPOWHHUKAX.
st kpyTonsornytoro ruda (mpu 06e3pasMepHOM reoMeTpudeckom mapamerpe A<I,4)
IpU TPEBBILICHUHM PACUETHOIO HANPSIKEHHUS HaJ JIONMYCKAaeMbIM BBINOJIHACTCA
YTOUHEHHBIN pacueT HanpspkeHusi (rpynmel 3 u 4). B ciyuae npeBblmeHHs
JIOITyCKAE€MbIX HaNpsDKEHU B TPOWHHUKAX JOMOJHHUTEIBHO MPOBOAMTCS pacdeT Mo
yrouHeHHOH Metonuke (tonbko it ACTPA-A3C no 2, 3, 4 rpynnaM HanpsHKEHHH).
IIpr  COOTBETCTBYIOIIMX pEXUMax pacdeTa MPOU3BOJUTCA TaKXkKe IOR00p
ONTHMAIBHBIX MPYXUHHBIX MOJBECOK W MPYXHHHBIX OIOpP C ONpPEACICHHEM HX
XapaKTEepUCTHK (CTPyKTypa Iemel, 3aTsDKKH, OCaJKd, BUAWMBIE U  IIOJIHBIE
nepeMellieH s, M3MEHEHUs] Harpy3oK IIpH IMepexoJie M3 XOJOJHOro B pabouee
COCTOSIHHE, BBICOTHI NPYXKUH B XOJIOJHOM M pabodyeM COCTOSHMAX, 3aTSDKKH B
MOHTQ>XHOM COCTOSIHHH).

Oman 1. Pacuem Ha cmamuyeckylo npOYHOCMb NOO  Oelicmeuem
HecamoypasHo8eennblX Hazpy30K (Oasnenus u 6eca 6 pabouem COCMOAHUU).
OnpenenstoTcs nepeMelieHns, IpuBeAeHHbIE U JoMycKkaeMble HanpskeHus (Tpymnna 1
— OT HAeHCTBMS [aBJIEHUS W Tpynma 2 — OT BCeX HArpy3ok), pabouue Harpysku
MIPY’KUHHBIX TIOABECOK (U1 PacdyeToB C MOJAOOPOM XapaKTEPUCTUK MPYKUH HIH
OIIpeJIeTICHUEM TOJIBKO MX Pad0YMX Harpy3oK), Harpy3Kd Ha ONOPHBIE KOHCTPYKLHUH,
000py/IOBaHUE U Y3JIbI, YCIIOBHOE JIaBJIEHHE BO ()IAHIEBBIX COEIMHEHUSX, CHIIOBBIC
(haKTOpHI B CCUCHUSAX.

Oman 3. Pacuem na yuxkiuueckyio npouyHOCmb. YUHUTBHIBAETCS BHYTpPCHHEE
JIaBJICHUE, TEMIIEPATYPHOE PACIIUPEHHE, “‘COOCTBEHHBIE” CMEIIECHHS TPOMEXYTOUHBIX

Mocksa, 2023 95



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2023

OIIOp W 3alIEMJICHHBIX KOHILIOB IPH MEPEXOJie M3 Pabodero COCTOSHUS B XOJOZHOE.
Omnpenenstorces IepeMeneHus], MPUBEICHHBIC U AOIyCKaeMble HaNpspKeHUs (TpyIsI 3
M 4 a0 HU3KOTEMIIEPATYpPHBIX M rpynna 4 Juis  BBICOKOTEMIEpaTypHBIX
TpyOOIIPOBOAOB), YCJIOBHOE JiaBlieHHE BO ()JIAHIEBBIX COEIUHEHHSX, THIBI |
XapaKTEePUCTHUKU TPYKHUHHBIX MOABECOK, MX 3aTsHKKa M OCallka, CUIIOBbIE (haKTOPHI B
CEUCHHX TPYOOIpOBOIa.

Oman 26. Pacuem Huskomemnepamyphvlx mpyoonposooos Ha 0elicmeue 6cex
Hazpy30k. YUHUTBIBAIOTCS BHYTPEHHEE JaBJIEHHE, BECOBas Harpyska, TeMIepaTypHOe
pacmmpenue (caMOKOMITCHCANHs), “‘COOCTBEHHBIE” CMEMIEHHUS TPOMEKYTOUHBIX OIOP
W 3alIEeMJICHHBIX KOHIIOB, MOHT@XHas pacTsDKka B padodeM  COCTOSIHHH.
Ompenensiorcss MEepeMEICHNsI B pacdeTHBIX CEUYCHHUSX, YCIOBHOE [aBJICHHE BO
(aHIEBBIX COEAMHEHUSIX, CHJIOBBIE (DAaKTOPBI B CEUEHUSX, Harpy3KH Ha OIOPHBIE
KOHCTPYKIMH, 000pyIOBaHHE U y31bI B paboueM coctosHuH. OMpenensioTcss TakxKe
Harpy3kyd Ha OIIOpHBIE KOHCTPYKIMM M OOOpYIOBaHHE B XOJIOJHOM COCTOSIHUH, 32
UCKITIOUYEHHEM CJIydas yueTa TpeHus 1o meroauke [ 'mnpokayuyka.

Oman  2a. Pacyem  8blcOKOMEMNEPAmMypHulX  MPYOONPOBOO08  Ha
CMAamu4ecKylo  NpoOYHOCMb  NOO  OelcmeueM  HeCaMOypPaGHOBEUIEHHbIX U
CAMOYPABHOBEULEHHBIX HAZPY30K. YUNTHIBAIOTCS BHYTPEHHEE MaBJICHUE, BECOBas
Harpy3ka, TeMIIEpaTypHOEe pacUIMpeHHe (CaMOKOMIIeHcanus), ‘“‘coOCTBEHHBIE”
CMEULICHUs 3alllEMJICHHBIX KOHIIOB, MOHT&)KHasl PacTsDKKa B paboyeM COCTOSIHUH.
OmnpenenstoTes: MepeMeIIeHNs B paCUeTHBIX CEUEHUSX, IPUBEICHHbIC U JJOMyCKaeMble
HaNpsDKEHMST TPYIIIBI 3, YCIOBHOE JaBiieHHE BO (MIAHIEBHIX COCTUHEHHSX, CHUIIOBBIC
(haKTOpBI B CEUEHMAX, HATPY3KH HA OMOPHBIE KOHCTPYKIMH, 000OPYAOBaHUE U y3IIBI B
pabodeM COCTOSHUH.

Oman 4. Pacuem naecpy3ok 6 Hepabouem cocmosHuu. YUUTHIBAIOTCS TE XK€
BO3ACUCTBHUS, 4YTO W Ha JdTame 2 Ui XOJOoAHOro (Hepabodero) COCTOSHUS
TpybonpoBoga. Ompenensiorcs NEepeMEelIeHHsS B PACUCTHBIX CEUYCHHUSAX, CHUJIOBBIC
(axTOpBI B CEUCHHSX, HATPY3KH HA OTMOPHBIE KOHCTPYKLIUH, 000PYIOBaHHE U Y3IIbI.

Peocum  eudpo(nueemo)ucnoimanuii.  ONPEIENAIOTCS  MEPEMCIICHUS B
pacyeTHBIX CEYEHUSIX, CHIIOBbIE (PAKTOPHI B CEYCHUSX, PUBEJICHHBIC U JIOITyCKaeMbIe
HanpspkeHus (rpynmsl 1 u 2), Harpy3K Ha OIOPHbBIE KOHCTPYKLUH, 000pyJOBaHHE H
y31bl O PEKHMMOB “paclyll€HHBIX U 3aKIMHEHHBIX MNPYXHH. Eciau HpyXHUHEBI
3aKAUHEHbl, TO Il TPYOONPOBOJOB C OJHOCTOPOHHMMH OHOpamMH (B T.4., U C
KECTKUMH TIOJIBECKaMH) Ha JTale MWCHBITAHMH TPOBOJATCS WTEpalud Mo
YCTaHOBJICHHSI HICTHHHOTO CTaTyca OAHOCTOPOHHUX OIOp (OTPBIB MM KOHTAKT).

Honoanumenshvle pedicumovl (3manvi 3). ONpEIENAIOTCS NEPEMEIICHHUS B
pacyeTHBIX CEYEHUSIX, CHIIOBBIC (DAKTOPHI B CEUCHUSX, NPUBEICHHBIC U JIOITyCKACMBbIC
HanpspKeHus (Tpynmsl 3 u 4).

Bunsr (HOMepa), 3Tambl, Harpykarompe (pakTopbl M pe3ynbTaThl pacdera
TpyOOIIPOBOAHBIX CUCTEM Ha CTATUYECKYIO M IIUKINUECKYIO IPOYHOCTH MIPEACTABICHBI
B Tabmuuax 5.1 — 5.5 na npumepe orpacnesoii Beteu ACTPA-AIC.
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Tabmuua 5.1
HuzkoreMnepatypHble TPyGONpoBoabI 6e3 TpeHus U ¢ TpeHueM no Meroauke HITO IKTH
Bunbi (Homepa), 3Tanbl U pe3y ibTaThl pacdyeToB o nporpamme ACTPA-CTAILL
Bun Hanveroparse | Srammt 3HaueHHs NepEeMEHHBIX apaMeTpoB _
(HOMED) AcuiTa acasta | Koo | P rluls | E P Vuér PesynbraTsl oTana pacyera
pacuéra p p i P15 ] 9% | rpenus
| Kelo|o|o|O|E|p|P]as| - [PL.u).(o)<[o]2(o), <13[c]?
C BBIOOpOM -
1 NpPYKUHHBIX Il KHP 0 ty | Uy 0 EX p 0 0 + P3y ' Knr ’(u)lll ’(O-)RK < [O-]RK ?’(GzzF )K = [O-uF ]9
MIOJIBECOK P ) Harpy3ku Ha onops! ¥ y37bI B XOJIOJHOM H
I O | Pu|ty|Un| 0" |BEp| P |Ps|Cs| * pabodeM COCTOSHHUH
I o |PI{O|0|O|E|p|Pa| - [W)(0):=[o] (o) <13]
C 3ama”HHbBIMU
2 MPY>KUHHBIMU 1l KI‘[P 0 tH Un 0 EX p 0 0 + (u)lll ' (O-)RK < [O- RK ?! (GaF)K = GHF]?
TOJIBECKaAMHU P / Harpy3ku Ha onops! ¥ y3716I B XOJIOJJHOM U
I O | Pu |ty Un| 0" | Br| P | P50 " pabodeM COCTOSHUH
Ha neiictBue
7 Harpy3ku B v o [P lololo|Es|0]P|as ) Harpy3ku Ha onops! ¥ y371bI B XOJI0JHOM
XOJIOJHOM COCTOSIHUU
COCTOSIHUU
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Ta6nuia 5.2

HuskoTremnepatypHbie TPY0ONIPOBO/IbI ¢ TPEHHEM MO0 MeTOAUKE HHCTUTYTA “I'unpokayuyk”

Bunbi (Homepa), 3Tanbl U pe3y/ibTaThl pacdyeToB o nporpamme ACTPA-CTAILL

Bun 3HaueHHsI NEPEMEHHBIX TAPaAMETPOB
(momep) Hantizzzz}me 3;122; K p rluls|E p Vuér PesynbraTsl 3Tana pacuéra
pacuéra P p o P13 % | penns
| Ky| 0 |0]0|0|Ep|p|Pslas| - [PL.) (o) <[o]2 (o), <13[c]?
Harpy3ku Ha omopsl U y311bl B pabodyeM
C BeIOOpOM 1B 0 Po |ty |uq| S |Ep| p|Ps]|0s + by 3 P y P
coctostHuH, P,
1 TPY>KAHHBIX
TTOBECOK v K| P2 0] 0] 0|Ec]O|Ps|gs| + Harpy3ku Ha omopbl ¥ y3JIbI B XOJI0XHOM
: COCTOSIHHH
I=15-1V P Ky (@) <[] 2 (000) <o ]2
! 0 |Pi|0]0|0|E|p|Plas| - [W).(o)<[oP (o), <13[0]?
Harpy3ku Ha OmopsI 1 Y376l B pabouem
P !
C 3a1aHHBIMU 1B 0 Py |th|ua| O |Ep| P |Ps|0s + S —
2 MPYKUHHBIMU ;
TIOJIBECKaMHU v K| P2 lo]0|0|EO|P]gs| + Harpy3ku Ha OmopbI U Y3116l B XOJI0IHOM
COCTOSIHHH
1=115-1V + (u)lll 'P3>y<" (O-)RK < [G]RK ?, (O-aF )K = [O-uF]?
Ha nevictBue
7 HarpysKku B v o [P |olo|o|Edol|r|a| + Harpy3ku Ha omopbl ¥ Y311l B XOJI0XHOM
XOJIOZHOM : COCTOSIHHH
COCTOSIHHU
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Tabmnuua 5.3

BrbicokoTemMnepaTypHbie TPY0ONPOBOABI 0€3 yueTa TPeHUsI/0TPbIBA OT ONOP
Buael (Homepa), 3Tansl U pe3yJabTaThl pacdeTos o nporpamme ACTPA-CTAIL

Bun Hamverosamme | Drarmr 3HaueHHUsI EPEMEHHBIX [TApaMeTPOB
(HOMED) .. .. , Vuér Pesynbratsl oTana pacuéra
pacuéta pacuéra pacuéra | Kpp | Psy T u O | E | p|P:|0s —
| Ky| 0 | 0 0 [0|Er|p|Pslas| - [|PL.(u).(o) <[o]2(0), <[c]?
C 6 I Kpp 0 ty Uy 0 Ex P 0]0 - P3>3(/ ’Knp ,(U)“I ' (O-aF )K = [GaF ]'7
1 Hp;fiil/lzgl(;\;[( A o | pr s| e p ) Harpy3ku Ha OmopbI U y3IIbl B
HOABECOK wo | A | 2 PP pabouem cocrosiumi, (¢ )y < [0 ] ?
Harpy3ku Ha OTIOPBI U y3IT6I B
*|-ot, |-ou -
v 0| P . o | O Bx | O] Ps)Gs XOJO/THOM COCTOSTHHUH, (0)oq <[] ?
| 0 |Pr| O 0 [O|E|p|P|as| - [W).o)<[ol(o),<lol,?
. M [Kgp| O |ty | uy [O|Ex|plO|O]| - [Pl (o) <lo..]?
2 Hp??iif;ﬁg A o | pr s| e p ) Harpy3ku Ha OmopbI U y3J1bl B
TTOBECKAMH wo| A | e PP PG pabodeM coCTOSHUH, (O')RK < [0' a7
Harpy3ku Ha OmopbI U y3J1bI B
X |-, |-du -
v 0 | P i w | O Br | 0| Ps]Gs XOJIOIHOM COCTOSIHUH, (0 )q < [0' w2
Ha netictBue
Harpy3ku Ha Omopbl U y3Jibl B
7 I v | o | P |-at, |-du,|0|Ey|O|P]|as| - by P y( o <[ 2
JTHOM XOJIOJTHOM COCTOSTHUH, (O )o < |0 o 7
COCTOSIHHHU
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Tab6muma 5.4
BbicokoTeMnepaTypHblie TPyOONIPOBO/ABI C TPEHHEM N0 MeTOAUKE HHCTUTYTA “I'mnpokay4yk” ¥ OTPLIBOM OT OIOP
Bujbl (Homepa), 3Tansbl M pe3yJbTaThl pacyeTos 1o nporpamve ACTPA-CTAILL
3HaueHHs NEPEMEHHBIX TapaMeTPOB

Bun | HammeHoBanue Jtansl

(Ne) pacuera pacueta | Kpp | Psy T u ' | E|p| P3| Qs T;/;:I:ﬂ PesyneTatsi otama pactiera
I Ky | 0 0 0 0 |E|p| P g ) Py () (o) <[o](0), <[c]?
Harpy3ku Ha omops! 1 y3I16I B
C BEGopom A 0 P/ Py P s | Er|p| Pl s + paboyeM COCTOSHUH,
1 MPY>KUHHBIX (O' )RK < [O' R 7
IIOABECOK Harpy3KI/I Ha OIIOPLI U y3JIbI B
IV 0 P}: - 5tH - 5uH 0 EX O P3 q3 + XOJIOJHOM COCTOSHHH,
(O-)RK S [O- RK ?
il Knp 0 ty Uy 0 Ex p 0 0 - PS 'KIIP’(U)III ’(UaF) < [UaF ]?
| 0 | P 0 0 0 |Er|p|Ps|as - W), (o). <le].(e), <[o].?
Harpy3ku Ha omopsI 1 y3I16I B
A 0 P’ P P S Ep | p| Pl s + paboyeM COCTOSHHUH,
C 3amaHHBIMH (O-)RK < [O. 2
2 MPY>KUHHBIMU
Harpy3ku Ha onops!  y3716I B
MOJIBECKaMHU
IV 0 P}: - 5tH - 5uH 0 EX O P3 q3 + XOJIOJHOM COCTOSHHH,
(O-)RK S [O- RK ?
M | Ke| O | t | uw | 0 JEe|lp|O 0] - |WP(owh=lo.]
Ha nefictaue Harpy3ku Ha omops! u y3iibl B
7 Harpy3KH B v 0 PX | -ot, | -ou, 0 | E|0|P|as + XOJIOZAHOM COCTOSIHHH,
XOJIOTHOM : ( ) < [ 5
COCTOSTHHU O)rx =10 Jrk
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Tabmuma 5.5

Hu3sko- u BbIcOKOTEMIIepaTypHble TPYOONIPOBOABI (C y4€TOM JA0NOJHUTENbHBIX PesKMMOB U UCTIBITAHUIA)
Bujbl (Homepa), Tanbl M pe3yJbTaThl pacyeTos 1o nporpamvme ACTPA-CTAILL

Bun |HaunmenoBanu 3Ha4yeHNs IepPEMEHHBIX TapaMeTPOB
(Homep) e Oramnsl pacueTa , Vuér Pesynbrathl oTana pacyera
pacuera|  pacuera Kup|Poy | T U 67| B p | Ps| s TpeHus
Orarnbl pacyera Nel
OIIOJTHUTCIIBHBIC
leeX(I/IMLI (I _<3) KHP 0 ti uy, 0 EX Pi 0 0 - (U)III '(O-)RK = [O-]RK '(O-aF)K < [O-aF]
IlonHelii ¢ pr (u)f
C 3aKIMHEHHBIMA v U

BBI60p0M = Ky| O t-| 0|0 |Er Pr| Ps | Qar - 7h 7h Th h
10| ykmmmex : TPyKUHAMH (o) <135[c]" (o) <17[o]

MOJIBECOK = Kgp| O |t | 0| O |Er|pr| O |4dgs| - |Homranl, Py,

g C pacnyuieHHbIMH Momoran 2, (u),
Npy>KUHAMH olP'|lt-l0olo0|E P - '
1T TR e sassol (o) <17l

TTonHbI# C Orarbl pacuyera Ne2

11 3aIaHHBIMH Jononuurenbaeie pesxumMsl (I <3)
Py >KHHAMH HcnpeiTanus (cM. pacuér Nel0)

8 Oran | pacuera Nel + pacuer No2
12 Pacuer No§ + morosHUTEIBHBIE PEXUMBI +HCITBITAHUS
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VcnoBHbBIE 0003HAUYECHUA:

Mockaa, 2023

Kj;p — KECTKOCTD NPY>KUHHOH LIETIH;
P3y —Harpyska Ha IPY>XHHHYIO OIIOPY;
Ky — ycnoBHas )kecTKOCTh IPY>KUHHOM 1end (“abcomoTHast” KECTKOCTD);
T — nepenaz TeMIeparyp;
U — repeMelIeHus 3aIeMIIEHHBIX KOHIIOB U OTIOD;
0’ — MOHTQ)XHBIN PacTsIT;
E — Monyns ynpyroctu;
p — naBicHUE;
P3 — cocpennoroueHHBIE HATPY3KH (CHIIBI © MOMEHTHI);
3 — pacmpenenéHHas Harpy3Ka;
¥ —  KodppuumueHT  “ycpenHEHHs KOMIIGHCALMOHHBIX  HANpsDKCHMH Ui
BBICOKOTEMIIepaTypHbIX TpybOompoBogoB; B ACTPA-TOC Bmecto y Ha ostame |IA
npuaumaercs 0,5y (B coorBerctBuu ¢ PJI 10-249-98);
0 — ko3 durueHt “penmakcanuy’ KOMIICHCAIIHOHHBIX HAIPSHKCHUH;
“Yuer TpeHus” — WUTEPAUUOHHBIA y4eT TpeHHs 00 ONOpHI, OTPHIBA OT ONOP M KECTKHX
TIOJJBECOK;
Osr= GstAqr;
Aqr=-1(DI2-S)* Vs
Yruzp — PA3HOCTb MEXKJIY yJENbHBIMH BECAMH CpPEJl, 3aMOJHAIIMMH TPyOONpOBOJ, NpU
UCTIBITAaHUSAX U B PA00OYEM COCTOSHHH.
“H” — HOMHUHAJBHBIA, “p” — paboumii, “x” — XOJOAHBIA, “T” — HCHOBITAHUS, I
JIOTIOTHUTEIbHBIE PEKUMBI;
U; — pacu€THbIE IEPEMEILCHHS i-TO JTaIa;
P3

v — CHJIa 3aTsra Npy>XUHOH OIOpBI BHE TPyOOIPOBOAA;

[o—]:min {R;OYZ /15;R /26;R! / 1,5} — IIOIyCKAEMOE HAIIPSIKECHHE;
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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), / R}

mt ’

[0 =min {o],.,K/RT, /15}; K! =175 -0375(c), / R,

[6]™ — nomyckaemoe HampsvKeHHe PH TeMIIEPaTypPe HCITbITAHHIA;

PP =-u]-K, - s pacueros 1, 10; 3anannas paboyas Harpyska — Juis pacyetos 2, 11, 12;
Ps?\(/ = P3§J/ +(U|” —u, )'Knp N;

Uy — BEpTUKAIBHOE TEMIIEPATYPHOE NIepeMEICHHE CEYEHHS IOBECKH;

Uz — COOCTBEHHOE BEPTUKAIIBLHOE ITePEMEIIeHIe TOUKH II0(Beca IIPYKHHHOW OTIOPHI;
N — gmcino mermneit (TAr) NPYXHHHON OTIOPHI;

5 P 3 .
Psy - Psy +(U” -u, )'KnP'Nv
U|3I — BEPTHUKAJIBHOC NCPEMCIIICHUEC Ha 3TAlIC 2,

P, — Harpyska Ha IPyXKMHHYIO OMOpPY MPH UCTILITAHUSAX;

HPY)KI/IHLI PpU UCOBITAHUAX 3AK/IUHEHbL.
r_ _ 3. .
Pay - u/' Ky ’

Ui — MaJIO€ PACYCTHOC BCPTHKAJIBHOC IMCPCMCIICHUC B TOYKE MNOABCCKM Ha ITalle

UCTBITaHUH (MACATbHOE 3HAYEHHE PABHO HYIIIO).
[Tpy>XUHBI IPU UCTBITAHUSIX PACHYULCHBL.

r_pr 3 . r _pr .
Pay_Ps _ur'KnP'N1 P3 _P3y+(u|||_un)'KnP'Kt'N’

3

r— BepTl/IKaﬂbele HepeMelﬂeHHﬂ Ha HepBOM nmoasTare le/l UCIIbITAHUAX,
K — k03 HULHEHT, YINTHIBAIOIIMN BIHSHUE TEMIICPATYPBI IIPH UCIBITAHUSIX;

Kt = (tPAE _tXOﬂ -t )/(tPAE _t)mﬂ ) tf = (tf”ﬂP _tXO»” )
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5.5. Ilporpammustii Moayab ACTPA-®OPM

Mognyne ACTPA-@OPM 1103BONSET ONpENeIuTh TpedyeMoe Yucio (WiId B
TpeOyeMOM YacTOTHOM JTHana3oHe) HU3MINX COOCTBEHHBIX 4acToOT U (opM KoseOaHuit
TpyOOIIpOBOAHOW  cHCTEMBL. Macchl  TpyOOIIPOBOZOB M TEXHOJIOTHYECKOTO
000py/IOBaHUs TIPEACTABISIOTCS B BHJE COCPEAOTOUEHHBIX Macc, NPHBEICHHBIX B
3aJlaHHBIC TOYKH (CEYCHHs) PACUECTHOW MOJend W(WIH) B CEUCHHs], EHEPHPyEeMbIe
cpeactBamu npenponeccopa IIPE-ACTPA. Maccsl IMEIOT 10 MIECTH (TpH JIMHEHHBIX,
TPH YTIIOBBIX) CTETICHEH CBOOOIBI.

Tpenne B ONMOPHBIX KOHCTPYKIMSIX MOKET OBITH YYTEHO (TI0 JKEIAaHHIO) IO
OPUTHHAIBHON  «HMH)KEHEPHOM» METONUKE: JKECTKOCTH «TPEHUS» TPH 3TOM
HUMIIOPTHPYIOTCS M3 MOAYJEH CTaTHYECKOro pacdera M MOTYT OBITh, 11O JKEITaHHIO
MOJIb30BATENs, MaclTabupoBaHel. Bo3MOXeH y4yeT OOKOBBIX JKECTKOCTEH B
NPY>KHUHHBIX U XKECTKUX ITOJIBECKAX.

MakcumanbHOe YMCII0 INHAMUYECKHX cTereHel cBoboapl moaenu — 60 000.
KonnuecTBO BBIYHCISIEMBIX M YUUTHIBAEMBIX B pacyeTe COOCTBEHHBIX 4acTOT U (opm
kousiebanuii — 1o 4 000.

Ha xaxmoM ydYacTKe-Cymep3JICMEHTE MOXKET OBITh JIOTMOJHUTEIBHO (K
“crarmueckuMm” omopam) 3amaHo jgo 100 amopTu3aTopoB — oOmmop, 0O0JIaTArOIIUX
3aJJaHHBIMH JWHAMUYECKUMH JKECTKOCTSIMH, HO HE MPEITCTBYIOMINX CTATHUYECKUM H
TEMITEpaTYPHBIM NTEpPEMEICHISIM TPYOOTIPOBO/Ia.

BrrancienHsle COOCTBEHHBIE YacTOTHI W (OPMBI KoJeOaHWHA MOTYT IJHOO
HETIOCPEJICTBEHHO HCIOIb30BAThCSl TPH OLEHKE BHOPONMPOYHOCTH (OTCTpOHMKa OT
pesonanca, cM. [1, 2, 3, 4]), mu6o npumensaThes nporpammamu ACTPA-CEHCM (cw.
n. 5.6), ACTPA-BHEP (cm. n. 5.7) u ACTPA-/IHH (cM. 1. 5.8) npu pacueTHOM
aHaJM3e CeWCMMYECKOW, BHOPAIIMOHHOW M JIMHAMUYECKOW peakiMu TPyOOIpOBOJIOB
METOJIOM Pa3JIOKEeHHUs 110 COOCTBEHHBIM (hOpMaM.

5.6. Mporpammuslii Moayas ACTPA-CEHCM

Mogmyns ACTPA-CEHCM BpmonHseT pacyeT TPyOOIpPOBOIHBIX CHCTEM Ha
CEICMOCTOMKOCTh KaK OT JEHCTBHS TOJBKO CEHCMHUYECKMX Harpy3oK, Tak H OT
COBMECTHOT'O JEHCTBHUSI JaBJICHUS,, COOCTBEHHOTO Beca CHCTEMBI M CEHCMHYECKOTO
BO3JelcTBUsA. B KadecTBe CEHCMUYECKOrO0 BO3JEHCTBUSI MOXHO 3a]1aBaTh CIEKTPHI
OTBETOB W/WJIN OTBETHBIC AKCEIEPOTrPaMMBbl 3EMJIETPSCCHUSI Ha OTMETKE KPEIUICHHS
TpyOOIIpoBOZa B OAHO- WJIM TPEXKOMIIOHEHTHOM BHIE. TpeHHE B OIOPHBIX
KOHCTPYKIUAX MOXET OBITh YYTCHO (IO JKENaHWI0) MO “MHKEHEPHOH METOAWKE .
5.5. Bo3amoykeH ygeT O0KOBBIX KeCTKOCTEH B MPYKUHHBIX U )KECTKUX MOJBECKAX.

IIpumenenne mporpaMmsbl AJIsl OLEHKH CEHCMONPOYHOCTH KOPPEKTHO IS
TpyOOIIPOBOAHBIX CHUCTEM, IOJHOCTHIO YAOBIICTBOPSIOIIMX YCIOBHSM CTaTHYECKOM
npoutoctd (ACTPA-CTAL).
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Pesynpratamu  pabotel  mporpammbl  ACTPA-CEHCM  sBasiotcs:
CeliCMHUYECKUE MEePEMEIICHHUs, YCKOPEHNS, IPUBEICHHBIC HAIPSDKCHHUS TPYIIBL (Os),
(ACTPA-ADC) wnu pacdeTHbIE HANMPSKEHHUA Omms U OmmstOps (ACTPA-TIC) B
CEUEHHMSAX  CymepdJeMeHTOB  (“y4acTKOB”) ®  TPOHHHKOBBIX  COCOUHEHUSX,
celiCMUYecKne Harpy3KH Ha TpPY)XUHHbIE M JKECTKHE IIOBECKH, aMOPTHU3ATOPHI,
OIIOpHBIE KOHCTPYKIMU W 00O0pyJOBaHUE, CUIOBbIe (DakTOpbl B MECTHOH u 0Ouien
cucrteMax KoopauHar. [Ipy OJHOBpEeMEHHOM 3aJaHMU HECKOJbKHX BapUaHTOB
CeMCMHYECKUX BO3JEHCTBHH BO3MOXEH BBIOOP MaKCHMAIIBHBIX IEPEeMELICHUH,
HaNpsDKEHUH W Harpy30K 110 BCEM BBEAECHHBIM BO3/ICHCTBUSIM.

CelicmMuueckoe BO3JIelicTBUE XapakTepusyercs CIeIyIOUUMU
OTPaHUYEHUSIMU: YHCIIO TOYEK (YaCTOTa-yCKOPEHHUE) MPH 3aJlaHUU CIEKTPa OTBETOB —
or 2 mo 10000, xomm4ecTBO 3amaBacMBIX TOYEK (BpPEeMsA-yCKOPEHHE) OTBETHOU
aKceleporpaMMEbl 3eMIireTpsiceHrns (MoMeHTOB BpeMeHH) — oT 1 1o 60 000, xommaecTBo
ToueK (IIaroB), ucmoiszyemoe B pacuere — ot 1 no 60 000.

5.7. Ilporpammusblii moxyas ACTPA-BUBP

Monyne ACTPA-BHBP 1ipow3BOOUT pacdeT Ha BHOPOIPOYHOCTH
TpyOOIIPOBOAHBIX cucTeM, peanusys Tpebosanuss Hopm [1, 2, 3, 4, 7-10] u
MOJIOXKCHUST COOTBETCTBYIOIIUX MOHOTrpaduii, peKOMeHIaui U pykoBoAcTB [28, 84,
94] ¢ wucnonb3oBaHMEM aHaKM3a MapaMeTPOB BBIHYXKJCHHBIX YCTaHOBHBIINXCS
JETEPMUHUPOBAHHBIX KoyieOaHui. Bo3MoXeH y4yer OOKOBBIX JKECTKOCTEH B
MPYKUHHBIX M KECTKMX mojBeckaXx. CHIOBOE HarpyXeHHe 3ajaercs s
MIPOM3BOJILHBIX CEYCHUH CXEMBI B OJIMTAPMOHUYECKOM BHJIE.

BemmomnHsroTest 1Ba Buia pacyera:

— ONpeseNeHne JOIyCKaeMbIX aMIUINTYJ BHOpoIepeMerieHnii (yCcuimu,
Harpy30K Ha ONOPHl M 000OpyAOBaHME) MPH KOJeOaHHWIX TPyOOIpOBOAA MO KaXKIOW
YUUTBIBAEMOH COOCTBEHHOH (popMe U3 yCIOBUSI TOCTHKECHUS JIOITyCKaeMOTO 3HAYCHUS
MaKCHMaJIbHBIMH HAIPSKEHUSIMU;

— pacyeT mapaMeTpOB BBIHYXKIEHHBIX YCTAHOBUBIIUXCS KOJ€OaHUI
(aMmIUTY I IEpeMeNeHUH, Harpy30K 1 HANPsDKEHHUH) TP 3a1aHHBIX BUOpOHArpy3Kax.

BpinmonHeHHBI  pacueT NO3BOMSIET J1aThb OLEHKU [0  CIEIYIOLIUM
HOPMAaTHBHBIM KPUTEPHSIM:

1) oTcTpoiika HU3MIMX COOCTBEHHBIX YaCTOT KOJieOaHWU TpyOOIpOBOAa OT
JETEPMHUHUPOBAHHBIX YaCTOT BO30YKIAIOIIMX HATPY30K;

2) oTCyTCTBHE BUOPOYAAPHBIX PEXUMOB PaOOTHI CUCTEMBI TPYOOIIPOBOIOB;

3) nmuKIMYecKas IPOYHOCTH 3JEMEHTOB TPyOOmpoBoJa C  y4eTOM
BHUOPOHAIPSDKEHUH.

PesynpraTamu pacuera SBISIOTCS aMIUIMTY.bl IEPEMEILEHUN U HaNPSHKEHUN
BO BCEX pACYETHBIX CEUYCHUSIX (B TOM dUHCIE, B TPOWHMKAX), JOITyCKacMbIe
HalpsDKeHHS. JUIsT  PasiudYHbIX KO3((GHUINEHTOB ACHMMETPHU IIMKJIOB, CHJIOBBIC
(dakTopel B MECTHOH CHCTEME KOOPAWHAT ISl KaXKIOH COOCTBCHHOW win
BBIHY’K/IAIOILEH JaCTOTHI.

KomnyectBo ceueHwmii Ha ydacTke (CymepasieMeHTe), B KOTOPBIX MOXKET
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neiicrBoBarh nmoaurapMornyeckas cuiaa — 300. Huciio rapMOHUK B 3a1aBacMOi CHIIE —
50.
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5.8. IIporpammuslii moxyab ACTPA-/IHH

Mopnyne ACTPA-/IHH ocyuiecTBiIseT pacueT TpyOOIpPOBOIHBIX CHCTEM Ha
HEYCTAaHOBUBILIMECS JWHAMUYECKHE IMPOLECChl, B COOTBETCTBUH C TpeOOBaHUSIMU
Hopwm [1-4, 7-10] B yacTu OLlEHKH MPOYHOCTH TPU HECTAIIHOHAPHBIX (IEPEXOIHBIX)
peXUMaxX ¥ aHAIN3a aBapUHHBIX CUTYallMl, CBSI3aHHBIX, B YaCTHOCTH, C pa3pbIBaMH
TpyOorpoBooB. Bo3MoxkeH ydeT OOKOBBIX KECTKOCTEH B IMPYKUHHBIX M JKECTKHX
HOJIBECKAX.

CunoBble BO3ICHCTBHSL 3aJalOTCS B TPOHM3BOJNBHBIX TOYKAX CHCTEMBI
TpyOOIIpOBOAa B BHJIE BPEMEHHBIX 3aBHCUMOCTEH JAAaBICHUS M/MJIM COCPEIOTOYECHHBIX
CHJI, OM(POBAHHBIX C PABHBIM MM TIEPEMEHHBIM IIIATOM 110 BPEMEHH.

PesynpraTamMu pacueTa SBISAIOTCS MAaKCHMaJbHBIE (32 BpeMsI BO3ICHCTBHUA)
MEpEeMEIIEHNs], YCUIUs Harpy3Kd Ha OHOPbI M Y3Jbl, aMIUIUTYIbl IPHBEICHHBIX
HanpspDKeHnH (rpymma 4).

JimHa peanu3zanuu (YUCIO TOYEK O BPEMEHH 3a/laHMsl HArpy30K U IIaroB
uHTerpupoBanusi) He pgommkHo mpesbimare 60 000. KommuectBo mpoekiuii
JMHAMHYECKUX CHJI (BEKTOPOB), NEWCTBYIOIINX Ha pacyeTHyto cxemy — 1o 2 000.

5.9. Ilporpammublii moayib ITPE-ACTPA

Mopnyne ITPE-ACTPA o6ecnieunBaeT CIEAyIOUIHE PEKUMBI IOJTOTOBKH
panuoHansHOU pacueTHON moaenu Juia cemerictea ACTPA-HOBA’2023 :

— JMaJIOrOBO€ 3a/laHU€ PAacuYE€THOM MOJENIU C UCHONb30BaHUEM MPOTOTHUIIOB,
0a3 maHHBIX (MO0 MaTepuanaM, THIIAM TIPYHTOB, COPTAMEHTaM TpyO, OTBOJOB,
TPOMHHMKOB,  IEPEXOIOB,  apMaTryp, (IAHIEB W  JIMH30BBIX/CHIH(POHHBIX
KOMIIEHCATOPOB, TNPY)XUHHBIX M >XECTKUX MOABECOK, ONOP CKOJBXEHHS/KadCHUs,
ceiicMo-, BHOpO M JIUHAMHUYECKMX BO3JACHCTBHIA), BH3yaJIM3alMeil TeoMeTpuu
YYacTKOB, IPOBEPKOM BBOAMMBIX TAHHBIX U IPYTHMHU BO3MOXKHOCTSIMU;

— aBTOMATH3MPOBAaHHAsI PACCTAaHOBKA Macc (JUIsI JUHAMUYECKHUX PacueToB);

— BH3yanM3aUus pacueTHOW Mojenu (1Mo OONBLIIOMY W MOCTOSIHHO
TIOTIOTHAEMOMY Habopy mapaMeTpoB);

— OIpeJieNIeHHe U BU3yalu3alysl KOUIM3UN — HEAOMYCTHMO MaJlbIX 3a30pOB,
KacaHW U iepeceucHuit TpyoO.

PacueTHbIe KOMITOHEHTHI CIIEKTPa YCKOPEHHUH 8; MOTYT OBITh HE TOJIBKO SIBHO
3aJjaHbl I10JIb30BaTeNeM (WJIM BBIOpaHb MM M3 0a3bl CEHCMOBO3IEHCTBHUII), HO H
OINIpEZIeTICHbl MO 33aJaHHOM TPEXKOMIIOHEHTHOW aKceleporpaMMe YHCIICHHBIM
HMHTETPUPOBAHUEM II0 BPEMEHHM YpPaBHEHUH KoyieOaHMH JTMHEWHBIX OCLMUIATOPOB C
MIPEACTaBUTEIILHBIM ~ HAaOOpPOM  3a7aBaeMbIX COOCTBEHHBIX YacTOT M yPOBHE
neMrupoBaHus.

MacmtabupoBanue (3yMMHPOBAaHHE), CABHTH M IIOBOPOTHI H300pa>keHUs
BCce Mozmenu M ee (parMeHTOB, BHIOOp IBETOBOM IAJUTPBI, BHUIOB M JIPYIHX
napaMeTpoB MPU BU3YaATU3aI[MHM PACUETHON MOJIENN OCYLIECTBISAETCSA MOIb30BATEIEM
¢ momoIpi yaobHoro cospemenHoro Windows-unrepdeiica (MaHUMYIHPOBAHHEM
“MBINIBIO” U PabOTON C pa3BUTON CUCTEMOW MeHI0). M300pakeHre pacueTHOW MO IeIH
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TpyOOIpPOBOZa MOKET OBITh BBIBEJCHO OJMHAPHON JIMHUEH, MOKA3bIBAIOLIEH OCEBYIO
JUHHIO TPYOOIIPOBOA, MM OBITE OOBEMHBIM OJIarofapst HCIOJIB30BAHUIO TPEXMEPHOI
rpaguku (mompoOHOCTH — N.6 Hacrosimero aokymenta u B Ceance pabomul c
xomniexcom [76]).

5.10. MMporpammublii Moaysib IIOCT-ACTPA

Monayns IIOCT-ACTPA sBnsetcs “noctnpoueccopom’ kommiekca ACTPA-
HOBA’2023 w oOecrieunBaeT ClIAyIONIME pPEXUMBI pabOThl € pe3yiabTaTaMu
pacyeTos:

— JAWArHOCTHMKA IPEBBIIICHHH pPACUYETHBHIMU MapaMeTpaMH KpPHTEpHaIbHBIX
3HA4YEHWH (HaNPsDKEHMS, Harpy3KH Ha OTIOPHI, IEPEMENICHUS-KOJUIN3HUH. .. );

— BU3Yyall3aLus pacueTHON MOJENH;

— BU3yanu3alys IEpPeMEUICHUH JUIi BCeX 3HAYMMBIX JTaloB pacyera,
BKJIFOYasl OMNpENENCHNEe KOJUIM3UM — HEJOMYCTHMO MalbIX 3a30pOB, KacaHHH W
nepeceueHuii Tpyo B 1e(hOPMUPOBAHHBIX COCTOSHISIX;

— BU3yallM3alusl BHYTPEHHUX YCHIIUIA;

— BH3yaJu3alusl HaNpsHKEHUH C OLIEHKOW IPOYHOCTH IO HOPMATHBHBIM
KPHUTEPUSIM;

— BH3yaJlM3allUsl HAarpy30K Ha OIOpbI, O0OpyIOBaHHE M CTPOUTEIbHBIC
KOHCTpPYKIINH;

— aHUManusg COOCTBEHHBIX (OPM KOJeOaHWH M IMHAMHYECKHX pEeaKnuit
(TepeMeneHni, yCUIINA 1 HaNPsDKEHUH ),

— rpaMKy 3aBECHMOCTH JHHAMUYECKUX PEHICHUH — NepeMeneHIH, YCHITHA,
HaNpsUKEHHH — 0T co6CTBEHHEIX yacToT (-CEMCM, cniextpsl) u Bpemenn (-CEHCM,
akceneporpamwmsl, -JHH);

— BblOOpOYHBIE  (CBOAHBIC) TAONUIBI MaKCHMAJIBHBIX  HAaNpsHKEHHH,
NepeMELLEHUN, YCWINN U Harpys3okK;

— TIOJTHBIE TaOIMIIBI Pe3yIbTaTOB PacyeTa;

— (opmMupoBaHKE OTUETA;

— COXpaHeHHe, TIepenMEHOBaHNE U yialleHHe (GaiioB pe3ysIbTaToB.

IMonpoGHoe onmcaHue NMEepeyUCICHHBIX PEKHMMOB pabOTHI MOCTHpoOIEcCcOopa
npuBe/eHa B 11.6.4 Hactosiuero fokymeHnTa u B Cearce pabomul ¢ komnaexcom [76].

5.11. ITporpammuslii Mmoayab ACTPA-CTAHO

Honcucrema ACTPA-CTAJHO oGecneunBaer yrouneHHBIE MKDJ-pacuer
TEeMITEPaTYPHBIX TOJICH W HANPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSHHS, CTATHYECKOH,
OUKIMYECKON U CEHCMUYECKON MPOYHOCTH CIEAYIOMUX JeTalell TpyOOIpOBOAOB MPH
MIOJTHOM CHCTEME 3HAaYMMbBIX HAarpy30K (BHYTpEHHEE NaBIICHUE, BEC M TEMIEpaTypHbIE
JedopManuy, oceBasi U IONEPEYHbIe CHIIbL, W3rHOAIOMMe M KPYTALIMHA MOMEHTH Ha
TPaHULIAX-TOPIIAX ):

1) TpOMHHMKOB OPTOTOHAJBHBIX M HEOPTOTOHAIBHBIX (KOCBHIX) pajualbHBIX
(CBapHI)IX, MTAaMIIOCBAPHbIX, HITAMIIOBAHHBIX W KOBAHBLIX, CO CBAapHbIMU MIBaAMH,
HaKJIaJIKaMH 1 IJIAKUPYIOIIUM CJIOEM);
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2) orBo#OB (TMOOB, KOJIEH) THYTHIX, KPYTOM3OTHYTHIX, IITAMIIOBAHHBIX H
CEKTOPHBIX C YYETOM OJIUIMNTUYHOCTH, PA3HOCTEHHOCTH (II€PEMEHHOHN TOJIIMHBI
CEUEHHSs1) U MPUMBIKAIOIIUX MPSIMBIX TPYO;

3) KOCBIX CTBIKOB;

4) KOHMYECKHUX TIEPEXO0/IOB;

5) TMH30BBIX U CHIL(MOHHBIX KOMIIEHCATOPOB OCEBBIX, YIJIOBBIX U CIBUTOBBIX
(MHOTOBOJIHOBBIX, C y4ETOM IPUMBIKAIONINX NPSMBIX TPYO);

[Moncucrema oOmagaeT OUAIOTOBHIM — TaONWYHO-TpaUUECKHMM Tpe- U
MIOCTIIPOIIECCOPOM, MOXKET OBITh CBsA3aHa C 0a30if JaHHBIX THIOBBIX 3JIEMEHTOB,
TpeOyeT Wb HEOOXOAMMOrO0 MHHHMyMa WHGOpPMAalMy I aBTOMAaTHYECKOH
TeHEepaIMK ONTUMAJIBHBIX MO0 TOYHOCTH MPOCTPAHCTBEHHO-000I0YEUHBIX (U1 TOHKO-
U ‘“‘CpemHEeCTeHHBIX 3JEMEHTOB) W OOBEMHBIX (VI TOJICTOCTEHHBIX NeTajed H
CHUCTEMBI  “TpyOONpPOBOA-M30JLIIUA-TPYHT )  PACUETHBIX  KOHEYHOIJIEMEHTHBIX
Mozened. BrlumciauTenbHBIM  “SSAPOM”  CIOYXKHT MOIIHBIA  BepH(PUIINPOBAHHBII
KOHEYHO/cymepaneMeHTHbI komiuteke CTA/HO [9], uMerommuii 60raThlii OCIyKHOU
CIIMCOK HCCIIEIOBAaHHBIX CJIOXKHBIX OOBEKTOB aTOMHOM, TEIJIOBOW U TUIPOIHEPTETHKH,
Pa3IUYHBIX OTPACIIEi CTPOUTENBCTBA U MAIIUHOCTPOCHHUSI.

OCHOBHBIE peaJM30BaHHBIE TUIIOTE3bl: M30TPONHUSl WM JIMHEHHAs YHpPYrocTh
MeTtaia (¢pusuyeckas JIMHEWHOCTh) M MAaloCTh JedopMarui-riepeMenieHuit
(reomerpuyeckas JuHEWHOCTH). [ rpyHTa (1MOA3eMHBIE TPYOONpPOBOJBI) NPHHSTA
¢u3Muecky  HENMHEHHAs  peosorMueckas  MOZENIb  JHEPreTH4ecKoro  THIIa,
3apeKOMEHOBaBIIas ce0sl MPH YHCICHHOM MOJCINPOBAHUM TPEXMEPHBIX CHCTEM
“ocHoBaHne-coopyxenne” [10].

Pe3ynbTaThl pacdera Ipu 3alaHHBIX COYETaHUSIX HATPY30K:

— TEMIepaTyphl (I CTAMOHAPHON 331241 TEIUIONIPOBOAHOCTH);

— nepemelieHus (BapuaHT — MPU EAMHUYHBIX Harpy3kax — Marpuia
MOJATIUBOCTH);

— 3HAaYMMble KOMIIOHEHTBHI IOJHBIX HOPMAaIBHBIX M  KacaTeJbHBIX
HaNpsDKEHNH, TIIaBHBIX HANpPsDKEHWH M MPUBEICHHBIX (IKBHBAJICHTHBIX MO Tpecka u
Mu3secy) Hanpsb>KeHUI Ha BHYTPEHHEH, CpeTUHHON U Hapy>KHON MOBEPXHOCTSIX;

— OIEHKAa CTaTMYeCKOM, NUKIMYECKOW M CceiicMHUYecKOM NPOYHOCTH IO
KPHUTEPHSM, IIPUHITHIM B COOTBETCTBYIOLIMX OTpacisix [1-12].

XapaktepHoe Bpems cuera Ha Pentium 1, 7GHz gns  nuHeHHBIX
MIPOCTPAHCTBEHHBIX M TPEXMEPHBIX 33aad (TPOMHUKH, OTBOXBL...) — 60-200cek, mis
HEJIMHEHHBIX TPEXMEPHBIX 3a1ad aHaJIM3a MOA3EMHBIX TPYOOpoBOI0B — 10 30MHUH.

Ho 2003-2005 rr. ACTPA-CTA/[HO wcnonp3oBajach MPEeUMYIICCTBEHHO
caMHUMH pPa3padOTYMKaM{ TIPH BBIOJHEHWH 3aKa3HBIX HAyYHO-MCCIIEIOBATEIbCKUX
paboT (Kak mpaBWIO, AT YTOYHEHHOTO pacyera JAeTalei, HE YJOBIETBOPHBIINX
kputepusiM npouHocTu npHu pacuere 1o ACTPA-HOBA wnu apyruM mporpammam
pacueTa TpyOOIpPOBOIOB).

Taxkas Bo3MoxHOCTB cymiecTByeT U npusercTByercss HUL[ Cta/luO u ceituac.
Bosiee TOro, HEM3MEHHBIM OCTAa€TCsl NPHUHUIMINAIBHBIA, paHee NPOBO3IIIALICHHBIH
HOAXOM: HPOSPAMMHbIE CUCTHEMbL MAKO20 KAACCA OONICHbI UCHONb308ANLCA MONLKO
pacuemyuxamu-npogeccuonanam.

110 HUILL CraTuO



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2023

5.12. IlnarHocTH4ecKkne 1 HHPOPMANHOHHBIE COOOIIEHUS

5.12.1. O0mue moJI0KeHUusA

JuarHoctuyeckne M WHQOPMAlMOHHBIE  COOOLIEHHS  BBIBOJSTCS
IIpenpoyeccopom, pacueTHBIMH MOLyJIIMH U [locmnpoyeccopom

Bce nmarHoctuueckue W MH(OOPMALMOHHBIE COOOIICHHS, TMOIYyYEHHBIE MPH
MIPOBEPKE 3a7aHHOTO MPOEKTa ¢ IOMOIIBIO IMyHKTa /Ipogepka danHbix MEHIO /lanHble
WIM B TIpolecce pacueTa, IOCTYNHBI Uil mnpocMoTrpa B okHe Coobujenus.
JlONONMHUTENEHO, JUAarHOCTHYECKHE W WH(OPMAIMOHHBIE COOOIIEHHS BBIBOJSTCS B
Daiinvl ucxoouvix oannwvix, harel [Ipesviuernus kpumepues, Ilpomoxon cxooumocmu,
Ilpomokon pacuema n CeoOuvie mabauysl MEHIO Pesyromamvl, a TaKke MpU
BU3yaJIHM3alK pe3yibTaToB pacuéra (cM. Ceanc pabomwi ¢ xommuekcom ACTPA-
HOBA2023).

ITpu mpoBepke 3aaaBaeMbIX W/HIIM BBEICHHBIX B PAacyeT MCXOMHBIX IaHHBIX
MOJENN  BBIBOAATCS  TPEOYNPEXKIAONIME  COOOMICHHMS  WIM  COOOIIEHUS,
JquarHoctupyronye omuoku. [Ipu Bbyiadue npenynpexaalonmx CooOIIeHHH BBOJ
JaHHBIX WMJIM TPOIECC pacueTa IPOMOJDKACTCS, TMPH BbIAYe JHAarHOCTHYECKHX
cooOieHnii 00 ommMOKe BBOJ JaHHBIX (JI0 MOMEHTa MWCIPABIICHHs) WM pacyer
MPEKPAIIAl0TCs).

JlononHUTENbHO, KaXK/iash pacyeTHas MporpaMma KOMIUIEKCa HpPOBOIUT
MIPOBEPKH BBOJUMBIX €I0 BO3JICHCTBHIA ¥ COOCTBEHHBIX IapaMETPOB pacyera.
[lepedenp COOTBETCTBYIOIIMX JHAHOCTHUECKHX cooOmieHnid npuBoaurcs B Ceanuce
pabomsl (cM. Menro Pacuem).

Juarnoctryeckne 1 MHQOPMAIIHOHHBIE COOOIICHUS BEIBOSATCH.

— npenpoyeccopom B TIPOLECCE 3aTaHUSI PACUETHOW MOJIENH IMOJIH30BATEIIEM.
B cmydae BBoma HEZONMYCTHMOTO (HEIOCTOBEPHOTO) 3HAYCHHS KaKOTO—JIHOO
mapameTpa WM IPOIMyCKa HEOOXOIMMOTO TaHHOTO TIOSIBISETCS BCIUIBIBAIOIIEE
coo0mmenne B cuCTeMHOI obOmactu ysemomueHnit (3Hauok ACTPA-HOBA 2=
MaHeI HMHCTPYMEHTOB “‘systray”) TpOTrpaMMbl, 4YTO MO3BOJSIET KOPPEKTHO
c(OpPMHUPOBATH PACUETHYIO MOJIEIB;

— mpenpoyeccopom TpH OOpaIlleHHH TOJb30BaTeNsl K NYHKTY [Ipogepka
Oannvix (MeHto /Jannvie). Tlpu 3TOM, B JIOMOJHEHHE K WH(OpMAIIUHU, OMUCAHHON B
cilefyonieM NOANyHKTe, B okHe Coobujenuss NOCTYNHA TaKoke HH(POPMAI,
BblJIaBaeMasi PacueTHbIM MOJYJIEM IPH IPOBEPKE MCXOJHON MOJeNH 0e3 MpOBEACHUs
CaMoro pacuera,

— npenpoyeccopom — TP BBIOOpPE OMHOTO W3 IYHKTOB MeHIO Pacuem wn
Haxatun kHomku OK — mepex mpoBeseHneM pacyera, NMpU STOM aHAIU3UPYIOTCS
3aJjaHHBIC IIApaMETPbl M XapaKTEPUCTHKH HAa HE IPOTHBOPEUYNUBOCTH, IIOJHOTY H
JOCTaTOYHOCTh. B ciydae oOHapy>XKeHUs] HECOOTBETCTBUM BBEACHHBIX 3HAUCHHUH WM
IpYTUX OMUOO0K, HH(opMaIHs BEIBOAUTCS B okHE Coobuyerus,

— pacuemnvim mooyrem (CTAI], @OPM) mociie BBOAA WCXOIHBIX JAHHBIX
MOJIe/H W/WIH MHaMuYeckoro Boszaeiictsus (CEMCM, BUBP, JTHH) u B nporecce
pacuera.
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— nocmnpoyeccopom TOCIE OKOHYaHHS pacueTa B Dailibl pe3yivmamos,
D@aiinbl ucxoouvix dannvix, Ilpomokon cxooumocmu, Ceoonvie mabnuyvl u Ceoonvle
mabnuysl nonvzoeamens (MeHto Pesyromamut) n B okue Coobwenus.

5.12.2. Coo0buieHust 00 oIIUOKAX MPH MPOBEPKe HCXOAHBIX JAHHBIX

Coobrmienuss 00 omuOkax umeroT ¢opmar: “Ouubdka:”, namee TEKCT
COOOIIEHHSI.

JIMarHOCTUPYIOTCST CIIEAYIONIME OIMHOKA B 3aJaHMM HMCXOMHBIX JIAHHBIX
(pacueTHBIX TapaMeTpax, XapaKTEPUCTHKaX MaTepuayia, COPTAMEHTOB TpYO,
3JIEMEHTOB TPYOONPOBO/IA, OMIOPHBIX KOHCTPYKIIUH, U T.J1.):

— MOJIyJH YIPYTOCTH, JOMYCKAEMbIC HAMPSDKCHUS, TUAMETPhI, TONIIUHBI, HE
MOJIOYKUTEIBHBI HA JICTAIIN, YTOHEHHUS HIIH )KECTKOCTH OMOP OTPULIATENBHEI;

— MpH 33/IaHAX TPOHHUKOB U BPE30K MPOBEPSETCS COOCHOCTh MarkCTPau;

— MPOBOJMTCS TMOJHAS TUATHOCTUKA 3aJaHusi reoMeTpuu (OCEBOM JIMHHN)
y4acTKa, B YACTHOCTH, Ha BO3MOYKHOCTh “BITUCHIBAHUS OTBOJIOB;

Kpome TOro, 10MOJHUTENHLHO pacyeTHbI MOIYJb MOXET THarHOCTUPOBAThH
CJICYIOIIHNE OITHOKHU:

— AUArHoCTUPYIOTCA OHII/I6KI/I, CBOOAINHNECA, 1O CYTHU, K BBIXOAY 3HAYCHUA
BBEJIEHHOT'0 MTapamMeTpa 3a JAO0MYyCTUMBIH AUAa30H 3HAUEHUIA:

— YHUCJIO YYACTKOB, y3JI0B MEHBIIIE HJIH OOJIBINE JOMYCTHUMBIX 3HAUCHHUH;

— HOMEp HavyaJIbHOTO y3Jia yyacTka 0oJIbliie HoMepa KOHEYHOTO Yy371a;

— HOMEp HAYalbHOrO y37a ydYacTKa MeHbine | wiu Oojbliie HOMEpa
TIOCJIEZTHET0 BHYTPEHHETO y3J1a;

— He COOJIO/ICHbI OTPAHUYCHHUS HA 00IIee YHCIIO CEUCHUI, OTIOp CKOJIBKCHUS
(kaueHus, HAMPABIIONINX), YIPYTHX OMOP-TIPY)KUH, JHMH30BBIX U CHIb(OHHBIX
KOMIICHCATOPOB, apMaTypbl, COCPEAOTOYCHHBIX CHJ M KOMIICHCATOPOB M T.[. Ha
y4acTke;

— MOAYJH YHPYroCctu, HNpeAcCJbl IMPOYHOCTH, AUAMCTPBI, TOJIIWHBI HE
IMMOJIOKUTCIIbHBI HAa YYAaCTKE, YTOHCHHUA UJIN KECCTKOCTHU ONIOP OTPULIATCIIbHBI,

— TpPOWHHUK 3aJaH MEHee YeM Ha TpeX YydyacTKaX, MPUMBIKAIOIUX K
TPOWHUKOBOMY Y31Y;

— B OJTHOM CEUEHHH 3aJ]aHO 0oJiee OTHOM OTIOPHI;

— HE BBINOJHEHBI YCIOBUS: HOMHHAIIBbHAS TONIIMHA CTCHKA MEHBIIE
MOJIOBUHBI HAPYKHOTO JAUAMETPA; YTOHEHUE MEHBIIIE HOMUHABHOM TONIIMHBI CTEHKH;
pamuyc rubGa OoJble MOJOBHHBI HAPY)KHOIO JHAMETpa; JUIMHA JETalH
HETIOJIOKHUTEIIbHAS.

— Ha y4YacTKe TPH CBAPHOM TPOWHHUKE JJIMHA TMEPBOH (MOCIemHel) merand
MEHBIIIE MOJIOBHHBI AUAMETPa MArMCTPAId. YBEIHYbTE PACCTOSHUE. DTO COOOIICHHUE
MOXKET MOSIBIISITHCS TIPH yUYeTe MOJATIMBOCTH TPOMHUKOB JUISI IITYLEPHBIX KOHIIOB.

— 3HayeHHE JPYTruX [apamMeTpoB OOJbIIe WM MEHbIIE JOMYCTHMOTO
3HAYCHHUSI;

5.12.3. Tlpeaynpexnawmue H HHPOPMALHOHHBbIE COOOIIEHUS] TPH
NMpPOBepPKe UCXOAHBIX JAHHBIX

[penynpexaaromue cooOmeHuss HUMEIT Gopmar: “IIpedynpescoerue:”,
Jlajiee TEKCT COOOIIEHMS.

Beiaroresi, B 4aCTHOCTH, CIIEIYIOIINE MTPEAyIPEKACHHS:
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PacuernsiMu monyisimu CTAL], @OPM

1) “Ha yuacmxe ecmb OnuHHble npoiemvl 6e3 npoMedsCymouHvIX cedeHu” —
€CIIM JJTMHA TeperoHa npesblinaet 10 HapyKHbIX JUaMETPOB TPYOBI.

2) “Ha yuacmrke onopa 6 omsoode. Tounvix 3aeucumocmeti noOamiusocmu u
HanpsiceHull 8 0meooe ¢ Onopou He cyujecmayem’.

PacuernsiM monynem CTALL:

— “B cea3u ¢ omcymcmeuem npyscur (RPYICUHHBIX ONOP) HA YHACMKAX
cxemul, paciem ¢ ROODOPOM NPYICUH 3AMEHEH Ha pacuem ¢ 300AHHbIMU
Xapaxmepucmukamu npysicun.”.

— “B cea3u ¢ omcymcemeuem K03 uyuenmos mpenus 6 Onopax Ha yuacmrax
cXembl pacyem ¢ mpeHuem 3amMeHeH Ha paciem Oe3 yuema mpeHusi 6 onopax”.

BemomsaTcst  Take — cienyoomue — MHGOPMALMOHHBIE  COOOIIEHHS,
Kacalolrecss MPOBOIUMOTO pacdeTa W HAMYHA HEKOTOPBIX JJIEMEHTOB B PACUETHOM
MOJICIH:

PacuernsiMu monynsamu CTAL], @OPM

— “/lannvle 0151 OPMUPOBAHUSL MAMPUHHOSO CYNEPITIEMEHNA He 3a0aHbL” .

— “Mampuuneix cynepaiemenmos ne 3a0ano”.

Kpome Ttoro, mpucyrcTByer cnemyromas uHbopMalys: oliiee KOIHMYECTBO
9JIEMEHTOB B pacyeTHOM MOJEIH, YHCIO BHYTPEHHHX Y3JIOB, OOIlee YHCIIO Y3JIOB,
YHCIIO TPOWHUKOBBIX COEAMHEHWI (B TOM 4YHCJIE CBAapHBIX), 3aleNIKH B TOPSIKE
BO3pacTaHHs HOMEPOB Y3JIOB, OIIOPHBIX JIEMEHTOB B CEUCHUSAX U y3JllaX, OTBOOB,
NIePexo/10B, KOMIICHCATOPOB, JKECTKUX JJIEMEHTOB, apMaTyp, HEKOJIBIIEBBIX CCUCHHH,
CTBIK, (pIIAHIICB.

PacuernsiM momynem CTALL:

“Tpenue — memoouxa uncmumyma I unpoxayuyx”.

“Tpenue — memoouxa HIIO [[KTI.

“B pacueme npysicuHbl npu UCHbIMAHUL 3AKIUHEHbL PACHYWeHbl” .

5.12.4. Coo0menusi mporpaMM BO BpeMs POBeIEHHs pacyeTa

Bo Bpems cuera mobas nporpamma komiuiekca ACTPA-HOBA’2023 moxet
BBIIATh  TMAarHOCTUYECKHE COOOMIeHUsT (CM. JIMarHOCTUKY COOTBETCTBYIOILEH
nporpammel B jokyMente Cearnc pabomul ¢ komniexcom [16]), roBopsIiue o TOM, 4TO
TepeJaHHbIC TPOrpaMMe TapaMeTphl WM BBEJCHHBIC W3 (aiyIOB JaHHBIE WUMEIOT
He/ONyCTUMble 3HaueHus, Mmu, Hampumep, Bo BpeMsi pabotel mporpamm CTAIL,
@OPM wMoOXeT TOSBHUTECA cooOmeHue: “Mampuya odicecmkocmu cucmemvl He
NOJOACUMENILHO OnpedeneHa’ .

Coo0mieHre  CBHIETETBCTBYET O INIOXOH OOYCIOBICHHOCTH MATpPHIIBI
paspemaromeii cucreMbl ypaBHeHWH. OmHAa #W3 BO3MOXHBIX MPHYHH TaKOTO
COOOIIeHNsT — OTCYTCTBHE B PAcUeTHOH cxeMe TpyOOmpoBOoJa HEOOXOAWMOIO HYHCIIa
CBsI3€H, MPEIATCTBYIOMIMX €r0 CMEIIEHUSIM KaK KECTKOTo Iesoro. Jpyras BeposTHas
MPUYHMHA JUIS CIIOXKHBIX CHUCTEM — Ype3MepHasi KEeCTKOCTHasI “KOHTPACTHOCTH (WJIH)
THOKOCTh Y4aCTKOB-CYIIEPIJIEMEHTOB. Upe3MepHyI0 KOHTPACTHOCTh U (M) THOKOCTb
MOYKHO YMEHBIINTH IIyT€M BBEJICHHS B PACUETHYIO CXEMY JIONOJHUTENBHBIX y3JIOB Ha
THOKHX yYacTKaX.

Bo Bcex ciydasx oOHapyXeHHs OLIMOOK BBIAAIOTCS COOTBETCTBYIOILUE
coobuieHus (B TOM 4ucie, B [Ilpomoxon pacuema), u cyet npekpauniaercs. Ludpposas
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HyMepalus cooOlleHuid He Beaercs. Eciau mpu MOBTOPHOM MPOIMYyCKe 3ajayu
cooOIIeHne TIOBTOPSIETCS, CIENyeT OOpaTHUThcd K pa3paboTdMKaM IIPOTPaMMHBI,
IpUCIIaB MO O3JEKTPOHHOW TIOYTE ONUCAaHWE MPOOJIEMBbI, MOCIEA0BATEIEHOCTH
neiictBuii, Screenshot u daiin-npoekt (¢aiin ¢ pacumpendeM anp), a B ciydae
HEOOXOMMOCTH M apXUBUPOBaHHBIE (ailiibl U3 paboueil TUPEKTOPUH.

5.12.5. Coobmenus Ilocrnpoueccopa

[Mocne mpoBeneHns pacyeTa Ui aHallM3a Pe3yIbTaTOB MOXKHO HCIIOIL30BAThH
BEIBoiUMBIe [locmnpoyeccopom: muarHocTuku B okHe Coobuenus, Gpanisl U CBOTHBIE
TaONHIBI, B KOTOPBIE MOCTYIAIOT UATHOCTUYECKUE COOOMICHNUS, TIEPEUNCIICHHbIE JIIsI
KaXI0ro BHIa pacueTa B pazuene Menio Pacuem (cMm. Ceanc pabomvl ¢ KOMRAEKCOM
[76]). Ilpu Busyanuzaiuu nepemeineHuit B OKHO CooOujenusi BBIBOIATCS TAKKeE
COOOILEHHST O BO3MOXKHBIX KOJUTH3HSAX Ie(POPMUPOBAHHON CXEMbI Ul 3aKa3aHHOTO
JTamna pacyera.
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6. CeaHc pabdoThI ¢ KOMILIEKCOM (KPAaTKOe OMUCAHNE)

www.STADYO.RU

[MonpoGHoe ommcanne NMPUBOAWTCS B OTAEIHHOM HNPWIOKECHUH K JAHHOMY
JnoKyMeHTy — B Tome Ceanc pabomsi ¢ komniexcom [76].

IMpu co3manuu pacuetHod Monenu TpybompoBoga ACTPA-HOBA’2023
TIO3BOJISIET BOCIIOIB30BATHCS CICAYIOIINMH BO3MOKHOCTSMHU:

— MCIOJIb30BaHUE COBPEMEHHOT0 BH3YalIbHO-TpaHYeCcKOro Mpernporeccopa;

— WMIIOPT [JaHHBIX W3 aJbTEPHATHUBHBIX mporpamMMm pacuera (CTAPT,
CAESAR I1) u CATIP (AutoCAD, CADWorx).

CeaHc paboThI ¢ KOMIIJIEKCOM COCTOUT, B 00ILEM ClIyuae, U3:

1) mocTpoeHHsi, KOPPEKTUPOBKH M BU3yaJIHM3alMH PALMOHAIBHOW PacUEeTHOM
MOJIENTM C BO3MOKHOCTBIO HCIIOJIb30BaHMs (haiIoB, CO3MAHHBIX JUIS TPEIbITYIINX
Bepcuil komiuiekca (npenpoueccop IIPE-ACTPA);

2) BBINIOJIHEHMS TPEOYEMOTO THIIA M BH/IA pacdera:

— pacuéra mo BrIOOpY OCHOBHBIX pasmepoB (ACTPA-/JETAJIB),

— pacuera Ha CTaTHIECKYIO U MUKINIecKyio mpouHocTh (ACTPA-CTAI]),

— BBIYHCIICHHUS 3HAYUMBIX COOCTBEHHBIX 4acToT U Gopm konebannit (ACTPA-
DOPM),

— pacuera Ha ceiicmuaeckue Boszeiictus (ACTPA-CEHCM),

— pacuera Ha BuOporpounocts (4CTPA-BUBP),

— pacueTa Ha HeyCTaHOBHUBIIHECs AuHamudeckue npoueccsl (4CTPA-/IHH);

— YTOYHEHHOTo pacyeTa (M0 MPOCTPAHCTBEHHO-000JI0YEYHBIM U OOBEMHBIM
cxemam MKD3) Ttemneparypunoro mnons, HJIC, cratuyeckoil, NHUKINYECKOH W
CeiCMMYECKOM IMPOYHOCTH W NPEAENbHON Harpy3KH Uil Haubosiee HarpyXeHHBIX
aeraneit Tpy6ornpoBoaos (B ToM uncie aBrodperupoBanusix) (ACTPA-CTAJHO).

3) o0pa®oTKM W TpeINCTaBIEHHs pe3yJIbTaToOB pacyera, BKIJIIOYAs BbIIady
CBOIHBIX W/WIK BBHIOOPOYHBIX TAONWI, BHU3yaTH3alHI0 TEPEMEHICHUH, HArpy3o0K,
yCWIMH, HANpsHKCHUH, TpapuKkd  JUHAMHYECKHX  pE3yJIbTaToB, AaHUMAIIHIO
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COOCTBEHHBIX (OPM ¥ BBIHYXKICHHBIX KOJieOaHHH TPyOOIPOBOAHONW CHCTEMBI
(moctnpoueccop IIOCT-ACTPA).

[NosiBuBlIasica panee u passuras B Bepcun ACTPA-HOBA’2023
BO3MOXHOCTb PCHAKTUPOBAHUA 633 JAaHHBIX ITIO3BOJIACT HE TOJBKO HCIIOJb30BAaTh B
NPOEKTE, HO W COXPAHATh Uil IOCIEAYIOIIUX MOJeNieidl TPyOONpOBOJIOB JETalH,
MaTepHanbl, TPYHTHl M CEWCMOBO3JCHCTBHS, XapaKTEPUCTHKH KOTOPHIX 3aHECEHBI
I0JIb30BaTENEeM B 0a3y NaHHBIX.

Bo Bpewmst ceanca paOOTHI OAEP)KUBAIOTCS COTTIALICHUs], IPUHSATEIE B Cpelie
Windows: oTkpeiTHe © 3akpbiTHE (DaiioB (MpoekToB), paboTa ¢ TpaPUUECKUMH
OKHAaMHW, ITaJalolMH, BCIUIBIBAIOIIMMA U KOHTEKCTHBIMH MEHIO, Oydepom oOMeHa,
MOUCK, BHIJCICHHE W KOMUpOBaHWEe HMHOpOpMamuu M T.0. bydep oOMeHa MOXKHO
UCIIOJIb30BaTh, HAmpHMep, Ipd (GOPMUPOBAHMH TEKCTOBBIX W  TpadUIEeCKHX
MaTepHaIoB I OTYETHBIX JOKYMEHTOB.

BpeMss OoT BpeMEHH pEKOMEHAYETCS COXpaHATb CBOM MpOEKT. Beixox us
ceaHca paboThI TpaauitMoHeH it Windows.

Bo Bpems cearca pabOThI MOYKHO MOJYYHUTh BCIO CIIPABOYHYIO HH(POPMAIIHIO,
UCIIONB3Ysl KOHTEKCTHO-3aBUCUMYIO CIIPABKY.

Pacuernas moznens TpyOOIpoBOia CTPOUTCS IOJIB30BATENIEM B COOTBETCTBUH
C TIOJOKEHHUSMH, W3JIOKEHHBIMH B HACTOSIIEM JOKyMeHTe U B JokyMmeHTe Cearc
pabomul ¢ komnaexcom [16].
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6.1. Ucnoab30BaHKe BU3YaJbLHOI0 HHTEPAKTUBHOIO Mpenpoueccopa

Kommieke ACTPA-HOBA’2023 o6nagaer COOCTBEHHBIM  MOILHBIM
MHOT'OBAPHAHTHBIM  TMPEIPOLIECCOPOM,  KOTOPBIA  MO3BOJSIET  3ajgaBath U
JUArHOCTHUPOBATh PACUCTHYIO MOJICIh TPYyOONPOBOAa B BH3YalbHOM HHTEPAKTHBHOM

pexume.
Hwuxe xpatko onrcana mpoueaypa nocTpoeHUs! paC4eTHON MOJIENH.

1. st co3panust HOBOM pacueTHOM MOJIeIN HAXKMUTE KJIaBUILY Ho6bitl B MEHIO

@aiin VIR COOTBETCTBYIOMIYIO KHOIIKY HA TIAHEH HHCTPYMEHTOB CmanoapmHast.

2. 3amaiitre Obwue dannvlie pacIeTHOU MOJIEITH.

3. B menro Pedaxkmop vy Ha OJHOMMEHHOW ITaHEH HHCTPYMEHTOB BBIOCPHUTE.

Jlobasums yuacmox.

4, 3amaiite naHHBIE NEpPBOM JeTanmd ydacTka, €€ (U3NKO-MEXaHWYEeCKHe

CBOWMCTBA W TEOMETPHIO, BOCIOJIB30BABIINCH COOTBETCTBYIOIIMMH JHAJIOTOBBIMU
okHamu u (wim) [lanenvio 660o0a. Ecnu 3ajaHHbIE B JHMAalOTOBBIX OKHaxX IO
YMOJTYaHHIO MapamMeTpbl Bac He ycTpauBaroT, U3MEHHUTE UX Ha HYXHbIe. [Ipy moMomu
3aknanku Jlemanu Ha Ilanenu 6600a Bbl MOXeTe IOJTHOCTBIO 3a7aTh BCE
XapaKTEepUCTUKH AeTanu. [{uaisoru, opueHTUpoBaHHbIe Ha basbl danHblx TIO TpyOaM u
XapaKTEepUCTHKAaM MaTepuasioB, MOXXHO MPOIYCTHTh, BOCIOJB30BABIINCH KHOIKOM
Ommena, 1nOO BHIOpaTh OTTyZAa MOAXOAsIIMEe MaTepuan U TpyOy. Takxe, mmeercs
BO3MOXKHOCTb Tepes 3a/laHieM pacdETHOH MOJIENM CaMOCTOSITENIBHO chOpMHpOBATH
noJib3oBarenbekue basel ganubix (cM. Pedakmuposanue BJJ).

5. IlepBoHauanbHO CO3JAaHHBIM y4YacTOK COCTOMT U3 OJHOW JeTanu, Uit
IO0aBIICHUS CIEAYIOUICH IeTaly HWCHONB3YHTe KOMaHIBl Bcmasumv Oemanv WA
Jlobasums OonoaHumenvHvle cmewjeHus B MEHIO Pedaxmop WM Ha OIXHOMMEHHOH
MaHeIH MHCTPYMEHTOB. JleTaaph Wiu cMmelieHue OyayT M00aBICHBI K TOMY CEUYCHUIO,
KOTOpOE TOMEYEHO YKa3zaTeJeM cedeHHsl (KpecTHKOM) B TrpaduyeckoM OKHE ¢
U300paKeHHEM CXeMbl. ['eOMEeTpHI0 OCEeBOIl JIMHMM TpyOONpoOBOAa MeEHsiTe C
MOMOIIBI0 3aKnanku [ eomempus Ha Ilanenu 66ooa. Tlo ymonuaHuio a00aBiseMast
JeTalb  HacleAyeT XapakTepUCTHKHM mpeabiaymeidl  3amanHoit  Bamu. Ilpu
HEOOXOMMOCTH BHECUTE U3MEHEHNS C TIOMOIIBIO 3aKNIaIoK [lanenu 660da.

6. PexomMenryemMoii 1oCiieI0oBaTeNbHOCTRIO 33JaHsI TEOMETPHUN TPyOOoIpoBoia
SIBIISIETCS CIIEYIOIAs:

6.1. C nomompio s00aBiieHNsT JeTajel 3alaeTcsi TeOMETPUsl OCEBOHM JIMHHH C
TOYKaMHU ee HM3JIoMa. ['eoMeTpHsi OCEeBOI JIMHUHM MOXKET OBITh MMIIOPTHPOBAHA, CM.
Hmnopm.

6.2. B Toukax m3noma, Tam, Te 3T0 TpedyeTcs 0 MPOEKTY, BCTABISIOTCS OTBOIBI
(ruOBbI, KOJIEHA, CEKTOPHBIE) C yKa3aHHMeM paauyca u3ruda. s 3Toro CiyKur
KoMaHna Bcmaeums omeo0 B MEHIO Pedaxkmop WM Ha OJXHOMMEHHOW TaHETH
HWHCTPYMEHTOB.

6.3. YKa3bIBalOTCS JIOTIOJIHUTENIbHBIC CEYEHUs (TOYKH PACCTAHOBKU  OIIOP,
OPY)XMH W T.OI.) IpPH TOMOLIM CMELIeHni wu/wim jpobaBieHus jgeraneid (cM.
COOTBETCTBYIOIIME KOMaHIBI I1.5). 3amaroTcsi OIOpPHbIE KOHCTPYKIMH, (JIAHIBI,
COCpe/IOTOUCHHBIE CWIIBI U T.1. (3aknanka Ceuenust Ha [lanenu 66o0a). IlyHKTHI 6.3 1
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6.4 MOXXHO MMOMEHSITh MECTAMH B 3aBUCUMOCTH OT BalllnX JMYHBIX MPEIOYTeHUH Tpu
3aJjaHuK TeoMeTprr. MoryT nmorpeboBaThCsi JOMOJIHUTEIbHBIE NaHHbIE W3 MyHKTa 9
(cm. manee).

6.4. 3ajgaroTcs apMarypa, KOMIIEHCATOPbI, MEePEXOAbl, JIEMEHTHl HEKOJbLIEBOIO
ceuenus (3aknanaka [Jemanu ua Ianenu 6600a).

7. 3anaiiTe ocTanbHble yUYaCTKU PACUETHON MOJIEIN.

8. BBenure xapakTepuCTHKH TPOWHUKOB (MaHenb Pedaxmop, xHonka Tpounuk
unu Ianens 6600a 3axnaaka Yszen).

9. C momomplo MeHIO JlanHble OTKOPPEKTHUPYUTE IapamMeTpbl CXeMbl WU JI0-

3ajaiiTe, €cIM 3TO HEOOXOAWMO, AaHHbIE ATl MOJEIHPOBAHMSA TPYOOIPOBOIOB
OeckaHaJIbHOW IPOKJIAIKH, TEMIepaTypHbIe NCTOPHUH, JOTIOJHUTEIbHbBIE CCUCHUS [UIs
3aJaHus] TUHAMHYECKUX (BHOPAIIMOHHBIX) BO3JEHCTBUN, MATPHUHbIE CYNEP3IEMEHTHI
JUIL  MOZAETIHMPOBAHUS TIPHCOECAMHEHHOTO K CXeMe O00OpYyIOBaHMSA WIM JPYTUX
TpyOOIpOBOAHBIX cucTeM. [IpH BBITOJHEHMM 3TOTO ITyHKTa, BO3MOXKHO IPUAETCS
OIAAITh O00paTUThCs K TYHKTY 6 yKa3zaHHOro cueHapusi. [IpoBepbTe yciioBHs
3akperuieHust cxeMel: ¢ nmomomsio [IK ACTPA-HOBA MOXHO BBIIOIHHUTH pacueT
TOJIBKO KUHEMAMUYECKU HeUIMEeHAEMbIX CUCTIEM.

10. B pabore c BBOZOM HCXOAHBIX MAaHHBIX BaM momoryt oOmmpHbe
BO3MOXKHOCTH BHU3yalW3allMd 10 BHIOpaHHBIM Bamm mapamerpam, BKIIIOYasi ITOHMCK
KOJUTU3uil (MeHI0 JlanHble TyHKT Buzyanusayusi ucxooHvlx OaHHbIX), Pa3HOOOPa3HBIC
CIOCOOBI peAakTUpoBaHUs (MeHIO Pedakmop), BKIIOYasi BO3MOXKHOCTh OTKaToOB, Bai
3]IpaBbIii CMBICI U aHTeJIbcKoe Teprienne. He 3a0bpiBaiiTe COXpaHATh MPOEKT, YTOOBI HE
TIOTEPATH PE3yIbTATHl Bamiero kponotimBoro Tpyaa.

11. Ecmun Bel ucnonamnu .. 1-10, To nepexoanTe K BBINOJIHEHHIO PacueToB
(meHto Pacuem). PekoMmeHnmyeTcsl Hauunamb ¢ pacuema HO GblOOPY OCHOBHBIX
pasmepoe (IETAJIb) unu na cmamuueckyto u yuxiuueckyio npounocmo (CTAII)
1100, IS TOTIOTHUTENFHON MHTETPAIbHOM OLEHKH a€KBaTHOCTH PACUETHOW MOJEIH
— ¢ pacuema cobcmeennvix uacmom u gopm Konevanuii (POPM).

12. Ilone3ysice MeHw Pesyrbmamwul OUEHUTE pe3yibTaThl pacuera. Ecim
KOJUIM3UH (HEIOMyCTUMBIX MEpEeMEIICH I, CBUIETEIbCTBYIOIINX O COTPUKOCHOBEHHU
Tpy0 npu nedopmupoBanun TC) 1 NpeBBILICHUS KPUTEPHEB TPOYHOCTH HET, MOXKHO
MIPUCTYTIATh K CIIEAYIOLIEMY IIary.

13. K nmaHHBIM y4acTKOB n00aBbTe MH(OPMALMIO, HEOOXOANMYIO JJIsl pacdera
COOCTBEHHBIX ~4YacToT H  QopM KosebaHui  (aMOpTH3aTOpbBI,  JAeMII(epsl,
COCpPE/IOTOUCHHBIE MAacChl, MacCOBbIE MOMEHTBI MHEPIHUH M JHMHAMHYECKHE CTEIICHH
cBOOOIBI). 3amaHWe aMOpPTU3aTOPOB W JAEMII(EPOB OCYIIECTBIIIETCS B 3aKJalKe
Ceuenusn Ha Ilanenu 6600a. 3amaHne COCPEJOTOYEHHBIX MAacc, MAacCCOBBIX MOMEHTOB
WHEPIMH W  JAWHAMHYECKHX  CTENEHeH CBOOOABI MOXKET  OCYIIECTBIATHCS
aBTOMATHUYECKH, C HCIOJIb30BAaHUEM MEHIO /JlanHble TYHKT Aemomamuieckas
paccmanoska macc W, TpU HEOOXOAMMOCTH, “BPYYHYIO~ C IIOMOINBIO ITYHKTOB
Jlunamuueckue cmenenu c60600v6t 1 Cocpedomoyennas macca — TPU HaJIUUAU
COCPEIOTOYCHHBIX MAcC M MAacCOBBIX MOMEHTOB (I1anens 8600a, 3aknanka Ceuenue).
14. OueHnrte NMPaBUILHOCTh PACCTAaHOBKM JUHAMHYECKUX CTENEHEH CBOOOABI C
NOMOIIIBIO TPOCMOTPA PAcCTaHOBKM Macc (MeHIo JJawmvle TYHKT Busyanuzayus
UCXOOHBIX OAHHBIX).
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15. [IpoBenure pacyer cOOCTBEHHBIX 4acTOT U (opMm KosebaHuil (cM. Pacuem
COBCMEEHHbIX Hacmom U popmbl KOLeOAHULL).
16. BBenaure uHbOpMauuio Ui HY)KHOTO JHWHAMHYECKOro pacuera (MEHIO

Jannvie nyHktbl  Celicmuueckue gosodelicmaust, Bubpayuonnvie 6030eticmsusi,
Hunamuueckue 6030eticmeus).

17. [IpoBenute HyXHBIH JAWHAMUYECKHH pacdeT (cM. Takxke Pacuem Ha
ceticmuyeckue 6o3oeticmsus, Pacuem na subpayuonnvie sozoeiicmeus, Pacuem na
OuHAMUYEeCKUe 8030eliCMEUsL).

18. [Mocme ycmemrHOTO TPOBENEHHWS IOOOTO M3 pPAcdyeToB IOCTYIHBI BCe
pe3yIbTaThl IO HEMY: BU3yaluM3alus W aHWMAIWs, (aiiasl TeKcToBoro Gopmara u
BBIBOJI PE3yJIbTATOB B TaOMMYHOM BUje (MEHIO Pe3yibmamst).

19. TemmeparypHOEe TOJe, CTaTWYECKOE ¥ CEHCMHYECKOE HampsKEHHO-
neOopMHpPOBaHHOE COCTOSIHWE, CTAaTHUECKyI0, LHKIMYECKYI0, CEHCMHUYECKYIO
MPOYHOCTh W TMPENeNbHYI0 HArpy3Ky Ui Hambollee HarpyKeHHBIX NeTalieil (B TOM
yucie aBTOQPETHPOBAHHBIX) MOXHO YTOYHHTH C TOMOIIBIO pacdyeTa METOAO0M
KOHEYHBIX 37eMeHTOB (MKD) B mpocTpaHCTBEHHO-000JIOUEUHON W/MIM TPEeXMEpHOU
nocranoBkax B cpene ACTPA-CTA/HO (cMm. taxke MKD pacuém snemenmos
ACTPA-CTALHO).

20. Ecnu mpu 3aaHuM MCXOAHBIX JAHHBIX OBUIM JIOMYIIEHBI HETOYHOCTU H/WIN
OLIMOKH, NPH 3aITycKe pacyéra Win MpU aKTUBALWK MyHKTa [Iposepka OanHblX MEHIO
/Jlannvle BBITAIOTCS AMarHocThdeckue cooOmeHus o6 stom. Ha mpenynpexneHus
Ha/l0 0OpaTUTh BHUMAaHKE, a ONTHOKH HEOOXOJMMO HCIIPaBHUTh, MOCIIE YEro MOBTOPUTH
3aITyCK pacueTa.
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Puc. 6.1 BusyansHo-rpaduueckuii mpemnporeccop

Bo Bpemst ceanca paboTBl TIPOBOIUTCS TNpOBEpKa WHGOpPMAIMKM Ha
JOMYCTHUMOCTh BBOJVMMBIX 3HAU€HHMH, Kak BO BpEMsI HEMOCPEICTBEHHOTO BBOAA
JaHHBIX, TaK ¥ Tocie (OpMHUPOBAHMS BCEH pacdeTHOH CXEMBI C MOMOIIBIO ITyHKTa
Ilposepra dannvix MeHIO /[anuble. Pe3ybTaThl TaKOW MPOBEPKH MCXOMHBIX JAHHBIX
BbIBOAATCST B OkHE CooOwenus, TIpUdeM, NP JABOMHOM HaXXKaTHH JIEBOW KIIaBUILICH
MBI Ha JMAarHOCTHYECKOE COOOIIEHHE MOXHO Cpa3y W3MEHHTh 3HA4YCHHE
napameTpa, OKa3aBIINCh B MOJIE €0 BBOAA. Bu3yanusanus reoMeTpuu ydacTka, Beeil
MOJIENT WK ee (parMeHToB (OCEBOIl JMHUEH MM KaK TBEPAOTENBHON) COBMECTHO C
OIopaMu, MpyKUHaMH, (UIaHIAMH, apMaTypodl M APYTMMH JETaJIsIMH IO3BOJISET
MPOBEPUTH TIPABWIBHOCTh 3aJaHus pacueTHOl Moxemu (puc. 6.1). Bo3moxhHa
BU3yalIU3alisl MHOXKECTBA IIapaMeTPOB pacyeTHOH MOJIENH TPYOOIIpoBoia, HallpUMED,
nasieHue (puc. 6.2), TemMnepartypa, pacupeeieHHas Harpy3ka Mo OCsSM KOOPIHHAT,
paccranoBka macc (puc. 6.3).
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6.2. UMnopT AaHHBIX U3 aJbTePHATHBHBIX MporpamMm pacyera u CAITP

6.2.1. IIK ACTPA-HOBA’2023 mno3BOJSIET MMIIOPTHPOBATh [IaHHBIC W3
pasnuunbix “nomynsapHbeix”’ CAIIP, a 3atem Ha ocHoBe CAIIP-moienu npou3BOIUTH
ABTOMATHUYECKYIO T€HEePALUI0 PAaCYETHO CyNepaIeMeHTHOW MOJIeTH TPy OOIpOBOAHOM
cucteMsl (anp-daiin). Pasymeercs, a1 co3maHus “TIOJHOLEHHON pacueTHONW MOIEIN
TC neobxomumo cpencreamu npemnporieccopa ACTPA-HOBA nonoHUTETHHO 331aTh
HEOOXOJMMBIE TIapaMeTphl, HE cojepkamecs, kak mnpasuio, B CAIIP-moxmemnsix
(pu3nKo-MeXaHNYECKUE XapaKTEPUCTUKH MaTEepHaJOB, THUIBI ONOp M MpPYXKHH,
PEKUMBI Harpy>KeHHNsI, BEIIMINHBI HArPY30K U BO3ACHCTBHHN H AP.).

B mHacrosmee BpeMsi momAep)KMBaeTCS WMIIOPT MOaHHBIX u3  (haiinos
CJIC/TYTOIINX THIIOB:

— (haiier oomena gepreskamu AUtOCAD (dxf-daiiner);

— puentaue ¢aitnst CAITP CADWorx/PIPE (pmf-daiiner) (puc. 6.4);

— pcf-daiiner pupmer INTERGRAF (SmartPLANT, PLANT 3D);

6.2.2. Taxke BO3MOXXEH HMIIOPT MOJENCH TPYOOIIPOBOTHBIX CHUCTEM U3
JPYTHX IIUPOKO OKCILTyaTUPYEMBIX TIPOrPAMMHBIX KOMILIEKCOB IPOYHOCTHOTO
pacyera TpyOOIIPOBOAOB U 000Dy IOBAHHMSI:

— ini-aitner  CTAPTa (otevectBennblit IIK mpoyHOCTHOrO pacuera
“HECJIOKHBIX” HEaTOMHBIX TPYOOIPOBOIOB);

— cii-aitmer CAESAR 11 (IIK — mexmyHapoaHblii “cTaHAapT’ MPOYHOCTHOTO
pacdeta HeatoMHBIX TC);

— pvp-daitner PVP Design (oteuyectBennslit IIK mpouHocTHOro pacuera
COCYJIOB M amIiapaToB He(YTEXUMUH);
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6.3. IIpoBeneHne pacueToB

Jlns mpoBeneHus pacueToB cieqyeT B MeHIO Pacuem BbIOpaTh THUI pacdera
(puc. 6.5, CTAIL, ®OPM,...), 3a1aTh BU] U TapaMeTphl pacyeta (puc. 6.6), uCmoan3ys
COOTBETCTBYIOII[IE OKHA 3aJjaHHs, U BBIOJHHUTH PacdeT, HaXkaB KHONKY Pacuem. B
0001 MOMEHT MPOBEIEHHS CUETa €r0 MOYKHO NPEKpaTHTh. B mporecce BHITOIHEHHS
pacdeTa B OKHax mpocMotpa (puc. 6.7) BbImaeTcs JMATHOCTHKA OLMIMOOK Ha JTare
BBOJA U IPOBEPKU MCXOAHBIX MAAHHBIX WM JAMArHOCTHKA IPEBBIIICHUNA KPUTEPHUEB
MPOYHOCTHA HAa BCEX COACPIKATEIBFHBIX JTamax pacdera. Takke “Oerymeid cTpokoit”
0003HaYaeTcs X0 pacyeTa (3Tarnsl, HTEpau, CXOIUMOCTD H T.I1.).

Bblbop ocHOBHLIX pasvepos (AETANB)

CTaTWYecKas 1 UMKNWYeckas NpoYHOCTb (CTALL)
CoBCTBEHHBIE YAacTOThI 1 GopMel Konebanuia (GOPM)
CelicMuyeckne BosaeicTemna (CEACM)

BuBpaLwoHHas Npo4HoCT b (BUBP)

JWHaMWYeCKWe Bo3AeiCTBMA ([INH)

MK3 pacu4eT s3nemeHToB (CTAAWD) b

Puc. 6.5 Tuns! pacueroB no ACTPA-HOBA

W3-3a ommbOK B JaHHBIX WJIM HEBO3MOXKHOCTH BBITTOJHEHUS TTOCIIETYIOIINX
JTaloOB pacueTa NpU TPEBBINICHUSAX HEKOTOPBIX KPUTEPHUEB MPOYHOCTH CUET
MpeKpaIaeTcs, Npu 3TOM A IPOCMOTpPa U aHaIM3a MPUUYUHBI OCTAHOBA HA DKpaHe
MOSABISIIOTCSL OKHA C (pailaMM MCXOOHBIX MAHHBIX M PpE3yIbTaToOB, a B OKHE
JVAarHOCTHUKH - COOTBETCTBYIOIIME cooOmeHns. Kpome Toro, Ttakxe MOXKHO
WCIIONIb30BAaTh MPOTOKONIBI pacyeTa (MyHKT [Ipomokonsi MEHIO Pe3yibmamul) |
BU3YaAJIU3AIHIO JOCTYIHBIX PE3yIbTaTOB.
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6.4. locTiponeccop

ITocne mpoBeneHus pacuyéra B cilydae IPEBBILICHHUS KPUTEPUEB IPOYHOCTH
COOTBETCTBYIOIIAasi HH(GOPMAIHs JOCTYIHA JJIsl SKCIpecc-aHann3a B okHe Cooduenus.
JUis  manpHeimero mpocMoTpa, O(GOPMIICHHS W BH3YAIHM3alldHd  PE3YJIbTAaTOB
BBINOJTHEHHBIX PAacyeToB MPeAHAa3HaYeHbl MEHIO Pe3yavmamobi 1 Buo.

B cnydae mnpeBBINIEHUS KPUTEPUEB NPOYHOCTH ISl HKCIIpEcC-aHaIn3a
“O0Ne3HEHHBIX” PE3YJIbTATOB MOXKHO IPOCMOTPETH crpaBouHble (aiiel. CeooHbie
uw/unu evibopounvie madbauyvt n Ceoonvle mabauyvl noavsosamens (B ¢opmate
HTML, MS Office u Open Office) momoryr OBICTPO ¥ HHTETPAIBHHO
MIPOAHAIN3UPOBATh ¥ JOKYMEHTHPOBAaTh pE3yJbTAaThl pPAcueToOB, a pa3BepHYTHIC
TaONMUIBI NCXOIHBIX AAHHBIX U PE3yJIbTaTOB — IPOBECTH YIIIyONEHHbIH aHAIN3.

B moctnporeccope peann3oBaHbl pazHOOOpPa3HBIE PEKUMbI BH3YaIH3aLUH
pacyeTHBIX MepeMeIneHNH (1eOpMUPOBAHHBIE COCTOSHHS IO 3TalaM pacyera, CM.
puc. 6.8), yCHIHii U MPUBEICHHBIX U OTHOCHTEIBHBIX HAIPSDKCHHUH (BCEX PAaCUSTHBIX
TPy — IIBETOBBIC KapTHHBI, CM. puc. 6.9), Bu3yammszanus u aHuMarms (Gopm
COOCTBEHHBIX KOJIeOAHMH IUIsi BBIOPAHHBIX TOJIB30BATENIEM W3 BCEX BBIYMCICHHBIX
yactor (puc. 6.10). Busyamusanus pe3yibTaToB CYIICCTBEHHO OOJeryaeT aHalu3
pe3yibTaToB pacuera. [Ipy BH3yalu3aluy pe3yJbTaTOB pacdyeTa MOXKHO BHUJETH
MOJTy4YEHHbIE YMCIIOBBIC 3HAUCHHUS MIEPEMEIICHH, HANPsDKeHNH, YCHIMH U Harpy30K B
YKa3aHHBIX ¢ TOMOUIBIO “MBILIN~ TOUYKAX PAaCU€THOW MOJEIH.

[Mpn Bu3yanu3ammy JOMyCKaeTcs W3MEHATh TIpajaliMio  IBETOB U
HCIOJB30BATh MOJICBETKY. MaHUITynupysl “MBIIIbI0” W (M) KOMOMHHUPYS KITaBUIIH
CTRL wu SHIFT, MOXHO JI€rKO OCYyIIECTBUTh BpalleHHE, MepeMelIeHHe U
3ymMmMmHupoBaHue n3o0paxenus. Mcmonesys Oydep oomerna Windows, MOKHO BBLACTIATH
HYXXHble (parMeHTbl u300pakeHHs (WM TOJHYI0 MOJENb) Uil MOCIEAYHOLIEro
UCIIONIb30BaHMsI TIPH JJOKyMEHTUPOBAHUH PE3yJIbTATOB pacuera.
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Ceanc pabOTEI ¢ KOMIIIEKCOM (KpaTKOe OIICAHHE)

L=acTPa-a3c
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Puc. 6.10 Aaumariusi coOCTBEHHBIX (HOpM KoJIeOaHuit
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7. MacTanasuus koMiuiekca nporpamm cemeiictea ACTPA-HOBA

7.1. CoryanieHue no AMPeKTOPUAM

Jns pabotel komiiekca ACTPA-HOBA B co3faBaeMoil TIpU WHCTAIISIIAN
nupextopun-nanke AstraNova (rmosgp3oBarens MOXKeET 1aTh AUPEKTOPUU IPYyTroe UMs)
pa3MeIaoTcs ClieTyIoNIe TPH AUPEKTOPHH:

— nupekropus BIN, conepkamas ¢ukcupoBaHHBI HAOOp MPOTrPaMMHBIX
MOJTyJIel KOMILIeKca;

— mupexropuss DATABASES, comepikaras mormomHsieMble 0a3bl JaHHBIX IO
CTaJISIM, TPYHTaM U (hIaHIaM;

— JaupekTopusi nonb3oBarelns (no ymomdanuio — DATA), B kotopoit Oyaer
MIPOBOANUTHCSA Ce€aHC pabOThI, U TJI€ Pa3MEIAOTCs UCXOJHbIC JaHHBIE M PE3YIIbTaThI
pacdera; MOXET OBITH pa3MEIICHa Ha JIIOOOM JOCTYITHOM IIOJb30BATENIO MANCKE,
HE3aBHCUMO OT PACIOJIOKEHHUS OCTAIBHBIX AUPEKTOPHH.

7.2. Corstamenue no aiiaam

VcxonHble JaHHBIE pacueTHON MoJenH TpyOOIpPOBOIHON CHCTEMBI XPAaHATCS
B (aiiyax ¢ pacUIMPEHUSIMU:

— .anp (reomerpuueckue, (HUIMKO-MEXaHHYESCKHE, HArPy304YHbIC U JIp.
CBOMCTBa MOJIENIN, CEIICMOBO3/ICHCTBUS — CIIEKTPBI OTBETA M/WIIM aKCeIeporpaMmbl —
BHOpanMOHHbBIE U TMHAMUYECKHE BO3/ICHCTBUS),

— pabounie Gailipl MPOrpaMMBbl CO3MAIOTCS B TOW K€ JUPEKTOPHH, TIE
HaXoJTCs MCXOAHBIE AaHHBIE pacdeTa M MMEIOT PaCIIUpeHHe . XX, rIe XX — HOMEp
(aiina; mociie OKOHYaHUS pacdeTa dTH (HailIbl yIaIsIOTCS.

— Pe3yNbTaThl PAaCUETOB 3aMMCHIBAIOTCS B Ty K€ IUPEKTOPHIO B (hailib
OJHOMMCHHBIC d)al?my C UCXOOHBIMHU JaHHBIMH.

— pesyibTaTaM pabOThl MPOrpaMM KOMIUIEKCA COOTBETCTBYIOT (alibl co
CIIEIYIOIIMMH PACIINPEHUSMHU:

ACTPA-CTAL] .apu, .ite, .rsta, .Ista, .prtc
ACTPA-®OPM hfr, frm, flx, .flr, .prtf
ACTPA-CEHCM .acs, .rsei, .sei, .prts, .smlf
ACTPA-BHEP .rvib, .prtv

ACTPA-THH .rdyn,.prtd, .Idyn
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7.3. Mognepxka nmpoekToB npeabinymux Bepcuiit ACTPA-HOBA

Kommeke mporpamm ACTPA-HOBA 1o03BONsieT OTKpBIBAaTh (halliibl ¢
UCXOIHBIMU JaHHBIMM CXE€MBI, CO3/aHHBIE MPEIBIAYIIMMU BEPCUSIMH KOMILIEKCa
ACTPA-HOBA.

Kommiexc Pacmupenne gaiina
ACTPA-HOBA 6.1, 6.2 dat
ACTPA-A2C-99,-2001* apr
ACTPA-HE®PTEXHM-99,-2001* npr
ACTPA-TOC-2001* tpr
ACTPA-HOBA’2003%*, "2005, 2007, an
2009,°2011, 2013, ‘2015, ‘2017 P

*TIpuMedanue: B yKa3aHHBIX BEPCHAX BO3JEHCTBHUs XPaHATCS B OTAEIbHBIX
¢aiinax (.SSM — ceficMuueckoe, .VOr — Bubparmontoe, .dyn — quHaMIYECKOE).

7.4. KoMILIEKT IOCTAaBKH

B noanviii kommniexm moctaBkM BXOJAT Monynu mpemnpoueccopa IIPE-
ACTPA, Bce pacdetnbie Moayinn (ACTPA-CTAILl, ACTPA-®OPM, ACTPA-
CEHCM, ACTPA-BHEP, ACTPA-JHH, ACTPA-JETA/Ib, ACTPA-CTAJIHO),
Moy mocrnpoueccopa ITOCT-ACTPA, ciyxeOHble NpOrpaMMbl KOMILIEKCA,
WCXOJHBIC JaHHBIC U Pe3yJIbTaThl HPUMEPOB pacyera.

Munumanouwiti komniexm Bkiouaet Moy IIPE-ACTPA, ACTPA-CTAI],
ITIOCT-ACTPA, cnyxeOHbIE TPOTpaMMbl KOMIUIEKCA, WCXOJIHBIE JlaHHBIE U
pe3ysbTaThl IPUMEPOB pacyerTa.

Vuusepcumemcras ~ (obpazosamenvnas)  Bepcus ~ OTIMYAETCS  OT
“koMMepUecKoi”’ He HaOOopoM (YHKIIMH M KadyeCTBEHHBIX BO3MOXHOCTEW, a IJIUIIb
OoJiee CTPOTMMHU OTPaHWYECHUSIMU Ha Pa3MEPHOCTh MOJeNeil (CHIKEHO NOIyCKaeMoe
YHCIIO y3JIOB, CYTIEPITIEMEHTOB, COOCTBEHHBIX 9acTOT M (popM KomebaHwit).

ITonp30BaTeIO MOCTABIAETC:

— MpOrpaMMHBIE MOJYJTH B apxuBrupoBanHoM Buze (.exe u .dll);

— (pailsil TIPUMEPOB-TIPOEKTOB pacueTa — ¢ paciuupenusmu .anp (ACTPA-
HOBA);
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Kommnekcer mporpamm cemeiictBa ACTPA-HOBA moCTaBisoOTCS B BHUJE
CD-nucka u snekrporHoro kimoua 3aumtel (HASP wnun USB, nokanbHoro wm
cereBoro). [TocraBka ¢ JIOKaJIBHBIM KIIFOUOM IpeJHa3HaueHa /i (yHKIUOHHUPOBAHHMS
Ha oo |IBM-coBmectumoii [I9BM (oneparmonnas cucrema Windows 98, ME, NT,
2000, XP, Vista, 7, 8, 10) Oe3 orpanuuenuss mo BpemeHu. Hubopmauus Ha
muctpubytnuBHoM  CD-mmcke  coxpaHseTcs W MOXET — HCIONB30BaThCSA IS
HEOJHOKPATHOW MHCTAJUISIMY (B TOM YHCIIe, Ha pa3HbIX MamuHax). Yucino [I139BM, Ha
KOTOPBIX OJHOBPEMEHHO W HE3aBHCHMO MOXET OJKCIUIyaTHPOBATHCS KOMIUIEKC,
OIIpEIETISIETCSI KOJIMYECTBOM JIEKTPOHHBIX KITIOUEH 3alHUTHI (IS JIOKATBHBIX KITFOUCH)
WM YUCITIOM pab0YHX MECT, MPOIIMCAaHHBIX B CETEBOM KITIOUE.

[Ipu OTCYTCTBHM TUIIEH3MOHHOTO KJIF0Ya ITOCTABJICHHBIN (MJIM CKaYaHHBIH 110
WHTepHeTY) KOMIUIEKC paboTaeT B demo-pexcume.

7.5. Hucranassnus

BAKHO: 3amyck nporpaMMbl HHCTaJULSIIUU JOJDKEH OCYIIECTBIIATHCA OT
uMeHu Ajamunuctparopa. Ecnum y Bac Her Takux mpas, oOpaTHUTECh K CHCTEMHOMY

a/IMUHUCTPATOPY.

Ilopsmox  ycraHoBku mporpammbl  ACTPA-HOBA Ha  KOMIBIOTEP
(o (13201117178

— BcraBbTe HMHCTAWBIIUOHHBI auck ACTPA-HOBA B CD-ROM. {AJIII
HAINCAaTh}

— 3amycTUTe Tporpammy Setup.exe, pacronoxkeHHyo B aupekropun Install
Ha CD, u ciefyiiTe HHCTPYKIUSM MacTepa YCTAHOBKH.

larl = Mar2 =
(JIuensmonHoOE COTJIallICHNE) Hdus (BeIOOp mamkw, B  KOTOpPOH  Oymer
HPOJIOIDKEHUS YCTaHOBKH ClIe/lyeT HaxOIUTCs Gaiin MPOrpamMMbl -
HNPUHATH YCIIOBHS Jlnuensznonnoro  AstraNova.exe, eciu HE00X0AUMO
JIOroBopa HW3MEHUTE BBHIOPAHHYIO 110 YMOIYaHHUIO
Manky,  BOCIOJIB30BABIINCh  KHOTKOH
0db30p)
=1olx|

TuyensHonHoe CornaueHue
npouTie
NpoaOMKITe.

BAKHYI0 MHDOP! nepep Tem, Kak

npouTUTe Corniawerine. Bel AOMKHb!
NPUHSATE YENOBUR 3TOMO COFNALEHHS Nepef TeM, KaK NPOROMKHTL.

BbiGOp Nanky yCTanoBKN
B Kakylo Nanky Bul XOTHTe YCTaHOBMTL ACTPA-HOBA2019?

Mporpara ycranosnr ACTPA-HOBA'2019 & crieayoluyo nanky.

[MIUUEH3MOHHBII JOrOBOP O MPEJOCTABJIEHMM MPABA HA MCTIONb30BAHUE & HaxuuTe «/Janees, UToBLI NPOAOMKATE. ECNM Bbl XOTHTE BHBPATE ADYTYId nanky,

MPOrPAMMHLIX CPEACTB waxmmTe «0630p».

1. MpeaocTaBneH#e NULEHIMU O6op...

I3AO HIILL «CTa/O» NpeaoCTaanseT Bal N0 HACTOALLEMY JTHLEHUOHHO MY

|ncrosopy HencKk/IouNTENBHOE, He NOANEXaLLEE Nepeade NPaso Ha

lucnons208aKHe POrpaMiHOro KomnJekca ACTPA-HOBA (<MIporpanikoe

obecneuetues).

2. Orpakmuenns |

® i npuHUMaI0 Y08 COMNaLeHMS)

(51 He NPUHUMEIO YCNOBHS COTNALIGHMS Tpebyercs kak Munnmyn 99.8 M6 caoboaHoro AMCKOBOrO NpOCTPAHCTER.

o = e | s |
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Iar 3 =

(BBIOOD HEOOXOANMBIX MoJTyJIei
nporpamMmbl.  UtoObl  MOXHO  OBUIO
npocMaTpuBaTh B JIEMO pPEXHME BCe
KOMITOHEHTBI KOMIUIEKCa, BBIOEpHTE BCe

ITYHKTHI)

BbiGOp KOMNOHEHTOB
KaKie KOMMOHEHTbI JOMKHs! B6iTb YCTaHOBAEHSI?

Buibepure

KOTOpHI B8l XOTHTE ]

@ c
KOMTIOHEHTOR, YCTBHABTHEATE KOTOPHIE He TPEGYeTCR, HaxMHTe «/Janees, KOra Bkl
GYAETe rOTOBL NPOZOMKHTE.

99.2 M6
6.9 M6
6.1 M6
5.6 M6
5.6 M6

11.3 M6

106.3 M6

Texyuwii ei6op TpeByeT He MeHee 235.3 MO Ha ancke.

< Hasan Lonee > I

Oriena |

Iar 5 =

(co3manue siprbika Ha paboueM cTose)

112 YcraHoBKa — ACTPA-HOBA'2019

BuiGepiTe ONONHHTENbHbIE 33/aUn
KaKite ZI0TIO/IHHTE bHsle 33/13uH HEOGXOHMO BLINOKITS?

BuIBEpUTE AOMONHITENLHEIR 337134, KOTOpbIE AOMKHE! BLMNONHUTLCA NPH YCTaHOBKE
ACTPA-HOBA'2019, nocnie 37010 HaxmuTe «Jlanee»:

JlononHuTenbHEIR 3HAUKN:

[ iCoanate 3Hauox Ha Paboden crone

lar 4 =

(YkazaHue Ha3BaHHMs TpYIIBI B TpyIIe
Ilpoepammur B MeHto Ilyck paboyero
crona Windows)

16! Ycranoska — ACTPA-HOBA'2019

BoibepuTe nanky B mento «flyck»
Tie NPOTPaMMa YCTaHOBKN AOKHA COIABTS SAPALIKM?

E MIporpania Co3nacT APTIKH B CEAYIOLLEfi nanke MeHio «lycks.

Haxire «/lanees, wrobel npopomkiTs. Ectu e xoTure asibpate Apyryso nanky,
HaxwTe «0630p>.

0fa0p...

< Hazag Janee > I

OTnena

Illar 6 =

(mpoBepka
OTTIIHH)

BCE r0T080 K yCTaHoBKE
TIpOrpaHIa yCTaHOBKH FOTOBE HaUaTs yCTaHoBKY ACTPA-HOBA'2019 Ha Baly
KoMbiOTep.

BLI6paHHI)IX KOMIIOHCHT H

=101

Haxiire «YCranoBiTs, 4ToBt MPoAOmKiTe, Wit <Hasaf, ecut 8bi XoTUTe.
NIPOCHOTPET® W USHEHUTE oMLy YCTaHOSKI.

Manka ycraroaKi: -
C:\Program Files\Astrahova-201811-p1

Thn ycrarosn:
BuiGoposian yCTaHoRKa

BuiGpaHHble KOMMOHEHTE:
ACTPA-MItH
ACTPA-GOPM
ACTPA-BIEP
ACTPA-AH
Mpnhepsl
ACTPA-CTAANO

< o

Otmena

< Hazan I Lanee >

< Hazan | VcTanosiTe

OTHena |

Mocksa, 2023

133



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2023

lar 7 = Illar8 =

(TIporiecc MHCTAIITSAIINN ) (3aBepIIeHHE  YCTAaHOBKHM  IPOTPAMMEI
ACTPA-HOBA " WHCTAJUTSALIUS
JIpaiiBepoB KIII0Ya)

lolx]

YeraHosKa...

Moxanyiicra, nonowanTe, noka ACTPA-HOBA'2019 YCraHOBHTCA Ha BaW
KoHMbioTEp,

il

3asepuweHune Macrepa
ycTaHoBku ACTPA-HOBA'2019

PacnakoeKa Gaiiioe...
C:\Program Files\AstraNova-201811-p1\BIN\STAC.exe

.

Nporparia ACTPA-HOBA'2019 ycTamoSNeHa Ha Bal
KOMMbi0TEp. MPHAGKEHHE HOXHO 3AMYCTHTL C NOHOWII0
COOTBETCTBYI0LLErD 3HakKa.

Haxire «3agepuini», 4robsl Gl 2 nporpanHet
jrat

[V YeranoauTt fpaiieepa knioua HASP

| otmera 3aBepuHTE.

Ilar 9

(ycranoBka xioua HASP HL)

ITopsiok ycTaHOBKU AJIEKTPOHHOTO Kitoua Jijisi mporpammbl ACTPA-HOBA:

— yCTaHOBHTE OJJIEKTpOoHHBIH Kimrou 3ammrel HASP HL B USB-mopr
kommbioTepa. CeTeBoi KIIFOY MOXKET OBITh YCTAHOBJIEH, Kak Ha cepBepe, Tak W Ha
TM00OM KOMITHIOTEpPE CETH,;

— ycraHoBuTe npaiiBepa yctpoictBa HASP, ecnum srto Heobxomumo
(Hampumep, ecian He BeiosHsUIcs Illar 8 mim ceTeBod KIIOY yCTaHaBIMBAaeTCs Ha
cepBepe). s 3TOro cieayer Bocmolsib3oBaThes mporpammoit HASPUserSetup.exe,
Kotopasi pacmonoxena Ha gucke ACTPA-HOBA B nupextopun HASP\Runtime
Environment\Setup;

— obOpaTuTe BHMMaHHe, CCIIM BbIOpaHbI HOPMBI, JIMIEH3USI HA pacueT I10
KOTOPHIM OTCYTCTBYET B 3JIEKTPOHHOM KJIIOue, Imporpamma Oyzaer paborars B Jemo-
pexume. /1151 BIOOpa HEOOXOMMBIX HOPM BOCIIONB3YHTECHh MMyHKTOM Obwyue oanHvle
B MeHI0 /[anHuble,

— B CIOy4yae BO3HHMKHOBeHHMs mpobimem c¢ wmowamun HASP  HL
MIPOKOHCYJIBTUPYHTECH ¢  Bammm  cHUCTeMHBIM  agMuHUCTpatopoMm. s
muarHocthupoBanuss M HacTpoiiku pabotel [IK ACTPA-HOBA: ¢ 31meKTpOHHBIMH
kmrouamu  3amycture HASP  License Manager Admin Control Center (Ilentp
yIpaBJICHUS ¥ aIMUHUCTPUPOBaHUS MeHepkepa murnersnii HASP) mpu nmomomn web-
unrepdeiica http://localhost:1947.

Hlar 10
(BBIOOD 3arpy’kaeMBIX MOYJICH I IPOTPAMMBI C CETEBBIM KIIFOUOM)

IIporpammusiii  kommiuekc ACTPA-HOBA ¢ ceTeBBIM KIIOYOM MOXKET
3aIycKaThCsl C pa3iiMyHbBIM HAa0OPOM MOJTyJIel B 3aBUCHMOCTH OT KOMILIEKTA ITOCTaBKH
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nporpammsbl. J[Jisi HACTPOMKKM KOHKPETHOrO pabo4yero MecTa HCIOJb3yeTCs yTHUIIUTA
Config.exe, xoropas pacnonoxeHa B gupekropur BIN mporpammel u, eciu 310
HE00X0IMMO, 3aIyCKaeTcs pu nepBom 3amycke komiuiekca ACTPA-HOBA.

B Moay v nporpamibl ACTPA-HOBA x|
BHBEPKMTE NPOMpaMMHHE OPONYETH , KOTODHE
OOJIAHH SArpywaTbhCA HAa JaHHOM paSOqu MecCTe
8 Sanycrarh hd
TSC-M (1)
TIC-$OFM { 1 ) ATE i
T3C-CEHCM ( 1}
T3C-BMEE ( 1}
T3C-OMH ( 1)
EHA3C NOJHAA BanycraTs
H ACTPA-CTARAHO SanycKraTh

Mlar 11

(mpoBepka paboTOCIOCOOHOCTH MPOTPAMMBI):

— BOWJUTE B ceaHc PabOThl ¢ KOMIUIEKCOM, JABaXIbl “KIMKHYB” 1O MKOHKE
ACTPA-HOBA’2023,

— JUIsl IPOBEPKH pabOTOCHOCOOHOCTH NMPOrpaMMbl MOXKHO BOCIOJIB30BaThCS
TecTOBBbIM mpumepoM Demo.anp, kotopelid pacmojoxer B mamke ...\DATA\DEMO.
OTOT pUMep BXOAUT B 00513aTETIbHBIH KOMIUIEKT IMIOCTABKH M MOXET OBbITh IPOCUNTAH
6€3 NIEKTPOHHOTO KIIF0Ya 3aIINTHI,

— TIPUMEpBI PAacUeTOB PEaJbHBIX TPYOOIPOBOAHBIX CHCTEM C BO3MOXHBIMHU
JIEMEHTAMU M XapaKTEPHBIMH MPHUEMaMH MOJICIUPOBAHHS B CIIydac MX yCTaHOBKH
npu  wHCTaumuK (mar 3) Haxoastcs B jaupektopud ...\DATA\EXAMPLES
(BappHpPYIOTCS B 3aBUCHIMOCTH OT HHCTaJUTMPOBAHHOI OTPACIEBON BETBH);

— JleTaJbHOE OIHUCAHHE HCXOJHBIX JaHHBIX W pE3yJbTaTOB pacueToB
TECTOBBIX TPHMEPOB COAEPXKUTCS B oOTAenbHOM JgokymeHTe “ACTPA-HOBA.
TecToBele TpUMEPHI”, KOTOPBIH MOXET OBITh MPEJOCTaBIEH IOJIE30BATENSAM IO
crienmanbHOMy cornamenuo. {AMB kakoe Takoe cornamieHue?}

Buaumanmue!!! ITo xxenaHuio moap30BaTeNs YUCIO HOCTABIAEMBIX «TECTOBBIX)»
MIPUMEPOB MOXKET OBITh CYNIECTBEHHO YBEIMYEHO (B TOM 4YHCIE, TecTaMd Ha

MOJ3eMHbIE TPYOONPOBO/BI, MATPHUYHBIE CYIEPIIEMEHThI W yTOUHEeHHbI MKD-
anamu3 aeraneit TC).

Mocksa, 2023 135



“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2023

IEE ©ovn foweme Vescton Pacuer | Mpocvorp Peasxtop Bua Ok 7
/D 7

Sl #e =R |]E!mpy‘s

aanerue
PagHOCTb TeMNEpaTyp

PacnpeaenenHsa Harpyaka no X1
PacnpenenenHas Harpy=ka no X2
Pacnpeneneras Harpyska no X3

Pacnonoxesmne macc

HacTpovika Tabnmu LeeTos
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ifnyed| S @ @ S| [ acTPatiosa G2 =mRSTE 15
Puc. 7.1.1 Tlpumep TEST1 (4CTPA-HE®TEXHM) — nioniHast MOJIeJb, COCTOSIIIIAS U3
24 onuHAaKOBBIX BeTBel (768 cymepanemMeHnToB, 433 y3mna, 7128 aneMeHTOB)

PEACTPA-HE®TEXMM. test] - [Beck TpyGonposoa.]
IBE ®ovn Oowewe Vusctkw Pacuer Mpoovotp Peasktop | Bug Oweo 7
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MapameT psi pocHaTPs.
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TaHE MM UHETPYMEHTOR

MonHan Mogens

I
nye| |2 @1 = H EE ACTPAHOBA B Timodn.doc- hicro..| G ZmR GG 1538
Puc. 7.1.2 ITpumep TEST1. ®parmeHT 3aBepuaroiieil 4acTi MOICIIN
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0 A @ e epemeweHms a epexon onogHoro B paouee cocToaHue _ =] x

BE ®ain Pesynetate B LA nep 4B HempEKeHA  HecTpoika Pegsktop Bug  Okko 7 =R

B R |

] \

R nyex| | 2 @ 1 “ IS AcTPA-HOBA G AWK OTNE 1558
Puc. 7.1.3 Ilpumep TEST1. PacueT Ha cTaTHYECKYIO U IMUKINIECKYIO IPOYHOCTH —

BU3yaJIM3alsl epeMelieHni otana 3 (epexo]] U3 X0JIOHOro B paboyee COCTOSIHUE)

0 A @ e PacueTHbie Hanpaxenns. OT BECa W 1aBneHns mE B
B cavin Pesynotare B n B Hampserni  HacTporka Pegaktop Bua Okng ? BoccTaHoenTs
[BDEd 5 ? B[R |[Fomyimen Zl# |aaaav|(oc|co[arva [ —

3

=

\
Anyex||| 2 @ @ o ||[BEacTPatoBA | BYTINEs doo-Micros | J 2w ST 61
Puc. 7.1.4 IIpumep TEST1. PacueTHbie HanpsKEHUS OT Beca U JIaBJICHUS

Mocksa, 2023 137



138

“CemelicTBO” IporpaMMHBIX KoMIuiekcoB ACTPA-HOBA 2023

HEMPEACTPA-ASC. test? - [Becs TpyBonposon ]
IBE ®ovn Oowrme Vusctkn Pacier Mpoovotp Peascrop Bag Owko 7

_|=[x
|DEHE |82 [8 B [ wyoomorns =) &

ATy o G
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\
nyee] |S @ W < |IEAcTPAHOBA | BE]aoeienti-Mico. | G 2B OTNE ee
Puc. 7.2.1 Ilpumep TEST2. O0muii Bug moaenu — 289 cynepaneMeHTOB,

223 y3na, 2182 sanementa

HENPEACTPA-ASC. test? - [Beco TpySonposon ]

IBS dain Qavmme YaacTkn Pacuet MpocqoTp Pegaktop Bua  Okko 7

EEClEREDD =

M E3
_|=| x
laaaey (oo g0 (4r(va [T

I
gBnye |2 @ e H EEACTPAHOBA | B TESTZMOD dac- M. G- 2 MY DTE 152

Puc. 7.2.2 Ilpumep TEST2. ®parment Monenu
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£ NOCTCTALI-ASC. test? - [Mepememenma. 3tan 3 - MNepexon U3 xonoaHoro 8 pabiouee cocToskume]

2E weitn Pesynorato B s nep 4 B LuAg Hanp % Hactpobika Penaktop Bua Oko 7

r:
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BH[% 7 [E|R |[roomen |
ol 7

I
iBye| | & @ 5 ||[EEacTratosa ARG 5o
Puc. 7.2.3 Ilpumep TEST2. IlepememnieHns mpu nepexoe
13 XOJIOAHOTO B pabodee COCTOSTHUE

Dan  Pesynotatol B LS e i Hanpsxenin  HocTpoika Peaktop Bun OkWo 7
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sAnyox| |2 € 4 % |[EBacTParonA | B]T2ares doo-Micros | ¢ 2B GG 5%

Puc. 7.2.4 ITpumep TEST2. OTHOCUTENbHBIE HANPSKEHUS 110 Tpynme 3
(pa3maxu HarpsHKeHU)
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HENPEACTPA-TAC test3 - [Becs TpyBonposon ] | [=]x]
IS @on Oewrsie YuacTkw PacueT MpocvoTp PedakTop Bua Okio 7 [Cospryme]

[RER=2=REN R - NN | yeer— =l| & [aaaev(co|co|[ar(vya [

slirye | & & % | [Brcroanonn ] C CRT
Puc. 7.3.1 Ilpumep TEST3. Ilonnas pacuetHas monueib — 179 cynepanieMeHToB,
116 y3noB, 1831 anement

HENOCTCTALTAC. test3 - [Mepermewenns. 3Tan 26 - Bee war pyaky 8 pabouer cocTosHum]

22 vapin Pesynerate B LA nep! B L Hanp: " HacTpoiika Pegaktop Bua Okno ? W
AN | o |laqaey co|ci(ar|(va [

I
v 8 @ W 5 |[EEacTPatioBs  BTESTmoddoc-M.| G 2w ST 54

Puc. 7.3.2 Ilepememenns Ha stane 2b (pparment moaenm)
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IEE ©ann PesyneTate B nep

P EN

I
#Rnyee| |2 € (%9 || acTPationa | Bevss dos-Misosot | BG4 =T

Puc. 7.3.3 Pa3zmaxu HanpspkeHHH (pparMeHT MOJICITH)
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HHbIE rpadUKN HAPsHKEHUI B CEYEHHU OT CeiiCMOBO3/IeCTBYS,
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p PA » TpyBonposon _[a]x

IE= ®aiin Nawee YuacTs Pacuet MpocvoTp Pegactop | Bun OkWo 7 = x

/D™ | e = HIEechrpyEanDBDn || #4 v MoacseTca [=INCRINIE N N VY |J’_J—
Bunets sce

Bua mogeni v
u F 3 v Het
¥ " Tonsko ya el

Y306l 1 CEHEHNA

MapameTps pocMoTRE.
o lpMpT AnA HOMERoE y2N0E
WpHET A7A HOMEPOE CEUBHMMA

TloHe M MHCTpyMEHTOE

Foepaa \

\Eml’lyckm Sers H IES ACTPA-HOBA ] fokymenT! -Micro | NiRaL | 4EF \=REA

Puc. 7.4.1 Tlpumep TEST4. Pacuetnast Mojens — 56 cynepasieMeHTOB,
50 y37n0B, 620 3IeMEeHTOB

PEACTPA b Tpybonposoa. Pacnpenenennas Harp ano o =
IS ©apn Oamume VuacTkw PacieT MpocmoTp Pegsktop Bun Okko 7 _|=]x
|DZE (82 8B ||[om o =l & [aaaayco(colarva [T

I
nyee| |2 @ = H |EE ACTPA-HOBA G 2BK I s

Puc. 7.4.2 Tlpumep TEST4. Pacnipenenennas Harpy3ka
pacUeTHON MOJIE/H [0 BEPTUKATIBHOM OCH
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= MOCTCTAL-TAC. testd - [Mepemewenna. ITan 26 - Bee Harpyakin & pabouem coct oanuu]

IBE Do Pesynerare B Luis H B LR HanpskennA  HacTpodica PenakTop Brn Okeo 7 _|=| %

IEEC I N | [aae@ay oo 4r(va | —fF

| \
Ry [ S @1 = H EE ACTPAHOBA ) Qoymient! -Micra.. | G 2B OTWE 1314
Puc. 7.4.3 Tlepememenus “Bee Harpysku B pabodyem cocrosauu ~ (Macrirab 20)

0 p £5t4 - [PacueTHHE HANPAXEHMA. 3Ta mE
B @ain Pesynerare B L5 nep ] s Hanp % Hacrpofika Pegsctop Bma Okno 7 HNER
|DE@ k? [E(R [[Fomrmmees o # [aaeycao o[« va [

I
sy | @ €A [Bacroarons
Puc. 7.4.4 Tlpumep TEST4. Pacuer o ACTPA-TIC, nanpsixeHus Ha 3 dTare
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H=noCcT®0PM-HEPTEXUM. testd HEH

Paiin PesyneTaTe PeaskTop Bua Deeo

DS P ? 2B |5 myiormoron | & [aaaey[cclco[ar(va [T fF ‘

TE Gopma Ne 60 (uacToTa 15,3894 [ ) M= || = Popra Ne 16 (uacToTa 5.09347 Mu) [_ O] %]
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-z e
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L= @opma Ne 33 (uacToTa 9.79197 Tu)

— .
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Puc. 7.4.5 Tlpumep TEST4. Auumanust popM cOOCTBEHHBIX KOJICOAHMUIT ISl YEThIPEX
yacToT. OO11ee yrcio creneHel cBo00 b pacueTHON Mozenu 635,
YHCIIO0 OMpeeNsieMbIX yacToT — 50, 4ucio urepanuit — 82
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8. ConpoBo:xkaenue u ooHoBIeHue cemeiictBa ACTPA-HOBA

8.1. ConpoBoxaeHre u OOHOBIIEHHE JIETaJbHO NPUOOPETEHHOH BepcHU
KOMIUIeKca  (WJIM  HECKONbKMX  KOMIUIEKCOB ~ CEMEHCTBa)  OCYIIECTBISAETCA
NOCTABIIMKOM — pa3pa0OTYMKOM HWIIM JUCTPUOBIOTOPOM — B TeueHHe 12 MecsleB
rociie 3a)MKCUPOBAHHOM aThl IOCTABKH.

ConpogooicOenue BKIFOYALT:

— 9KCHpecc-00yueHHe MMoJIb30BaTeNeH 110 B3aMMOCOTJIACOBAaHHON MPOTpaMMe;

— “ropsa4uyro” TeneOHHYIO JIMHUIO B Pa0OUre Jackl M OTBETHI HA BOIPOCHI
noJip3oBaresnei mo e-mail,

— BBIC3/] CTICIIHAITICTA HA MECTO B CITydae HEBO3MOXKHOCTH PEIIUTh BOTIPOC IO
tenehony wi mo e-mail,

— aHaNM3 “HECTaHHAPTHHIX CHUTyalllii W KOHCYIBTATHBHYIO ITOMOIIb MpH
pacdeTax CIIOKHBIX CHCTEM;

— pa3MelleHHe U TIOCTOSIHHOe OOHOBJICHHUE TI0JIe3HOH MH(pOPMAIMK Ha caiite
paspaboTumka/mocTaBirka WWw.stadyo.ru;

— 3aMeHa DJeKTPOHHOTO KiIoYa B CiIy4ae €ro HEYMBIIUIEHHOTO
TTOBPEKICHHUS.

OO0HoBIeHNE BepcHH (TIPH BBIXO/I€ HOBOTO pelin3a — HE PeXke OJHOro pasa B 5
— 6 Mecs1eB) MOXKET BBIMIOJHATHCS JIMOO MPEICTABUTENSIMU TTOCTABIUKA MO 3apOCy
M0JIb30BaTeNs, JIMOO CaMHUMM TOJIB30BATENISIMH — CKAauKOW HOBOW BEpPCHHU C caiTa
paspabotunka HUL] Cta/lnO (www.stadyo.ru) wim nuctpubbrotopa.

8.2. TlonHoueHHOE COMpPOBOXAcHHEe u OOHOBieHue (m. 8.1) meranbHO
MPUOOPETEHHON BepcHUM KOMIUIEKCa 3a “Tpeaenamyu’” TEpBBIX 12-m MecsieB
BEITIOJTHACTCS TIPH YCIOBUH 3aKIIOYCHHUS COOTBETCTBYIOUIETO JIOTOBOpAa HAa HAYYHO-
METOJMYECKOE COMPOBOXKICHHE. [IpH OTCYTCTBHM Takoro JOTOBOpa MOJB30BATENb
HEOTPaHUYEHHO JIOJITO MOKET AKCIUTyaTHPOBATh CBOIO HEOOHOBIIIEMYIO BEPCHIO, a W3
YCIYT MOCTABIIMKA JOCTYIHbI MH(GOPMAIHs Ha caidTe, 3aMeHa JIIEKTPOHHOTO KIIIYa
(IpH ero HEYMBIIIJICHHOM MTOBPEXACHUH) U, TIPH 00HAPYKEHUH MOJIb30BaTEIEM paHee
HEBBUIBIICHHBIX ~HETOYHOCTEH (HEKOPPEKTHBIX PEXHMMOB) IIPOrpaMM, 3aMeHa
COOTBETCTBYIOLUX MOJYJIeH Ha UCIPaBJICHHBIE.

8.3. Cnenuanu3upoBaHHbIe “NOTHOICHHBIC KYPChl 00YUYCHUS, BKIIOYAIOIIHC
He ToNbKo nu3ydeHue Bo3moxHocrel [IK ACTPA-HOBA, HO u (4TO, KaK TIOKa3bIBACT
MIpaKTHKa, 00Jiee BaKHO U AaeTcs OOIBIIUMHI YCHIMSAMH) OOIIME BOIIPOCHI TOCTPOCHHS
pacyeTHBIX Mojesel, HOpMAaTUBHO-METOIUUECKYI0 0a3y BBIITOJHEHHS MPOYHOCTHBIX
pacyueToB | psi IPYTHX, POBOAATCS Pa3pabOTINKOM B paMKaX OTACIBHOTO JOTOBOPA
IO TIPOTpaMMe, OIyOIIMKOBAHHOM Ha caiite Www.stadyo.ru.
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Jlutepartypa

1. Hopmbl pacueTa Ha NpPOYHOCTH OOOPYAOBaHHSI U TPyOONPOBOIOB
aTOMHBIX dHepreTHueckux ycraHoBok. [THAD I'-7-002-86. M., DHeproaroMusaar,
1989 .

2. HopMbl pacueTa Ha MPOYHOCTh CTAI[HOHAPHBIX KOTJIOB U TPYOOIIPOBOJIOB
napa u ropsueii Bomsl. PJ] 10-249-98 (¢ Usmenenusmu Ne 1 PJIN 10-413(249)-01
or 13.07.2001 r.). M., 2001 r.

3. Yka3zaHus MO pacueTy Ha MPOYHOCTh M BHOPAIMIO TEXHOJOTHMYECKUX
cTanbHBIX TpyOonposoaos. PTM 38.001-94. M., 1995 r.

4. TpyOonpoBonsl TexHoJoTM4eckne. HopMmbl M MeTonsl pacdera Ha
MIPOYHOCTD, BUOparmio u cericmmueckue Bozneiicteusa. [OCT 32388-2013. M., 2014
T.

5. Hopmer pacuera Ha IpOYHOCTH TPYOOIIPOBOIOB TEILIOBEIX cereit. PJ] 10-
400-01. M., 2001 r.

6. Cern temoBble. HopMel M MeTonpl pacyera Ha IPOYHOCTb H
ceiicmuueckue Bo3aeiicteusa. TOCT P 55596-2013. M., 2014

7. Maructpanbubie Tpyoonposoasl. CHull 2.05.06-85. M., 1985 r.

8. MaructpanbHbie TpyOonpoBoabl. AkTyanusupoanHas penakuus CHull
2.05.06-85*. CI1 36.13330.2012. M., 2013 1.

9. MarucrpasibHble ra30npoBojbsl. HopMbl MPOEKTHPOBaHMS HA JaBJICHUE
ceoiie 10 MITa. OcnoBable TpeboBanus. [OCT P 55989-2014. M., 2015 r.

10. Mectopoxknenuss  HedTsHBIE ¥ rasoHedTsHBIE. [IpOMBICTIOBBIC
Tpy0omnposoabsl. Hopmer mpoextupoBanus. [OCT P 55990-2014. M., 2015 r.

11. deramu TpyOompoBoaoB Ha nasienue cBbime 10 mo 100 MIla. Hopmst
U MeTobl pacuéra Ha mpouHocTh. P/ PTM 26-01-44-78. M., 1978 r.

12. TpyOb1 u peranu TpyOompoBofoB Ha napienue cBbime 100 mo 320
MIIa. Hopmsl u metozbl pacuéra Ha npouHocts. [OCT P 55600-2013. M., 2015 r.

13. TpyOonpoBonsl CynoBble. MeTonuka pacyeToB Ha CTaTUYECKYH0 U
MaJIOIMKIIOBYIO MpouHocTh. P/I5P.4322-86, M., 1986 .

14. ®naHneBble COSNUHEHHsST CYAOBBIX TPYOONPOBOJOB M CHCTEM.
MeTtoauka U HOpPMBI pacdyéra Ha MPOYHOCTH U MmiIoTHOCTh. PIISP.5137-73, M., 1973
T.

15. Pacyer TpyOONpOBOIHBIX CHCTEM AaTOMHBIX OJIEKTPOCTAHIMH Ha
npouHocts. PTM 108.020.01-75. M., 1975 r.

16. ASME Boiler and Pressure Vessel Code, Section III “Rules for
Construction of Nuclear Facility Components”, Division 1 — Subsection NB, Class 1
— Components, NY 2010

17. Betbop ympyrux omop Uit TPyOOIpPOBOAOB TEIDIOBBIX M ATOMHBIX
anekrpocrannuii. PTM 24.038.12-72. M., 1972 1.

18. Cocynsl u ammaparhl cranbHble. Hopmbl M MeTOIBl pacuera Ha
NPOYHOCTh MPH MAaJOIKUKIOBEIX Harpyskax. I'OCT 25859-83 (CT COB 3648-82).
M., 1983 .
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19. TexHuka KpHOTE€HHas W KPHUOTCHHO-BakyyMmHas. CoOCyOsl M KaMephl.
Hopwmer 1 MeTop! pacueTa Ha MPOYHOCTb, YCTOMYMBOCTB U JIOJITOBEYHOCTH CBAPHBIX
koHctpykuuii. OCT 26-04-2585-86. M., 1986 r.

20. Cocyzsl u ammapaTbl BEICOKOrO AaBieHUs. HopMbl H MeToxbl pacyera
Ha nipouHocTh. OCT 26-1046-87. M., 1987 1.

21. CrpourenbcTBo B ceiicMuyeckux paiionax. CHull 11-7-81*. M., 2007 r.

22. CtpourenscTBo B celicMuyeckux paiionax. CII 14.13330.2011. M.,
2011 r.

23. HopMbl mpoeKTupoBaHus ceiicMOCTONHKMX aToMHBIX cTanimid HIT-031-
01. M., 2001 r.

24. Harpy3ku u Bo3melcTBusl. AkryanmsupoBaHHas penakuust CHull
2.01.07-85*. CII 20.13330.2016. M., 2017 .

25. CtpourtenbcTBO B ceficMmuecknx paifoHax Ykpawnsl. JJBH B .1.1-
12:2006. Kues, 2006 t.

26. Meromuka pacu€THOrO aHajaM3a CEHCMOCTOWKOCTH  3JIEMEHTOB
nmeiicteyfomux ADC B paMKax MeToAa TpaHHUYHOW ceiicMocToiikoctu. MT-
T.0.03.326-13. I'TT «<cHADK «9HEPTOATOM», 2013 1.

27. PYyKOBOACTBO MO pacyeTy M  KOHCTPYHPOBAHUIO  TPOHHHKOB
TEXHOJIOTUYECKHX TpyOonpoBoaoB. M., ['unponpoexr, 1984 r.

28. PyKoBOJCTBO MO 0OOCHOBaHHMIO HpOuYHOCTH TpyoOompoogoB ADC (3
penaknus). M., ASII, HUI] Cra/luO, 1991 r.

29. IIpy>XuHBI BUHTOBbIC IUJIMHAPHYECKHE IS TTOJIBECOK TPYOOIPOBOIOB
TOC u ADC. Koncrpykuus, pasmepsl u TexHudeckue TpeboBanus. OCT
108.764.01-80, HITO LIKTH, 1981 r.

30. [Mogseckn TtpyOompoBogoB TOC u ADC. I[lpyXuHBI BHHTOBBIE
mumHApudeckue. Konerpykmus u pasmepel. OCT 24.125.109-01, HIIO LKTH,
2001 r.

31. OrpacneBass  HOopMmanb. Omnopel ¥ TOABECKHM  CTAHIIMOHHBIX
TpyOonpoBoaoB. [TpyKUHBI UITHHAPHUUECKHE BUHTOBbIE. COPTAMEHT U TEXHHYECKHE
TpeboBanus. MBH 049-63. M., 1963 r.

32. Yeprexxu 01-26-02, 01-21-03, 082-00-00, 67-00-00-A. Ipemnpustue
/s A-7631, 1976 r.

33. LISEGA Standard Supports. LISEGA GmbH., 2010 r.

34. Jletanu u cOOpOYHBIC CAMHUIBI M3 CTAJICH ayCTEHUTHOTO Kjacca Jyis
TpybonpoBogoB ADC DH=14-325mm. Tunsi, koHcTpykuust ¥ pasmepbl. OCT
24.125.01-89 — OCT 24.125.26-89. M., 1991 r.

35. llerasm 1 cOOpOYHBIE €NMHMIBI M3 CTalEH MEPIUTHOrO Kiacca JUis
TpyborpoBogoB ADC DH=16-720mm. Tunsi, xoHcTpykuust u pasmepsl. OCT
24.125.30-89 — OCT 24.125.57-89. M., 1991 r.

36. CrasibHBIE TPYOOIPOBOJBI C 3aBOJACKOW TeIUIOrHApoU3oIsiueil. M.,
HITO “Crpottnommmep”, 2002 r.

37. Jleranu u cO6opounslie equHuLBl Tpy6ornpoBoaoB AC Py, < 2,2 Mlla
(22 xrc/xB. cm), t <= 300 °C. TpyOsl kKpyTOH30THYTHIE. KOHCTPYKIMS U pa3Mepsl.
OCT 34-10-421-90 (c Usmenenussmu N 1, 2). M., 1990 r.
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38. Jlerann u cbopounsie exuHuLbl Tpy60onpoBoaoB AC Py < 2,2 Mlla
(22 xrc/xB.cM), t <= 350 °C. TpyOw kpyromsorayrteie. OCT 34-42-662-84 (c
M3menenwsimu N 1, 2, 3, 4, 5).

39. TpyOsI cranbHbie dneKTpocBapHbie mpsmMoiioBHbie. Coprament. [OCT
10704-91 (c Usmenenmsivu N 1, 2). M., 1990 r.

40. TpyOsI cTaybHBIC OECIIOBHBIE AJISI MAPOBBIX KOTJIOB U TPYOOIPOBOAOB.
TV 14-3P-55-2001. M., 2001 .

41. KomneHcaTop oceBod onHonMH30BBIM Ha Py, <= 1,6 Mlla (16
krc/kB.cM). Konerpykims u pasmepsl. OCT 34-10-569-93. M., 1993 .

42. KomneHcatop oceBoil aByxmuH3oBeIf Ha P, <= 1,6 MIla (16
krc/kB.cM). Konerpyknus u pasmepsr. OCT 34-10-570-93. M., 1993 .

43. KomneHcatop oceBoil TpexnuH30Bbli Ha Py <= 1,6 MIla (16 krc/kB.cM).
Koncrpyxuns u pasmepsr. OCT 34-10-571-93. M., 1993 r.

44. KomneHcaTop OCeBOH 4eThIpexiMH30BbIH Ha P, <= 1,6 MIla (16
krc/kB.cMm). Konerpykius u pasmepsl. OCT 34-10-572-93. M., 1993 .

45. Jlerann u c6bopounsle exuHUIBI Tpy6onpoBogos AC Py < 2,2 MIla
(22 krc/xkB.em), t <= 350 °C. Ilepexomsi Touensie. OCT 34-42-664-84 (c
M3menenuwsimu N 1, 2, 3, 4). M., 1984 r.

46. Jleranu u cbopounsle equHUIBI Tpy6onpoBoqoB ADC Py < 2,2 MIla
(22 xrc/em2), T <= 350 °C. Ilepexonpl CBapHbIC JHUCTOBbIC. KOHCTpYKIHs U
pasmepbl. OCT 34-42-665-84 (¢ Usmenenusamu N 1, 2, 3, 4). M., 1984 r.

47. Jlerann u c6opouHsle exuHHIBI TpyoonpoogoB AC Py < 2,2 MIla
(22 xrc/kB. cm), t <= 300 °C. Ilepexons! OecmoBHBIC. KOHCTPYKIIMS 1 pa3Mepsl.
OCT 34-10-422-90 (c Usmenenusamu N 1, 2). M., 1990 T.

48. Jlerann u cbopouHsle eIMHHLBI Tpy6onpoBogos AC Py < 2,2 MIla
(22 xrc/xB. cm), t<=300 °C. Iepexoms! ToueHsle. Korcrpykius u pazmepsr. OCT
34-10-423-90 (¢ Usmenenusimu N 1, 2). M., 1990 r.

49. Jletamn u cOopouHsle eauHUIBI TpyoonpoBoaoB AC P < 2,2 MIla
(22 krc/kB. cm), t<=300 °C. Ilepexoabl cBapHble JIUCTOBble. KOHCTpYKUHUS |
pazmepbl. OCT 34-10-424-90 (¢ Usmenenusmu N 1, 2). M., 1990 1.

50. Jeranu u cOopounsie eauHuIbl Tpydoonpooaos AC P, < 2,2 Mlla
(22 krc/xB. cm), t<=300 °C. OTBOABI KPYTOM3OTHYTHIe. KOHCTPYKIUSA U pa3sMephl.
OCT 34-10-418-90 (c Uzmenenusmu N 1, 2). M., 1990 1.

51. Jlerann TpyOOMpOBOIOB CTaNbHBIE OECHIOBHBIE MpPHBapHbIE Ha Pps <
2,2 MIla (22 krc/kB. cM) Al aTOMHBIX M TEIUIOBBIX 3JeKTpocTaHImid. OTBOIEI
kpyrousorayteie. Koncrpykius u pasmepsl. OCT 34 10.699-97 (¢ M3menennem N
1). M., 1997 r.

52. Jlerann u cbopounslie exuHULBl Tpy6onpoBogos AC Py < 2,2 MIla
(22 xrc/xB. em), t <= 300 °C. OtBomsl THyTHIe. KoHCTpyKIHst 1 pazmepsl. OCT 34-
10-420-90 (c U3menenmsmu N 1, 2). M., 1990 r.

53. OtBozp! THyThIe i napornpoBoaoB TOC. KoHCTpyKust U pa3Mepsl
OCT 108.321.18-82 — OCT 108.321.21-82 (¢ Usmenenusmu N 1, 2, 3, 4, 5). M,,
1982r. M., 1982 r.

54. Jleranu u cOoopounble eanHuLbl TpyoonposogoB AC Ppab < 2,2 MIla
(22 xrc/kB.cm), t <= 350 °C. Tpoiinuku cBapHble paBHonpoxozaunsie. OCT 34-42-
675-84 (c Usmenenusmu N 1, 2, 3, 4). M., 1984 r.
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55. Jleranu u cO6opounsle equHuLBl Tpy6ornpoBoaos AC Py < 2,2 Mlla
(22 krc/xB.cM), t <= 350 °C. Tpoiinuku cBapusle nepexonaasie. OCT 34-42-676-84 (c
Wamenennsmu N 1, 2, 3,4, 5). M., 1984 r.

56. lleramn u cOopounsle eauHUIBI Tpyoonpooaos AC P < 2,2 MIla
(22 xrc/xB.cm), t <= 350 °C. TpoiHUKH CBapHbBIE PABHOIPOXOIHBIE C HAKJIAIKOM.
OCT 34-42-677-84 (c Usmenenusamu N 1, 2, 3,4, 5). M., 1984 .

57. Jleranu u c6opounsle equHHIBI Tpy6onpoBoaoB AC P < 2,2 Mlla
(22 krc/kB.cm), t <= 350 °C. TpoliHuKH cBapHbIe Iepexojanble ¢ Hakitaakod. OCT
34-42-678-84 (c Usmenennsmu N 1, 2, 3,4, 5). M., 1984 r.

58. Jleranu n c6opounsle eauHULBI Tpy60npoBoaoB AC Pe < 2,2 Mlla
(22krc/xB. cm), t<=300 °C. Tpoiinuku cBapHsle paBHonpoxoaubie. OCT 34-10-510-
90 (c U3menenusmu N 1, 2). M., 1990 .

59. Jleranu n c6opounsie eauHULBI Tpy60npoBoaoB AC Pe < 2,2 Mlla
(22 xrc/kB. em), t<=300 °C. Tpoitauku cBapusle nepexognasre. OCT 34-10-511-90 (c
Wamenenmsimu N 1, 2). M., 1990 .

60. eramu n cOopounsie exuHUIE Tpy6onpoBogoB AC Py.g < 2,2 MIla
(22 xrc/xB. cm), t <= 300 °C. TpolfHHUKHU CBapHBIE PaBHOIPOXOIHBIE C HAKIIAJKOM.
OCT 34-10-512-90 (c Usmenenusmu N 1, 2). M., 1990 r.

61. Jleranu u c6opounsle eauHULBI Tpy60npoBonoB AC Pe < 2,2 Mlla
(22 xrc/kB. cm), t <= 300 °C. TpoiiHuku cBapHbIe nepexojanbie ¢ Haknankoi. OCT
34-10-513-90 (¢ U3menenusmu N 1, 2). M., 1990 r.

62. ok TOABECKHM XOMYTOBBIH JUISi TOPH3OHTAIBHBIX TPyOOIPOBOJIOB.
Koncrpyxkuns u pazmepst. OCT 34-10-725-93. M., 1993 r.

63. Onopa xomyTOBas CKoOJb3siIast. Turmel 1 ocHoBHbIE pasmepbl. OCT 34-
10-617-93. M., 1993 .

64. IIpoxmaaku TIockue 31acTuaHble. OCHOBHBEIE ITapaMeTphl U pa3Mephl.
I'OCT 15180-86. M., 1986 .

65.TOCT  24705-2004 (UCO  724:1993)  OcHOBHBIE  HOPMBI
B3auMo3ameHsieMocTu. Pe3n0a MeTpuueckas. OcHoBHbIE pa3Mepsl, M., 2005 T.

66. Kommiekc nporpamMmm ACTPA-ADC (DOS-Bepcus 6.1).
ABTOMaTH3UPOBAHHBIA pacdeT TpyOormpoBoaHBIX cucteM ADC Ha CTaTHYECKYIO U
LUKJIMYECKYIO MPOYHOCTh, Ha CEHCMHUYECKHE BO3JECHCTBHS, Ha BHOPOIIPOYHOCTH U
HEYCTaHOBUBILIHMECS JHHAMHYECKHE IIPOLECCHl B COOTBETCTBHU C TpPeOOBaHUSIMHU
Hopwm ITHAD I'-7-002—86. O6miee onmcanue kommiekca. M., HULL CraluO, 1991
T.

67. Komrmiekc porpaMm ACTPA-ADC (DOS-Bepcus 6.2).
ABTOMaTH3MPOBAHHBIA pacueT TpyOOnpoBoaHBIX cucTeM ADC Ha CTaTHYECKYI0 U
IIUKJIMYECKYIO TPOYHOCTh, HA CEHCMHUYECKHE BO3JEHCTBHS, Ha BHOPONPOYHOCTh U
HEYCTAHOBHUBILIHECS IMHAMUYECKHE IIPOIECCHl B COOTBETCTBUH C TPEOOBAHHAMHU
Hopm ITHAD I'-7-002—-86. Obmee onmcanme kommiekca. M., HULL CraluO, 1996
T.

68. Kommiekc mporpamm ACTPA-HE®TEXHWM (DOS-Bepcust  6.2).
ABTOMaTH3UPOBAHHBIA pacyeT TpPyOONPOBOAHBIX CHUCTEM HE(DTEXUMUYECKUX U
HedrenepepabaTblBalOINX MPOU3BOJCTB HAa CTATHYECKYI0 U IHUKIMYECKYIO
NPOYHOCTh M Ha BHOpompouHocTh ¢ TpeboBaHusmMu PTM 38.001-94. OoOmiee

onucanue komruiekca. M., HULL Cra/luO, 1996 1.
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69. Kommiekc  mporpamm  ACTPA-ADC-99 (Windows-Bepcust).
ABTOMAaTH3UPOBAHHEIA pacdeT TpyOompoBoaHBIX cucTeM ADC Ha CTaTHYECKYIO U
LUKJINYECKYIO0 TPOYHOCTh, HA CEHCMMYECKUE BO3/AEHCTBUS, Ha BHOPONPOYHOCTh U
HEYCTaHOBUBINHECS JUHAMHYECKHE IIPOLECCHl B COOTBETCTBHU C TPEOOBAHUSIMHU
Hopwm ITHAD T'-7-002-86. O6mee onucanue komiuiekca. M., HULL Cta/luO, 1999
T.

70. Kommeke mporpamm ACTPA-HEOTEXHMM-99 (Windows-Bepcus).
ABTOMaTU3UPOBaHHBIA pacdeT TPyOONPOBOJHBIX CHUCTEM HE(MTEXUMUYECKUX U
HedTenepepabaTbIBAlOIMX IPOU3BOJCTB HA CTATHYECKYI0 U IHUKIMYECKYIO
MIPOYHOCTh M Ha BHUOpompouHocTh ¢ TpeboBaHmsmu PTM 38.001-94. OOmee
onucanue komruiekca. M., HULL Cra/[uO, 1999 r.

71. Kommiekc  mporpamm  ACTPA-ADC-2001  (Windows-Bepcus).
ABTOMaTH3UPOBAaHHBIA pacueT TpyOOonpoBomHBIX cucTeM ADC Ha CTAaTHYECKYIO U
LUKJINYECKYIO TIPOYHOCTh, Ha CEHCMHUYECKHE BO3JICHCTBHS, Ha BHOPOIPOYHOCTDh U
HEYCTaHOBUBINHECS IHHAMHYECKHE IPOIECCHl B COOTBETCTBUH C TPEOOBaHHAMHU
Hopwm ITHAD T'-7-002—86. O6uiee onucanue komruiekca. M., HUL[ Cta/luO, 2001
T.

72. Kommiexe mporpamm ACTPA-HE®TEXHNM-2001 (Windows-Bepcwust).
ABTOMaTU3UPOBaHHBIA pacdyeT TPyOONPOBOJHBIX CHUCTEM HE(PTEXUMUYECKUX U
HedrenepepabaTpIBAIOIIMX IMPOM3BOACTB HA CTATHYECKYHD M IHMKIMYECKYIO
MIPOYHOCTh M Ha BHUOpompouHocTh C TpeboBaHusmMu PTM 38.001-94. OOmee
onucanue komruiekca. M., HULL Cra/[uO, 2001 r.

73. Kommiekc  mporpamm  ACTPA-TOC-2001  (Windows-Bepcus).
ABTOMaTH3UPOBAaHHBIM pacdeT TpyOONMpOBOJOB Tapa W ropsdeld BOJABI Ha
CTaTHYECKYI0 U NHKIMYECKYIO NMPOYHOCTb, HA CEHCMHYECKHE BO3JCHCTBHA M Ha
BUOPONPOYHOCTh B COOTBETCTBUU ¢ TpeboBanusmMu Hopm PJII 10-249-98. OGree
onmcanne komiutekca, M., HUIT Cra/luO, 2001 r.

74. Komrutekc porpamMm CTAANO (Bepcun
6.10/99/2001/2003/2005/2007/2009/2011/2013). Pemienne MeTOgaMH KOHEYHBIX
9JIEMEHTOB M CYIEPIJIEMEHTOB JIMHEWHBIX M HEJIMHEHHBIX 3a7ad TEOpUH IOJI,
CTaTHKH, YCTOWYMBOCTH, JMHAMHKH, MEXaHWKU pPa3pyLICHHS M ONTUMH3ALUH
MIPOCTPaHCTBEHHBIX KOMOMHUPOBAaHHBIX CHCTEM. Oouiee OIHCaHue,
BepU(HUKALMOHHBIA 0TYeT, HHCTpYKIMU nonb3oBarens. M., HUL[ Cta/luO. 1993 —
2015 rr.

75. “CemeticTB0” mporpamMmMHubix  komiuiekcoB ACTPA-HOBA’2017.
ACTPA-CTAIMO’2015. YTOuHEHHBIH pacdeT TeMIepaTypHOTO M HalpsDKeHHO-
Je(opMHPOBAHHOTO COCTOSHMS (IO MPOCTPAHCTBEHHO-000JIOUEUHBIM H 0OBEMHBIM
cxemam MKD), craTiueckod, NAKIMYECKOW U CEHCMHYCCKOW TPOYHOCTH JeTajeH
Tpybonposonos. Obmee onmcanue. Ceanc padotsl. M., HAL[ CtaluO, 2003 — 2017
IT.

76. “CemetictB0” mporpaMMmHbBIX KominiekcoB ACTPA-HOBA’2017.
ABTOMAaTHU3UPOBAaHHOE MPOEKTUPOBAHME M PACUETHl TPYOONPOBOJHBIX CHUCTEM Ha
CTaTHYECKYI0 M IMKIMYECKYI0 MPOYHOCTh, HAa CEHCMHUYECKHE BO3ICHCTBHUS,
BUOPOMPOYHOCTh U HEYCTAHOBHUBIIHMECS] ANHAMUUECKHIE MPOLIECCHI B COOTBETCTBHU C
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poccuiickuMu HOpMAaTHBHEIMH TpeOoBaHmsMu. OOmee omumcanne. M., 3A0 HUIL]
Cra/In0, 2003 — 2017 rr.

77. “CemetictBo” mporpaMmHbix komruiekcoB ACTPA-HOBA‘2017.
ABTOMaTH3UPOBAHHOE IIPOEKTUPOBAHUE U PACUETHI TPYOOIPOBOJHBIX CHUCTEM Ha
CTaTHYECKYI0 M IHMKIMYECKYI0 TPOYHOCTh, Ha CEHCMHUYECKHE BO3ZCHCTBH,
BHOPOIPOYHOCTh ¥ HEYCTAHOBHUBIIMECS TUHAMHUYECKHE MPOLIECCHl B COOTBETCTBHU C
POCCHICKMMU HOPMaTUBHBIMU TpeOoBaHHsMH. CeaHC pabOTBI ¢ KOMIUIEKCOM. M.,
3A0 HUIL] Cra/luO, 2003 — 2017 rr.

78. Kommneke mporpamm ACTPA-ADC. — Bepcus ACTPA-ADC 6.1.
Bepuoukannonnsiii oruer. M., HULL Cta/lnO, 1992 — 1995 rr.

79. Kommieke mporpamm ACTPA-ADC. — Bepcuss ACTPA-ADCR2009.
Bepun¢uxannonnsiii oraet (4 Toma). M., HULL Cra/lnO, 2009 — 2011 rr.

80. Kommeke mporpamm ACTPA-ADC. — Bepu¢ukannonsnsiii oraer (4
toma). M., HUII Cta/lnO, 2021 rr.

81. CipaBOYHHK NPOEKTUPOBIIMKA. [IpOEKTHPOBAHHE TEIIOBBIX CETEH.
ITon pen. A.A.Hukonaesa. M., 1965 r.

82. 3BeprkoB b.B., Kocroseukuii JI.JI. u ap. Pacyer u koHCTpynpoBaHue
TpyOompoBoaoB. CripaBouHoe nocodwue. Jlenunrpaa. Mammnocrpoenue. 1979 r.

83. Aitnouanep A.b., Kamepmreiin A.I. Pacuer marucrpanbHbIX
TpyOOIPOBOIOB Ha MPOYHOCTH U ycToiunBOoCcTh. M., Henpa, 1982 1.

84. Camapun  A.A. BuOpaumm  TpyOONpoOBOJOB  JHEPreTHYECKHX
TpyOOIPOBOZOB M METOBI X ycTpaHeHus. M., Dueprus, 1979 r.

85. Maramud B.S., Hlamupo E.E. Ilporpamma pacdera NpOYHOCTH H
sectkoctH  TpyOonpoBonoB (CTAPT). MexorpacieBoit (OHI aIrOpUTMOB |
MporpaMM aBTOMAaTHU3MPOBAHHBIX cUCTeM B crpoutenbctBe. M., THUUITPOEKT,
1986 1., BeII. 1-225-1.

86. DIGITAL Visual Fortran Version 6.0 Copyright ©1997 — 1998,
DIGITAL Equipment Corporation. Intel Visual Fortran Version 11.1 Copyright ©
2006 — 2009.

87. bare K., Buncon E. Uncnennsle METOIBI aHAIHW3a U METOJ KOHEUYHBIX
anemenToB. M., Ctpoituzgar, 1982 r.

88. Mapnerr b. Cummerpuynas npobiemMa COOCTBEHHBIX 3HAYCHHUH.
UYucnennsie Metoasl. M., Mup, 1983 1.

89. benocroukuit A.M. Moaupukanuss ©U NPUMEHEHHUE YUCICHHBIX
METOJIOB K pacyeTaM IIUTHO-000JI0YEYHbBIX CHCTEM Ha CEHCMUYECKUE BO3ICHCTBUS.
B kH. “/IluHaMuuecKre XapakTepUCTUKH U KOJeOaHUs IJIEMEHTOB DHEPreTHUECKOTrO
obopynoBanus”. M., Hayka, 1980 r., c. 41-58.

90. Benocroukuit A.M. VYnpyruil pacder CBapHBIX W LITAMIIOBaHHBIX
TPOMHUKOB Ha MPOU3BOJIbHBIE CTaTHueckue Harpy3ku. — CO. HaydHBIX TPYHOB
BHUIINHedTH: “ABTOMAaTU3NPOBAHHOE IPOESKTUPOBAHKE TPYOOIIPOBOIHBIX CUCTEM
HedrenepepadaThIBaOIINX " He(PTEXUMHUYECKUX MIPOM3BOJICTB”,
HHUUTDHedTexum, M, 1982 1., ¢. 121-131.

91. Benocroukmit  A.M., Mamseun B.II., [dukapes AWM. wu np.
OKCHEeprUMEHTAIbHBIE W YWCICHHBIE HCCIIEAOBAHUS HANPSDKCHHOTO COCTOSIHUS
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TPOMHUKOBBIX COEJIMHEHUH TNpH JAEHCTBUM MOMEHTHBIX Harpy3ok. — CO.TpyzoB
MUCH nm.B.B.Kyitosmmesa, 1982 r., Ne 188, c. 35-49.

92. benocronkuit A.M., T'onmosur B.B., ®pagxun Bb.B. Hccnenosanue
HaNpsDKEHHOTO COCTOSIHUSL W pa3paboTKa HMHXEGHEPHOM METOAMKM pacdera Ha
NIPOYHOCTb TPOMHUKOBBIX COCOUHEHUM IpU JAEHCTBUM TOJHOW CHCTEMBI
KBa3UCTaTHUECKUX HArpy3ok. — “Bompocel aromHOi Hayku M TexHUKH . Cepus:
Ddu3nKa 1 TEXHUKA SIEPHBIX peakTopos, 1985 r., Beim. 6, . 76-83.

93. Benocroukuii A.M., Bamypos E.A., BoponoBa I'.A., Slky6ouu H.U.
ABTOMaTU3UPOBaHHBIM pacueT Ha MPOYHOCTh TPYOONPOBOIHBIX CHCTEM C Y4ETOM
JUHAMUYECKUX BO3AeicTBUil. — “Bompockl aromHoN Hayku u TexHuku . Cepus:
®dusnka 1 TEXHUKA SJIEPHBIX peakTopos, 1985 r., Bem. 6, c. 33-38.

94. benocronkuit A.M., Kupwmios A.Il., IIpynosckmit A.M. u np.
Wzyuenne BuOpammm TpyOompoBomoB cOpoca mapa Ha ADC W ONEHKH HX
nonroBedHocTH. Tspkenoe mammHOCTpoeHue, M., 1990 1., Ne 10, c. 28-31.

95. benocronkuit  A.M. IIpocTpaHCTBEHHOE HANPSHKEHHOE COCTOSHUE
OPTOTOHAIBHBIX TPOHHHMKOBBIX COCIUHEHHM Pa3IMYHBIX TUIIOB NMPH KOMIUIEKCHOM
Harpy>keHuu. Marepuansl ceMuHapa Kadenpbl CONpPOTHBICHHS MaTEepHaIoOB
Poccuiickoro yHuBepcuteTa ApyxObl HapomoB. VccienoBanne MpOCTPaHCTBEHHBIX
cucreM. M., 1996 r., ¢. 55-60.

96. benocroukuii  A.M. UYucieHHOe MOAEIMPOBAaHHWE KOMILUIEKCHOTO
HaIpsHKEHHO-1e()OPMUPOBAHHOTO  COCTOSIHUSI ~ KOHCTPYKLHMH M COOPYKEHHUI
SHEPreTUYECKUX 00BeKTOB. “T'HapoTexHHUYeckoe cTpouTenbeTBO”, 1999 1., No 8, c.
45-54.

97. benocrouknéi  A.M., bensiit M.B., ITuuyrmn [I.B. Uwucnennoe
HCCIIE/IOBaHNE alTOpUTMa pacyeTa YNPYIMX CHUCTEM IIpH y4deTeé KOHTAKTHOTO
TpeHHs. — Bonpockl npukiagHoil MaTeMaTHKH W BBIYMCIUTENbHON MexaHuku. CO.
Hay4HbIX TpynoB MI'CY, M, 1999 r., c. 68-78.

98. Benocroukuii A.M., Boponosa I'.A., Tloranenko A.JI. “CemeiicTBo”
porpamMm ACTPA-HOBA TUTS ABTOMATH3MPOBAHHBIX HOPMaTHBHO
pETIaMEeHTHPOBAHHBIX PAcyeTOB Ha NMPOYHOCTH TPYOOMPOBOAHBIX CHCTEM aTOMHBIX
U TEIJIOBBIX YCTAHOBOK M HedTexuMuueckux mnpousBoictB. Tpynst XVIII
MesxayHapoaHoi koHpepeHpn “MaTeMaTHUYECKOE MOICIUPOBAHUE B MEXaHHKE
CIUIOIIHBIX CpEJ] Ha OCHOBE METOJOB TPAHUYHBIX W KOHEYHBIX JIJIEMEHTOB”.
BEM&FEM-2000, C-ITerepOypr, 2000 T., c. 72-76.

99. Benocroukuii A.M., bensiii M.B. CynepaneMeHTHbIE alrOPUTMBI
pelIeHns] NMPOCTPAHCTBEHHBIX HEJIIMHEWHBIX CTATHMYECKUX M AMHAMHUYECKUX 3ajad
Oonpmoi pasmepHocTH. Peanmszanus B mporpammaoM komruiekce CTAJIMO u ombit
pacuetHsix uccnenoBanuil. Tpyasr XVIII  MexnynaponHoit  kondepeHmn
“MaTtemMaTHyecKoe MOJEIMPOBAHUE B MEXaHHUKE CIUIOIIHBIX CpEeJ Ha OCHOBE
METOJIOB TPAaHWYHBIX W KOHEYHBIX 3yeMeHToB”. BEM&FEM-2000, C-IletepOypr,
2000 r., c. 65-69.

100. Benocroukuiit A.M., Bensiii M.B., Pacckazos JI.H., XKemanuxkun B.T.
YucneHHOE MOJEIUPOBAHKUE MTPOCTPAHCTBEHHOIO HAMPSDKEHHO-AE()OPMHUPOBAHHOTO
COCTOSHHSI ~ CHCTEM  ‘COOpY)KEHHE-OCHOBaHHE” ¢  y4eTOM  HEJIMHEHHBIX
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PEOJIOTUYECKUX CBOMCTB TpyHTOB. — Bompocel nNpuKIagHOW MaTeMAaTHKU U
BEIUHCIUTEN HON MexaHuku. CO. HayuHbIX Tpynos MI'CY, M, 2001 r., c. 22-29.

101. Benocromkuit A.M., Boponosa I'.A., [Toraneako A.JI. “CemeiicTBo”
nporpamM ACTPA-HOBA nans aBTOMaTH3WpOBaHHBIX HOPMATHBHBIX PacdyeToB Ha
MPOYHOCTh TPYOOHPOBOAHBIX chcTeM pasnuyHoro HasHadeHus. CAIIP u I'padmuka,
2002 1., Ne 8, c. 12-16.

102. benocrorkuit  A.M., Boponoa I'.A., Ilotamenko A.JI. ACTPA-
HOBA’2003: ABTOMaTH3MpOBAaHHbIE pPACUEThl Ha MPOYHOCTH TPYOOIPOBOIAHBIX
cucreM pasznuuHoro HazHaueHus. CAIIP u I'paduka, 2003 r., Ne 4, c. 8-12.

103. benoctoukuii  A.M., IlenskoBoit C.b. KoHeuHOdIEMeHTHOE
monenmupoBanne HJIC émkoctHOoro obopymoanus ADC. CO. HAy4HBIX TPY/IOB
MI'CY “Bomnpocsl NpHUKIQAHOM MaTEMATUKU U BBIYMCIMTENBHOM MeXaHUKH , M.,
2005r., c. 71-83.

104. TToranenko A.JI. Busyanuzamusi pac4eTHBIX MOICINECH M pe3yIbTaToB
pacueToB B Mpe- M IOCTIPOIECCOPHBIX MOAYIISAX MPOTPaMMHBIX KoMIUIeKcoB. CO.
Hay4dHBIX TpyZAoB MI'CY “Bompocs! mpuKIagHOW MaTeMAaTUKA W BBHIYHACIHTEIEHON
Mexanuku”, M., 2005 r., ¢. 397-408.

105. [oranenko A.JI. Wurerpauust pacuyerHoix komriuiekcoB ¢ CAIIP u
JPYTUMHU TIPOTpaMMHBIMU Komiuiekcamu. CO. HayuHbIX TpynoB MI'CY “Bompocs
MPUKIIAIHON MAaTEMAaTHKU M BRIYUCIUTEIbHON Mexanuku”, M., 2005 r., ¢. 408-420.

106. benocronkuit A.M., Boponosa I'.A., [Toranenko A.JI. , Knenern O.1O.
CoBpemMennble ynciaeHHble MeTobl 1 CAIIP-TexHOI0rMN B MPOYHOCTHBIX pacdérax
TpybompoBoansix cucteM. IIporpammusiii kommieke ACTPA-HOBA2005. Tpyast
XXI MexnynaponHoit koHdepeHnmum “MaremaTHueckoe MOJETHPOBAHHE B
MEXaHHWKE CIUIONIHBIX CpeJ Ha OCHOBE METOJOB TPaHWYHBIX W KOHEYHBIX
anemenToB”. BEM&FEM-2005 r., C-TTetepOypr, 2006 r., c. 65-69.

107. benocroukuit A.M., TlenbkoBoit C.b. UucieHHOe MOJETHUPOBaHKE
HATPSOKCHHOTO COCTOSHHSI ¥ OIEHKAa MPOYHOCTH TPOMHUKOBBIX COCHMHEHHH
TpyOompoBogoB ADY. C6. Hayyn. TpymoB MI'CY “Bompockl npHKIagHON
MaTeMaTHKH U BEIYUCIUTENBHOM Mexanuku”, M., 2006 1., ¢. 285-292.

108. benocroukuii A.M. UwncieHHOe MOJETUPOBAHHE HAINPSHKEHHO-
Jne(OpMUPOBAHHOTO  COCTOSIHMSI M HOpPMaTHBHAas ~ OLEHKa  IPOYHOCTH
TpyOONIPOBOAHBIX ~ CHUCTEM:  JOCTHXKEHHs, TpOOJeMbl W  TEPCHEKTHBHL
“MaIMHOCTPOCHUE U UHXKEHEepHOEe oOpa3zoBanue”, 2006 ., Ne 9, ¢. 111-119.

109. benocronkuit A.M., Jyounckuit C.U., [oramenko A.JI. Metoast
JUHAMHYECKOTO0 CHHTE3a IOJKOHCTPYKLMH B 33ja4aX MOJIEIMPOBAHMS CIIOMNKHBIX
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Ipnioxenne 1. OCHOBHBIE YCI0BHbIC 0003HAYCHUS U COKPALIICHUS

ADC  — aToMHas AJIEKTPOCTAHITUS

AJY  — aroMmHbIe YHEPTeTHUECKUE YCTAHOBKU

™ — TuApo(ITHEBMO) UCIIBITAHUS

r — rurabaiit

K — KHJI00alT

JICM - nuHeiHO-ClIeKTpaIbHbIN METOo

M — MerabanT

MKD — MeToI KOHEUHBIX 3JIEMEHTOB

MIIA — makcuManbHas MPOEKTHASI aBAPUS

MP3  — makcumanbHOe pacueTHoe 3emierpsicenue (1 pas 8 10000 ner)

MI2BM - nepconansubie |BM-coBmectnmbie 9BM

Windows 98, ME, NT, 2000, XP, Vista, 7 — onepartionssie cuctemsl st [I9BM
HAC - HampspkeHHO-e(OPMHPOBAHHOE COCTOSTHUE

Hopmer TTHAD I'-7-002-86 — Hopwmbl pacuera Ha MPOYHOCTH OOOpPYJNOBaHHS MU
Tpy6onporogos ADY. [THAD I'-7-002-86.

HHD - HapylieHHe HOPMAIBHBIX YCJIOBHI 3KCIUTyaTaldd (Ui TpyOOIpPOBOIOB
ADY)

HD — HOpPMaJIbHBIE YCJIOBHS 3KCIUTyaTanuu (uist TpyOorpoBogoB ADY, mapa n
ropsiaeii Boibl)

III'C  — NpOMBINUIEHHOE U FPa)TaHCKOE CTPOUTEIBCTBO

IIJH - mocrosHHBIE W JUIMTENbHbIE Harpy3kd (HeTeXuMus, TEIIIOCeTH H

MarucTpaibHbBIC TPYOOTIPOBOIHI)
IAK(OH) — mocrosHHBIE, ITUTENBHBIC, KPATKOBPEMEHHBIE W OCOOBIC HArpy3KH
(HedrexuMus, TEIIIOCETH M MaruCTpPaNbHBIEC TPYOOIIPOBOIEI)

3 — IIpoeKTHOe 3emueTpsicerue (moBTopsiemocts 1 pa3 B 100 neT)
K — IIPOrPaMMHBIM KOMILIEKC

I'OCT - mexrocyaapCTBEHHBIH CTaHAAPT

PTM  — pykoBoasmue TEXHUUECKUE MaTepHaIb

PI — PYKOBOASIIUH JOKYMEHT

CAIIP - cuctemMa aBTOMaTU3MPOBAHHOTO MPOEKTUPOBAHUS
CHull - ctpouTtenbHble HOPMBI U TPABHUIIA

cn — CBOJ IPaBHII

co — CyHepaJIEMEHT

COM - cymepaneMeHTHAsI MOJICHb

TIC  — reruroBast AIMEKTPOCTAHIIUSL

TC — TpyOOIIpOBOIHAS CHCTEMA

9BM  — snekTpoHHas BBIUMCIUTEIbHAS MallliHA

EnuHunpl u3mMmepenus (MCX0AHbIe JaHHbIE U Pe3yJIbTATHI)
Cnu — MM, paj, ¢, MIla, kH/m, kH, kH-wm, m, ', pag/c
Crc¢ -—cwm,pan,c, kr/em?, kr/ewm, kr, kr-eem, [, pan/c
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IIpunoxenue 1

OTpacieBble komiuiekebl cemeiictBa ACTPA-HOBA
ACTPA-AI3C — TTHAD T'-7-002—-86. HopmMbl pacueTa Ha MPOYHOCTb 000PYJOBAHHUS U
TpyOOIIPOBOZOB aTOMHBIX JHEPreTHUECKHX YCTAHOBOK (B JIONOJHEHHE — OLIEHKa
TepPMETUYHOCTH (DJIAHLEBBIX COCJAWHEHUH, pacueT HamnpsHKeHWH W MPOYHOCTH
“HEHOPMaJIN30BAHHBIX” JINH30BBIX ¥ CHIIL()OHHBIX KOMIIEHCATOPOB).
ACTPA-T3C - P]1 10-249-98. Hopmsbl pacyera Ha IPOYHOCTH CTAIIMOHAPHBIX KOTJIOB
U TpyOOIPOBOAOB Mapa u ropstueit Boasl (1. 5.2, m. 10, m. 11).
ACTPA-HE®TEXHM — PTM 38.001-94. Yka3anus 1mo pacyeTy Ha NPOYHOCTH U
BHOpannio TEXHOJOTMYECKHX CTalbHBIX TpybompoBogoB, ['OCT 32388-2013.
TpyGonpoBonasl TexHonormdeckne. HopMBI M MeTOApl pacdeTa Ha IPOYHOCTD,
BHOPAITUIO U CEHICMUYECKHE BO3ICHCTBHS.
ACTPA-TEIUVIOCETh - PJ]I 10-400-01. Hopmbel pacduera Ha MOPOYHOCTH
TpyOOIPOBOJOB TEIUIOBBIX ceTell (C KOPPEKTHPOBKOH psAma HecTporux ¢Gopmyd,
BBEJICHHEM pacueTa HalpshKeHHH B KOCBIX CTBIKax W Mepexojax, a JJsl MOA3eMHBIX
TpyOOIIPOBOAOB OecKaHaJIbHOW MPOKIAJAKA — M 10 YYeTy KOMIIEHCHUPYIOUIHNX
noxymek), OCT P 55596-2013. Ceru TtemnoBele. HopMBl M MeTOABI pacyeTra Ha
MIPOYHOCTD U CEHCMHYECKHE BO3IEHCTBHUSI.
ACTPA-MATHCTP — CHull 2.05.06-85. Maructpamsasie Tpyoomnposozsl, CII
36.13330.2012 MarucTpanpHble TpyOONpOBOABL. AKTyalU3WPOBaHHAs peNaKIHs
CHuII 2.05.06-85*. (c HeoOXOaMMOH aBTOPCKOH HOpabOTKOM B 4YacTH pacueTHOW
OLICHKH MPOYHOCTH OTBOJAOB, CTHIKOB M TPOMHUKOB, CEHCMUYECKUX M JUHAMHYECKUX
pacaeroB). T'OCT P 55989-2014. MaructpamsHsle ra3ompoBoabl. Hopwmel
npoexTupoBanns Ha naBieHue cBbime 10 MIla. OcuoBHble TpebGoBanus. 'OCT P
55990-2014. Mecropoxnenuss HedTsiHble U rasoHedTsiHbie.  [IpoMbICIIOBBIC
TpyOorpoBoabl. HOpMBI IPOEKTHPOBAHHSI.
ACTPA-CBJ — TOCT P 55600-2013. TpyOb!1 u aeranu TpyOOIpPOBOJOB Ha JaBJICHHE
ceeimie 100 mo 320 MIla. Hopmbl u MeTop! pacuéra Ha mpounocts. P/ PTM 26-01-
44-78. Jleranu TpyOompoBomoB Ha maBneHue cBbime 10 mo 100 MIla. Hopmbl u
METO/Ibl pacuéra Ha IPOYHOCTb.
ACTPA-CYJIIPOM — P]15P.4322-86. TpyOonpoBoabI cyioBbIe. METOIMKA pacyeToB
Ha CTaTMYECKyl0 M MaJOLMKIOBYI0 npouyHocTs. PJ[5P.5137-73. dnannessle
COC/IMHEHUS CY/IOBBIX TPyOOIPOBOMOB M CHCTEM. MeToanka M HOPMBI pacdéra Ha
MIPOYHOCTH U IUIOTHOCTD.

IIporpammsl “cemeiicTBa” kommiekcoB ACTPA-HOBA

ACTPA-/IETAJTb — IporpamMma pacdera MO BBIOOPY OCHOBHBIX pa3MEpoB
JieTaen.
IIPE-ACTPA - nawmanoroseiii  Windows-mpenporieccop Ui 3aJaHust U

BepUQHKAINN pacueTHON MOAETH TPyOOIpoBOa.

ACTPA-CTAI] - nporpamMma pacuera Ha CTaTUYECKYIO U HUKINYECKYIO POYHOCTD.
ACTPA-®@OPM - nporpaMma pacuera COOCTBEHHBIX YacTOT U OpM KOJIeOaHHi.
ACTPA-CEHCM — IIporpaMma pacueTa Ha CEHCMHUYECKUE BO3EHCTBUS.
ACTPA-BUHBFP — nporpaMma pacuera Ha BHOPOIPOYHOCTb.
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ACTPA-/IHH — mporpaMMa pacdyeTa Ha HEYCTAaHOBUBIIHMECS TUHAMUYECKHE
TIPOIIECCHI.

ITIOCT-ACTPA - nmanoroseiii Windows-roctoporieccop i BH3yadH3allMd H
NOCTPOEHHMS TAOIHIL Pe3yIbTaTOB pacyera.

ACTPA-CTAJHO — MOJCUCTEMa YTOUYHEHHOTO pacueTra TEeMIEPAaTypHOro u
HaINpsDKEHHO-1e()OPMUPOBAHHOTO  COCTOSIHHSI, ~ CTaTHMYECKOW, [UKINYECKOW W
CECMMYECKOH TPOYHOCTH DIIEMEHTOB-JIETaell TpyOOIIPOBOAOB IpU  JIEHCTBHH
TTOJTHOM CHCTEMBI KBa3UCTaTHYECKUX M CEHCMHUYECKHUX Harpy3oK.
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Ipunoxenue 2

Ipunioxenne 2. AJIrOpATM CTATHYECKOr0 pacyeTa TPyOONPOBOIHBIX CHCTEM

(amanTupoBanubie pparmentsl PTM 108.020.01-75)

1. IlpeaBapurtenbHble 3aMeYaHUSA
1.1. Nznaraemslii anropuT™ pacuera TpyOOIPOBOAHBIX CUCTEM OCHOBBIBAETCS
Ha CHELUalbHOM METOJI€ PACKPBITHS CTaTHUECKOW HEONPENeIEHHOCTH, a UMEHHO Ha
METOJIe IPOTOHKH B COUYETaHUU C METOAOM IepeMEIeHNH 1 HauyalbHBIX apaMeTpoB.

[onoxxnTenpHBIE OCOOCHHOCTH €ro — IpoCTas JIOTHYECKass CXeMa W BBICOKas
BBIUMCINTENbHAS HAJEKHOCTb, T.€. Ci1abas UYyBCTBUTENBHOCTh K IOTPEIIHOCTH
OKpYTJICHUSI.

1.2. Anroput™ wu3znaraeTcs NPHUMEHHTENFHO K OAHOMY (Jr0OOMy) 3Tamy
MOJTHOTO pacyera TPyOOIPOBOMHOW CHCTEMBI. lIpm 3TOM MCHONB3yeTcs] MaTPUIHBII
ammapaT, 4To AeJaeT aJrOpUTM yAOOHBIM Ui mporpaMmupoBaHus. IIpumenstoTcs
KBaJ[paTHbIC MAaTPUIIBI 6X6 1 3X3 U MaTPUILIBI-CTONOLBI (BEeKTOPbI) 6x1.

1.3. VYuureBaloTCSI NPOMEKYTOYHBIE YIPYyrHe Omopsl (B TOM 4YHCIIE
NpY>XKUHHBIE TIOABECKH). B mpakTHueckux pacuerax TpyOONpOBOJOB MO JAHHOMY
QITOPUTMY OINOPBI C OECKOHEYHOH MKECTKOCTHIO MOXHO YYHTBIBATH MO CIIOCOOY
3aMEHbI UX YIPYTrUMHU onopamu (YOpyTrMMHU CBS3SIMH) OYE€Hb OOJIBIION KECTKOCTH.

2. TepMUHBI 1 0003HAYEHHUS

2.1. Tlom mpybonposoonoi cucmemou TIOHUMAETCSl Pa3BETBICHHBIN
TpyOOITPOBOA, KOHIIBI KOTOPOTO 3aIEeMJICHBI.

2.2. Toukn, B KOTOPBIX JIMHHS TPpyOONPOBOIA PA3BETBIISECTCS, HA3bIBAIOTCS
yanogoimu (yanamu).

2.3. YVuacmox — 4acTb JHMHHM TPYOONPOBOIHOH CHCTEMBI, 3aKIIOYCHHAS
MEXKIy CMEKHBIMU Y3JaMH (B TOM YHUCIIE, TPOWHHUKOBBIMH).

2.4, Kaknplii y4acTOK COCTOMT W3  ompe3koé  (MpsMOIUHEHbIX,
KpugonuHelinvix).  I'paHUIIaMM ~ OTPE3KOB  SIBJISIIOTCA:  TOYKA  COMNPSIKEHUS
MPSIMOJIMHEHHOW TpPyOBl C KPUBOJIMHEHHOH; MECTO TPWIOXKCHHUS BHEIIHEH
COCPEIOTOUEHHON HAarpy3kd; MECTO YCTaHOBKU IPOMEXYTOYHOH OIOPBI;, MECTO
CONpsDKEHHS TPYO, MMEIOIMX Pa3IMYHbIe Pa3MEphl MONEPEYHOr0 CEYECHUs]; CeUeHHe,
rze TpedyeTcst OIpenesIuTh HAIPSHKEHUS WIH TIEpEeMEILeHNSI.

2.5. Ilponem — 4YacTh y4acTKa, COCTOSIIAsl U3 HECKOJBKHX OTpE3KOB (He
MEHEe JIByX) M 3aKJII0YEHHAs MEXIy ABYMs CMEXHBIMU IPOMEKYTOYHBIMU OIIOPaAMH
WM y3II0OM U OIIbKaiIeii mpoMeskyTOYHOH Oopoii.

2.6. Ysme mymepyiorcas 1,2,3,...,N, npuuem mnocnenosarensHOCTH
HyMepamud MOXeT OBITh TF000H. 3amemileHHbIe KOHIBI TPyOOIIPOBOJHOW CHCTEMBI

o6o3nauvarorcss N+1, N +2,....
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2.7. Touku JeneHus y4yacTka Ha OTpe3ku obOo3Hauarorcs uucinamu 0, 1,
2,...0tpe3ok 0003Ha4YaeTCsT YHCIOM, OTMEYAMOLIMM €ro KOHEYHYH TOYKY (Iuis
orpeska i-(i+1) xoneunoii mouxoii ssnsercs i+1).

2.8. VYuacrox oOo3HayaeTcs JBYMS YHMCJIAMH C 4YEpPTOH HaBepXxy,
OTMEYAIONIMMH €r0 KOHIIBI. TakK, yJacTKu TPyOONpPOBOTHON CHCTEMBI 0003HAYAOTCSI

]_. - f, I —1_2, ]_. —Z u T.AO. HepBoe YHCJIO0 COOTBETCTBYCT KOHIY Yy4aCTKa, OT KOTOPOIO

BEACTCA HyMEpalud TOUYCK ACJICHUSA Ha OTPE3KHU (Ha‘-laJ'H)HOG CCUYCHUC y‘laCTKa). 310
YHUCJI0 JOJIKHO OBITH MEHBIIIE qrciia, OTMEYAOIICTO KOHEYHOC CCYCHUC YHACTKaA.

3. KoopanHaTsl cucTeMbl

3.1. Ucnome3ytoTess npagocmoporuue 00IMas M MECTHas OPTOTOHAJbHBIE
KOOpAMHATHBIE CHCTeMBI. B 00miel KOOpAWHATHON cHCTeME (X1XpX3) OMPEHEISIOTCS
KOOpPJIMHATBI TOYEK JEIeHHsS YYacTKOB Ha OTpe3Ku. MecTHasi cucreMa KOOpIHMHAT
(ix1 X X3 ) MCIONB3yeTCss TPH ydeTe MOHTaXHOM PACTSIKKM M TIPH  ONpeIeTeHHH
HIOJIOXKEHHsI OOKOBOT'O OTBEPCTHS B TPYOe.

3.2. Hawano o6weil KOOpAMHATHOW CHCTEMBI MOJXKHO pacrojlaratb B
MIPUHIMIE B JII000# Touke npocTpancTBa. OCh X3 HANPABIISETCS BEPTUKAIBEHO BBEPX.

3.3. Hauano mecmmnoil KoOpANHATHON CHCTEMBI pacriojlaraeTcsi B KOHEYHOU
TOYKE OTpEe3Ka.

B IpAMONMHEIHOM OTpe3Ke 0Ch X3 HAIpPABIAETCS BIOIb OTPE3KA B CTOPOHY
OT cedeHus i-1 K CEUeHHMIO i; OCh X; PACIONATaeTCs NAapaIeNbHO MIOCKOCTH X1X; H
HalpaBJICHUE €€ BBIOMPAETCS B TAKyIO0 CTOPOHY, YTOOBI KOCHHYC yIia MEXIy 3TOH
OCBIO 1 OCBIO X1 O0IIIEH CHCTEMBI OBLI ITOJ0KHUTEILHBIM.

Pacrionoxenne MECTHON KOOP/MHATHOH CHCTEMBbI KPUBOJIMHEHHOTO OTpE3Ka:
0Ch X3 HAMPABIIAETCS 110 XOPJE B CTOPOHY CEUEHHS I-1 K CEYCHHIO i} OCh X, JIGKHT B
TUIOCKOCTH KPUBOJIMHEHHOTO OTpe3Ka M HalpaBlieHa MO MEepHeHAMKYISIPY K XOpAe B
CTOpPOHY BBIITYKJIOCTH OTpe3Ka.

3.4. B panbHeiimeM OyKBeHHbIC OOO3HAYCHMS BEIMYMH, OTHECCHHBIX K
MECTHOI CHCTEME iX1 X, X3 , CHAGIKAKOTCS LITPHXOM.

3.5. bynmer wucnomp3oBaThCs TakXkKe IPABOCTOPOHHSS OPTOTOHAIbHAS
n00BUYICHAs. KOOPIMHATHAS CHCTEMa SX3 Xp X3 ¢ HAa4ajloM B TEKYyUICH TOYKe S OCH
TpyOompoBona. B kpuBonnHEHHOM OTpe3ke OCh X3 HaIpaBieHa IO KacaTeJbHOH B
CTOPOHY OT CedeHHs i-1 K CE4eHHIO i; OCh X, — 10 PajMyCy B CTOPOHY BBITYKIOCTH
OTpe3Ka.

B npsAMONMHEHHOM OTpE3Ke HANPABICHHS OCeil X1 , Xp . X3 COBMAAIOT C
HATIPABJICHUSIMH OCEif X , X2 , X3 COOTBETCTBEHHO.

3.6. DBykBeHHble 0003Ha4eHHS BEJIWYMH, OTHECEHHBIX K IOABMKHOM
KOOPJIMHATHOM CHCTEME, JOIONHAIOTCS ABYMS IITPUXaMH.

4. Ncxoxnple 1aHHBIE IJI5 pacyeTa TpydonpoBoaa

4.1. JInst npOMEXyTOYHBIX TOUEK (CEUSHMH) KaKIO0TO yJacTKa 3aJarf0TCs:
a) ans kaxaou Touku 0, 1, 2,... neneHus Ha OTPe3KHu:
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X,,cm KOOPJIUHATHI B OOITIEH KOOPIUHATHON CUCTEME X1X2X3
IIEHTpPA MOTIEPEIHOTO CEUCHHUS,

X, CM

Xy, CM

0) IOMONHHUTENBHO, WIS KAKAOM TOYKH B CEPEAMHE KPUBOIHHEHHOTO
OTpe3Ka:

R, cm — pagryc KpUBU3HBI EHTPAIBHON OCH;

B) JUISL HEKOTOPBIX POMEKYTOYHBIX TOYEK:

ey, kecl cm ’KECTKOCTH OIOPBI CKOJIBKEHHS WITH

HAIPABIISIOLIEH OMOPBI MO OCSM X1XX3;
€59, k2cl cm
33, kecl em
€4, kec-eml pao

ess, kec-em | pao

g6, KeC-cm | pao

RI_! Kec MMPOCKIUH BEKTOPA COCpe,I[OTO‘IeHHOﬁ CHJIBI U

MOMEHTA Ha OCH X1X2X3,
P,, kec

Py, kec
Py, kec-cm

Py, xec-cm

Py, kec-cm

P, kec — Harpyska Nnpy>KHHHOH TOJIBECKH;

K, Kec/cm — )KECTKOCTD TPYKUHHOM T0JBECKH;

L, cm — pabogas mimHa Py KUHHON TIOZBECK;

T) IUTs1 OJHOM TOYKH (HE COBMAMAOMICH ¢ KOHIIOM IPOJIETA):

MPOCKINHU BCKTOpa IMOCTYNaTCIbHOT'O nepeMenICHuA
. HavaneHOro ceuenusi (i+1)-ro  oTpe3ka OTHOCHTEIBHO
Oy, M KOHEYHOTO CCUYCHHUs I-TO OTpe3Ka, BO3HUKAOIICTO MPU
BBITIOJIHCHUM MOHTQ)KHOW DACTSDKKH B CEYCHHH I, HA OCH
MECTHOW CHCTEMbI KOOPIHHAT IX1XoX3;

01, cm

03, CM

4.2. Ins KaXXJ0ro oTpe3Ka 3a1atoTcs:

2
P, Kec/cm” — BHyTpeHHee U30BITOYHOE J1aBIICHHE;
S, 1/°C — k03dPuUIMeHT THHEHHOTO paCIIPEHNS;

q,,xecl em
q,,xecl cu UHTEHCUBHOCTb PACIpENEIeHHON HArpy3KH IO 0CAM
27 i
/ X1,X2,X3,
q,,xecl cm

t,,°C — Temneparypa HarpeBa;
D, cm — Hapy>xHBIIT TUameTp;
S., ¢M — TOJIIMHA CTEHKH,
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*
¢, CM — yTOHCHHUE CTCHKH;
E, kec/cm? — MOZLyITb YIIPYTOCTH;
v — k03 dunuent [Tyaccona;

Ul, M

U2,CM

Us, cu MIPOEKITNH BEKTOpa IepeMeIIeHUs
Uy, pao 3aleMJIEHHOr0 KOHIIA.

Us, pao

Ug, pao

5. Pacyer oTpe3koB

5.1. MaTpuna noBopoTa /Jisi IpsIMOJHHEIHOT0 0Tpe3Ka

5.1.1. UcxonHble NaHHBIC: KOOPIUHATHI B CHCTEME X1XpX¥3 KOHIOB Ii-1, i
oTpe3Ka.

5.1.2. Marpwuiia moBopoTa

o= 0 A, )
rae:
cosX, sinx, O
o, =-sinX; cosX, Of; )
0 0 1
1 0 0
ay, =0 cosé& siné | 3)
0 -siné, cosé

3nech B 0003HAYCHUSIX YIIIOB, a Aajnee B 0003HAUEHMSX M JIPYTHX BEIUYUH
MHJICKC i, OTMEYAIOMINi HOMEp OTPe3Ka, sl COKPAIICHHUS 3aUCH OMYIICH.
B npuBeneHHbIx Gopmynax:

I’.2
AR~
sinx, =+ "
s =t ———;
2 2
A &
r
cosé =2,
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. 1 .
sin&, =—=(-r,sin X, +1, COS X,),
L

rue:

n=xP—x{?  (j=123);

(4)

B ¢opmyne mia Sin Xy Oepercs 3HAK IUTIOC, €CAU Iy U I, UMEIOT pa3HbIC
3HAKH, ¥ 3HaK MHHYC — B IIPOTUBHOM CJIydae.
B cayuae r;=r,=0 npuaumaercs COS X, =1, sin Xy = 0, a B cyuae r;20,

r,=0 BbruncaeHns Sin X3 u COS X, ciemyeT NpoM3BOMMTE MO 00mMM (opMyiaM,

MIPUNIKCHIBAs 3HAYCHUIO =0 3HAK MUHYC.

5.2. MaTpuna noBopoTa JJjisi KpUBOJHHEHHOT0 0TpPe3Ka

5.2.1. VcxonHble AaHHBIE: KOOPJAWHATHl B KOOPJAWHATHOW CHCTEME X1XpX3
KOHIIOB i-1, | KpHBONHHEHHOrO OTpe3Ka H KOHIA I-2 TMPEIIIeCTBYOIIEro
NPSMOJIMHEWHOTO OTpe3Ka; pajJuyc KPUBU3HbI R;.

5.2.2. Uckomas MaTpuIia MoBOpoOTa

= 03 Q. (5)

Marpuipl oy, o omnpenenstorcs s orpeska (i-1) - i mo dopmynam

mpsIMOJTHHEIHOTO oTpe3ka (2), (3), a

cosn, sinp, 0O

oy =|-sinf, cosn, 0.
0 0 1
3nech:
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: _ 1% _ 3 (i) (i-1) \2
sin > _2Ri (v, = /]_Z:)l(xj X; ) ),

e 6 — yroa MexIy KpaiHUME CeYeHHSIMH KPHBOTHHEHHOTO OTPE3Ka.

5.3. OmpenesieHHe KOOPAMHAT TOYeK H3J0Ma BIHCAHHOI JIOMAaHOIi,
3aMeHsI0LeH KPUBOJIMHEHHBIN 0TPEe30K

5.3.1. HcxonHble naHHBIE: KOOPAWHATHI B KOOPIAMHATHOH CHCTEME X1XpX3
KOHIIOB i-2, i-1, | 0Tpe3KOB; paanuyc KpUBH3HEI R;

5.3.2. Koopaunarts! Touek u (=1, 2,..., 2v1) u3noma BIUCAHHOUN JIOMaHOI B
CHCTEME X1X2X3 PABHBI

() )
Xl” Xll O

oll = A A
x| = X[ + e R, cos(Hﬂ—?')—cos?'.
(#) (i sin(4 —6—:)—Sin—:
Xq Xq “ 2 2

3neck ¢ — MaTpHLa, SABIAIONIASACS TPAHCIIOHUPOBAHHOM MO OTHOIICHHIO K
MaTpHIIE ¢, BEIMUCIAEMOH U JAHHOTO KPHUBOJIMHEHHOTO OTpe3Ka 1mo popmyie (5).

Vron ? BBIYUCIIICTCS U3 COOTHOIICHUS .

*

.0, v,
sin—t=——,
2 2R

HCIIOJIB3YEMOTO TIPH OIIPE/IEICHUH MATPUIIBI (.
o
Yron 6, :2—',u(,u:l, 2,...2v-1).
v

5.4. MaTpuna nogaTIuBOCTH JIJIsl KOHEYHOI TOYKH 0Tpe3Ka

5.4.1. VcxonHble AaHHBIE: KOOPJIWHATHI B KOOPAWHATHOW CHCTEME X1XpX3
KOHIIOB OTpe3Ka (B cIy4ae KPUBOJIMHEHHOTO OTpe3ka — KOOPAMHATHI KOHIIOB OTpe3Ka
BIIMCAaHHOHM JIOMaHOW); MOJIYJb YNpyroctd FE; HapyxXHblii auamerp TpyOsl Dy;
TOJIII[THA CTEHKU TPYOBI S,;.

5.4.2. Uckomas mMaTpuIia:

a, =D D,
3necs D, — marpuna, siBIsIOIIascs TPaHCIIOHMPOBAHHOM 10 OTHOLICHUIO K
marpune D, ;

D, — marpuma 6x6, paBHas:

a, 0,
D, = ;
0, ¢
a = F +' F, F3: ,
F F

4 5
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rae 03 — maTpuma 3x3;

Qi — MaTpHIia IOBOPOTa, BErAHCIsIeMas mo gopmyre (1);
"= Av;

kP

F, ==0°

2

1
1 )
— a)l,
3 EJ,
1,k
=—0U .,
* 20 EBJ ?
1
2
F,

El

*

2 p

«=2Y Ey O
=Bu;
31ech.
100 010
o, =)0 1 0] o,=(-1 0 0 (6)
0 0O 0 0O
K
2 0 0
— 0 0
GF EJ,
K
A=l 0 2 of B=| 0 == o | )
GF EJ,
0 0 = 0 0 1
EF GJP
rue:
F=75,(D,-5S,)
4
4 _ ; 8
Jv:ﬂDH 1- D, -2S, (8)
64 D,
J, =23
E
G=———.
2(1-v)

@opMyibl NPUTOAHBI Kak I HPSAMOJIMHEHHBIX OTPE3KOB, TaKk M Ul
OTPE3KOB JIOMaHOM, 3aMEHSIOIIEH KPUBOIMHEWHBIN OTPE30K; pa3HULA TOJBKO B TOM,
4TO B IepBoM cityuae K, =1.

JnuHa oTpeska Bbuucisiercs mo ¢popmyie (4).
HIZI/IMe‘laHI/IC. B City4dae KpI/IBOJ’[HHCfIHOI‘O OTpE3Ka pacueT BEACTCA IJId 3aMCHSIOIIUX
HpHMOHHHeﬁHLIX OTPE3KOB, npuieM BCC HUCXOOHBIC 3HAUCHUA, KpoMme KoopAuHar,
COOTBETCTBYIOT KpPIBOJ'IPIHeﬁHOMy OTPE3KY B I1ECJIOM. ManI/ILIa Di BBIYHUCIIACTCA  IJIA
3aMEHAIOLIEI0 OTPE3KaA, T.€. IO KOOpAUHATAM KOHIIOB 3TOI'O OTPE3KaA.
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5.5. MaTpuna nepeMelmeHuii HAYAJIbHOTO CeYeHHs] OTPe3Ka BCJEACTBHE
pacnpeejieHHbIX BO3/1eiiCTBUII U MOHTAKHOMN PACTSIKKH

5.5.1. icxomHble JaHHbIE: KOOPAMHATHI B CHCTEME X1X,X3 KOHIIOB OTpe3Ka i (B
cllydyae KpPHBOJIMHEHHOTO OTpe3Ka — KOOPIMHATHI KOHIIOB OTpE3Ka BIHMCAHHOU
JIOMaHoi#1); TeMIepaTypa Harpesa t,; 3HaueHHUS TIepeMeIlleHuil TaHHOTO CeUYeHHUS | MpU
MOHT@)XHOW pacTsDKKE; 3HAueHHE WHTEHCHBHOCTH pPacIpeAeieHHON Harpy3Kd [Uis
orpe3ka; k03(GUIKEHT NUHeWHoro pacupenus: [, 3Hadenus E, v, G, Dy, S, mus
oTpesKa i.

H[zI/IMC‘IaHI/IC. B City4dae KpPIBOJIPIHCf/iHOFO OTPpE3Ka pacyeT BEACTCA MJIA 3aMCHIIOIUX

pr{MOJ’IHHeﬁHLIX OTPE3KOB, MNpUYEM BCC HUCXOAHBIC 3HA4Y€HHUA, KpPOME KOOpAWHAT,
COOTBETCTBYIOT KpI/IBOJ’[PIHCﬁHOMY OTPE3KY B LECJIOM.

5.5.2. MickoMast MaTpuIia nepeMenieHuii (ceuenus i orpeska i+1):
A =D/(4,+4,+5,).
3nech:

- _|R+F 0,
4, = _. D.q,
F4 03
rue:
( — HUHTEHCUBHOCTb PACIpEeAcIEHHON HAarpy3KH;

F, :EAUZ;
2

*

_ 1
F,==0'—o0,;
6 EJ C?

)

3HaueHus 0, Oy, A, F, J,, onpeaenstores no popmyiam (6), (7), (8).
Jl71s IpsAMONTMHENHBIX OTPE3KOB, HE 3aMEHSIOIINX KPUBOJMHEUHBIE, k; =1

Martpuua g UMeeT BUL:
g= {>< X X 000} (X — 37eMeHTBI, 3HAYEHUSI KOTOPBIX 3aal0TCs).

Marpuupl 4, u 8, UMEIOT 3HAYCHHUS:

2v. P(D, -2s,)*

Ay =| Bto—- 001000};
VT E (07 -(0, 25,09 footo0e}
é‘i' = {>< XX OOO}.
Marpumna D; paBHa:
o, 0O
D, = ,
0 ¢

IJIe ¢ — MaTPHIla TOBOPOTA, BeIYKcsiemas o ¢hopmysie (1).
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5.6. Marpnua BHYTPEHHHX CHJI, BbI3bIBA€MBIX PpacHpeaeJleHHON

HATPY3KOH
5.6.1. HMcxonHble naHHbIE: KOOPAUHATHI B CHCTEME X1X,X3 KOHLIOB OTpE3Ka

(It KPUBOJIMHEWHOTO OTpe3Ka — KOOPAWHATHI KOHIIOB OTPe3Ka BIIMCAHHOM JIOMaHOM);
3Ha4YE€HUE UHTCHCUBHOCTH PACIIPE/IEIICHHON HArpy3KHu.
5.6.2. Uckomas maTpuna (11 KOHEUHOH TOUKH OTpe3Ka):

I3 03
1/ 2paw, I,

3Hauenuss BemmuuH O,D,,Q,w, npuBommaMCH BhIIE; |3 — eqUHMYHAS

Vv, =U5i

D.q.

Matpuia 3x3.

6. Pacuer npoJiera

6.1. OnpenesieHne HEKOTOPBIX MATPHIL PoJieTa
6.1.1. Onpeoensiromes credyrouue mampuywl (puc. 114.7):

b, =~ % G,a,G,; 9)

npu p=j+1,j+2,....k
[ocnennioto  QgopMmyrnry  TpM  MOPOrpaMMHPOBAHHUHM  IIENIECOO0pa3HO
NPE/ICTABUTh B BHE:

P ~ v
C, = V:ZMG‘”[_ a"kzzjfkv(vk +P)+4 +a, PV}.

B stux dpopmynax:

I, O ~ I, -1
_ 3 3 _ 3 i
GJ’P - _ F L GPJ - 0 I !
i 3 3 3
rae.
0 — r3Jp ern
— ip _rh
=l v O |,
_ rsz rljp 0
IIpUYEM:
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P yP i
=X =X
rsz :sz _ij;
rsjp :X;_X;

€CTh IIPOEKIMH PA/INyCca-BEKTOPa I, HAa OCH KOOPJMHATHON CHCTEMBI X1XpX3;

P(v=j+1j+2,...k-1) — MaTpHIla-cTooer] BHEIIHEHN
COCPE/IOTOUCHHOW Harpy3kl W/WIM COCPENOTOYEHHBIE HAarpy3KH OT JeWCTBHS
BHYTPEHHETO JIaBIICHUS B DJIEMEHTaX TPyOOIpoBoaa

Matpuusl  a,,V,, 4, BBYMCIAIOTCA 1O TPHUBEIEHHBIM B pasjene S
dbopmyam.

[Ipumeuanus:

1. Ilpn BomonHennu pacdera 1o QopmynaMm (9) ¢ memsio  GopMHPOBAHHS
paspelaroleii CHCTEMbl YpaBHEHHH clielyeT MpUHUMATh P=K.

2. Ecmu Y4aCcTOK HE€ HMMECT IPOMEXKYTOYHBIX ONOP, TO HYXHO HNPUHHUMATb, 4YTO
YYacTOK COCTOHMT U3 oaHoro mposera u j=0, kK=n (N — 4ncio 0Tpe3KoB B yuacTke).

6.2. BekTop cHJI B HAYAJILHOM Ce4eHHH MpoJjeTa

6.2.1. Ucxonubie manHbie: j, K — HOMepa ceveHuil KOHIOB mpojera; A, Ax —
BEKTOpHI (6x1) mepeMenieHnii KOHIIOB TpoJieTa (ompeaesieHre UX CM. B 11. 9).

6.2.2. ckoMbIi BeKTOP:

X, =b(4 —a4,-¢c,) (10)

rae by ,a,,C, BbuncasoTCA N0 Gopmynam (9) npu p=k.

[pumeuanne. Ecimm B ydyacTke HET NPOMEXKYTOYHBIX omop, To ¢opmyna (10)
HCHOOJIb3YETCA TOJILKO IJIA ONPEACIICHUA CHUIT Xo B Ha4YaJIbHOM CE€YUCHUU yHacCTKa.

6.3. BekTOopbl mepeMelmIeHHii M CHJ B MPOMEKYTOUYHBIX CEYEHUSIX
npoJiera

6.3.1. McxonHble maHHBIE: A; — BEKTOp NMEPEMEIICHHI HAYaIbHOTO CEYEHUS
nposneTa; Xj — BEKTOp CHJI B HA4aJbHOM CEYEHUH IIPOJIETA.

6.3.2. McxomHbie BEKTOPHI:

ﬂ’i = Gi(i—l)ﬂ’iflai(G(i—l)i Xi—l +Vi )+ 4

(11)
Xi = G(i—l)ixl—l + P. +V.

mpu 1= j+1,...k-1.

Hpumeuanune. st mocneanero nposera ydactka (t.e. mpu K=n) mo dopmymam (11)
BBIUHMCIIAIOTCA, KPOME TOro, 3HaueHus marpun A, X, Ilo A, mpousBomurcs KOHTPOIb
MPaBUIILHOCTH BBIYMCIICHHMIL: B Cily4yae 3aIlleMJICHHOTO KOHLA NEepeMEIIeHHs A, JOKHBI ObITh
PaBHbI 33JIaHHBIM [EPEMEILCHHUAM, B IPOTUBHOM CIIy4ae — BHIYMCICHHBIM HEePEeMELCHHUAM Y3I1a.
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7. Pacuer y3aa

7.1. PacueT HaYMHAETCS C 3aMEHBI KPUBOJIMHEHHBIX JIEMEHTOB BIIMCAHHBIMH
JIOMaHBIMH, T.€. C OTPE/ISIICHNs] KOOPANHAT TOUEK, U3JI0Ma MOCIEAHUX (CM. MoJpa3ien
5.3). Kpome TOro, s KpHBOJHHEHHBIX 3JIEMEHTOB JOUKHBI OBITH BBIYMCIIEHBI

3Ha4YeHUs K03 duImenTa k; .
HOCHGZ[OBaTeJ'H)HO BBIYUCIAKOTCA JUIA CequHﬁ, rae YCTaHOBJICHBI
MMPOMCIKYTOUYHBIC OIIOPHLI, ManI/I]_II)I:
1
L = _[C| +b| Lk] dl ’
" .
N, :_[CI+bILk] ble (12)
-1
M, :[C| +bILk] [_ble +g|]’
TpAYeM

Lo=0s (mysneBas matpuma 6x6);
No=lg  (enuHMYHAs MaTpuIia 6X6);

Mo=0, (myneBoii BexTop 6x1);
h ht .
bl = blk blk ay ;
-1 h h-t .
C, = _bmlamlblk blk +€; (13)
.
dl = bml ’
1 -1 —
g9, = meCmI _blk blk Cy tCy,
rae.: I — HOMCP KOHIIa TPOJICTA;
k — HOMep Hauasa mpoJieTa;
M — KOHEIL] CJICAYIOUICTO MPOJIETA,
e - MaTpuna 6X6, B KOTOpOﬁ HCHYJICBBIMU SBJIIOTCSA AHWAaroHaJbHBIC

3JIEMEHTBI e{l + elee :

|
€11
eb, 0

I
€33

[
€44

|
0 els

€56

st ynpyroii onopst:
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po
| ) A o
e11 - eZZ - L 1 e33 - I(I 1
1
rae. k,,L, —>kecTkocTs U paboyast JUIHHA IPOMEXKYTOUYHOH MPYKUHHOM

TIO/IBECKH;
P; — pabouas HarpysKa IpyKHHHOI II0JBECKH.

Jit Bcex THHOB omop (KpoMe IpYXUHHBIX) elll+eéﬁ BBIYHCIISIOTCS

MPOTPaMMO¥ W/WITH IPUHUMAKOTCS TI0 UCXOTHBIM JTAaHHBIM.

Boruncnienue MaTpull ¢ ABOMHON HWXHEW WHAEKcAallMed NpPOU3BOAMUTCA IO
¢dbopmynam (9).

[pumeuvanue. Marpunws! Ly, N;, M, kenatensHo 3a1OMUHATH A7l IPOBEICHUS pacueTa
HaHp?DKCHI/II/I.

Kpome Toro, BEIYUCISIIOTCSI MATPUIIBL:

N,=N,+.+L,.LN +L . .LLN_ +..+

+L,..LLL N
M, =M, +.+L.LM +L.LLM +..+ (14)
+L,..LLL, ..M ;

L, =L,..LLL,..L.

rue: j — KOHEI[ [epBOro MpoJIeTa;
I' — HayaJo MOCIEeIHEro MPOJIeTa;

N — KOHEIl y49acTKa.

Jlanee BBIYMCIIAIOTCA MAaTPULIBL:

Ay = bj_ol(ajo - Njn );
Boo = b;;(cjo -M in ); (15)
AOn =|ajiél‘jn'

I[J'IH IIPOMEKYTOYHBIX Y4AaCTKOB, KPOME TOT'O, BEIYUCIISIOTCSA MaTPUIIbI:

A—m = bnrbl:rl( |6 _aanr )!
Ao=A,; (16)
B 0o = _Enrbn_rl(anrM r +Cnr )+6nr'

B ciydae korzia yuacTok HE MMEET ITPOMEXKYTOUHBIX Onop, B (popmysax (16)
ClleyeT IPUHATS!
r=0; L =0; M, =0,
a B popmynax (15):
j=n; N, =0,; M, =05 L, =l

¢dopmyiisl (12) u (14) B 9TOM cilydae He UCIIOJIB3YIOTCSL.
Hl)HMe‘{aHI/Ie. HpI/IHI/IMaeTCSI MPEMJIOKEHUE, YTO B Yy3JlaX IMPOMEKYTOYHBIE OIIOPLI
OTCYTCTBYIOT.
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8. ®opmupoBaHue paspenaonieii CHCTeMb]l YPaBHeHU

8.1. Marpusl (15), (16) ucnons3yrores s GOPMUPOBAHUS Pa3pelaronieh
CUCTEMBI YPAaBHEHUM!

ANEs

1

A A A Al [x]4 [=[B2] (17)

N i i

A; As As Axl 1A (B

Lenecoobpasno popmuposanue cucremsl (17) Mpou3BOANTH OJHOBPEMEHHO
C PacueTOM YYacTKOB, HE BBIICIIAS B OTICIBHBIH OJIOK.

Kosdduumentsr A=, A, ... — MaTpuIIbl 6x6;

1177127

A\ 25,...BZ, B>, ... — BekTOphI-CTONOLE! 6x1.

Kaxxmas cTpoka CHCTEMBI COOTBETCTBYET OIZHOMY Y3y, a UMEHHO Y3IY,
HOMEp KOTOPOIO COCTaBISEeT HIKHWH MHAekc Tpu A u B> u nepBblil HukHUii
uHIeKC npu A (BTOPOH MHIEKC — HOMEp y351a, C KOTOPHIM JIaHHBIH y3€Nl COEIMHEH
Y4acTKOM).

Koapunmentsr u  cBoOGomubie wieHsl cucteMbl (17) BBIUHCIAIOTCS
CIIEIYIOIINM 00pa3oM.

8.2. Marpura Af ABJIAETCS CyMMOM MaTpull A, A, Y4aCTKOB, CXOISIIUXCSA

B JQHHOM y37€ | , IpUYeM Ui y4acTKOB, HyMepalus TOYeK ACICHHS KOTOPBIX Ha
OTpe3KH HauyMHAeTCs B y3ie, Oepercs A, a JUIi y4acTKOB, HyMepalus JACICHHS

KOTOPBIX 3aKaHUMBAETCS B y37e, Oepercsa A, .

8.3. Marpuua B> sBisercst cymmolt co 3HakoM MuHyc Matpuul B, u B,

On

Y4aCTKOB, CXOOANINXCSA B Yy3JI€ |_ , IPpUYEM JJI1 Y4aCTKOB, HyMEpanusa TOYCK ACIICHUA
KOTOPbBIX Ha OTPE3KHW HAYUHACTCA B Y3JIC, 6Cp€TCH BOn , @ UI1 TAaKuX Y4YaCTKOB,

HyMepalus TO4YeK JelIeHHsl KOTOPBIX 3aKaH4uBaeTcs B ysne, Oeperca B ,. B cimyuae
KOIJIa K y3.ly [IOJXOUT KOHLEBOH Y4acToK, B cyMMy B> BKiOuaeTcs Taxke MaTpuua
A, A, 3TOrO yuacrka.

Bmecte ¢ Tem 3Ta MaTpuna A, HCKIFOYAaeTCs U3 MATPUIBl KO3 UIHEHTOB

cuctemsl (17).
B ciyyae xorma TpyOONpoBOJHAas cHUCTeMa WMEET OJMH Y3eJ, Marpuia
nepeMeleHni ero onpenensercs 1o Gopmyoie:

A= (A%y BIZ'
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[Ipu BBIOOpE METOAA IS PEIICHHUS CHCTEMBI YPABHEHUH CIIEAyeT YIUTHIBATH,
9TO0 Marpuna Kod((UIMEHTOB IMONY4YaeTCs CHMMETPHYHOHW, IOJOKHUTEIBHO
OTIPEJIICHHON U MOKET UMETH OOJIBIIIOE KOJIMYECTBO HYJIEBBIX 3JIEMEHTOB.

9. Pacyer ycuiuii, nepeMenieHuii, HanpsiKeHU

9.1. TlepeMemieHusi CEYEHHid, TI€ YCTAHABIUBAIOTCSA MPOMEKYTOUYHbIE
yrnpyrue omopsl (T.e. KOHIEBBIX CEUYEHHH MpOJIeTa), BBIYUCIAIOTCS 1O (hopMmyJe
o0paTHOTO X0/a.

A =LA +N4+M,

Ycuinns B HAYalbHBIX CEYCHUSIX MPOJIETOB BhrUHCistoTes o (opmyste (10).
J11s1 y4acTKOB, HE MMEIOIIUX TPOMEXYTOYHBIX OMOP, YCUITHUs Xy BEIYUCISIFOTCS 110 TOM
xe popmyite tipu j=0, k=n.

Yewnus W NepeMelIeHUss B MPOMEXKYTOYHBIX CEYCHHUSIX — IIpojieTa
BBIYUCIIAIOTCS 110 hopmyite (11).

B BbBIYUCIISICMBIX ManI/IHaX CUJl HepBI)Ie TpI/I 3JICMCHTA SBJIAIKOTCSA
HpOCKI_[I/ISIMI/I BeKTOpa CHJIBI HA OCH X1, X2, X3, @ OCTAJIbHBIC TpI/I — HpoeKI_II/IﬂMI/I BeKTOpa
MOMEHTa Ha Te Xe OCH. [lepBble TpU SJIEMEHTa MAaTpPHUI| MEPEMEIECHUN — HMPOEKIHH
BEKTOpa IMOCTYMATENLHOIO MEPEMENICHUSI Ha OCH X1, Xz, X3, & OCTaJbHbIE TPU —
MPOEKIIMU HA 3TH OCH BEKTOPA YTIIOBOTO MIEPEMEIEHHS.

Jnst cewennii 0, 1, 2,..., N y4acTKOB, a TaKXKe I CEUCHUH, PACTIONOKEHHBIX
M0  CepelrHE  KPUBOJIUHEHHBIX  OTPE3KOB,  BBIYKMCISIOTCS  HAMPSKCHUSL.
[IpeaBapuTebHO MATpPUIA CHI Xj, ACHCTBYIOUIMX B THX CEUYCHUSIX, ODKHA OBITH
MpUBE/ICHa K OCSIM MOJBHKHOM KOOPAMHATHON CUCTEMBI 10 (hopMyiam:

X, =D/X,;
X, =DD,X,.
IepBass ¢Qopmyna cropaBeaauBa [Aisl CEUEHHs, PACIOJIOKEHHOTO B  KOHIIE
MPSIMOJIMHEHHOTO OTpe3Ka M Ha CepeiMHe KPUBOJIMHEWHOrO OTpe3ka, a Bropas
(dbopmyia — Ui ceUYeHHsl, paCoI0KEHHOT0 B KOHIE KPUBOJIHMHEHHOTO OTpE3Ka.

Matpuna D; Bprumcmsercs B cooTBercTBUH ¢ 1.5.4.2. Jlnsg cedeHHH,
pacIoNOKEHHBIX B CEpelMHE M B KOHIE KPHBOJIMHEHHOro OTpe3ka, marpuia Dj
BBIYHCIISICTCS JUTS OTPe3Ka B 11eoM (aj Beraucisiercs o popmyite (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

[Ipu ompenencHWH HANPsDKEHWH B KPUBOIMHEWHBIX TpyOax ClemyeT
YUUTBIBaTh paBeHCTBa (cM. pa3znen 5 PTM):
N, =-X;;
M, =-X,;
M, =X;;
M. =[x,

e X,, X,, X;, X, — DJNEMEHTHI BEKTOPA BHYTPEHHUX CHJI, OTHECEHHOTO K
TEKyIlIed CUCTEME KOOPIUHAT.

Yron @, xapakTepusyloUMi MOJ0XeHHe OOKOBOTO OTBEpCTHS B TpyOe
(TpOMHUKOBBIA  y3en,

cM. puc. I14.7 PTM), pomxen
TOJIOKUTENBHOM OCH X, B CTOPOHY MOJIOKHMTETBHON OCH X, .

OTCUUTBHIBATLCA  OT

Hanpsokenue oy, ONpPENETAETCS IPU 9TOM 10 GopMyJie:

50 =—X;sin®+xgcosq>_x_;_

ZMN W F

Mocksa, 2023
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[puaoxenne 3. YncaeHHass METOIHKA PACYETA MOA3EMHBIX TPYOONIPOBOI0B

II. 3.1. O61me mo10KeHHust

PaccmatpuBaeTcss  B3aUMOJEHCTBHE  CTaJbHOrO  TpybompoBoia ¢
MIPOMBIIIUICHHOW M30JIsIMel (HanpuMep, reHonoimyperanoBoit, [1I1Y) B obonouxe (B
YaCTHOCTH, TOJUITHICHOBOH, [13), KoMIeHCcHpyromuX NoaymeKk (Kak IpaBHiIo, W3
MIEHOIIJIacTa) ¥ TPYHTA OCHOBAHMUS M 3aCHITIKH.

ConpoTuBIICHHE MEpEeMEIIEHUsIM B IUIOCKOCTH, MEPIEHIUKYISIPHOH OCH
TpyOOIpoBOAa, BCIEACTBUE €T0 HArpeBa MOAENUPYETCS B KaKAOH TOYKE LEINbIO
MOCIIeZIOBATENbHO COeMHEHHbIX npy)uH. Ha puc. 3.1 moka3aHa mpy)XWHHasi L€lb,
MOJICTTUPYIOIIAsi CONPOTHBICHHE OOKOBBHIM NEPEMEIICHUSIM B T'OPHU30HTAJILHOM
IIOCKOCTU. B BepTUKAIbHON MIOCKOCTH UMEEM aHAJIOTHYHYIO PACYETHYIO CXEMY.

Puc. 3.1

[pyxuHa 1 MOAemUpyeT COMpPOTHUBICHHE OOKOBBIM mepeMemeHusM [1ITY-
M30JALWYN, TIPYXWHA 2 — TONyIIeK W3 IICHOIUIACTa, NpYyXKWHAa 3 — TpYHTA.
ConpoTHBICHNEM MTOJIMATHIICHOBON 000JI0YKH B CHITy €0 MaJIOCTH IpeHeOperaem.

[Momymrkn #3 TEHOIIaCTa MOTYT OTCYTCTBOBATh, TOT/Ia YHWCIIO MPYKUH
COKpallaeTcs, T. €. Lielb OyAeT cocTosTh u3 npyxuH 1 u 3. B hopmyue:

HazoBeM mpousBeneHne KoD, THHERHBIM K03 PHUIMEHTOM MTOCTENN W 0003HAYMM €ro
gepes k. Jlyst aToro kosddunrenta crpasemmmsa Gopmyia:
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1 1 1 1

k k kK

[TycTs cxxaThe Tpex mociaenoBaTeIbHO COSTMHEHHBIX IPYXHH Ok, TOTAA, AehopMaIin
CXKaTHs KaKAOH MPY’KUHBI COCTAaBUT:

&
I
&

S >
I I
&>

Eal E ol Eottall koy

OTHOcUTENbHBIE Ie)OpPMAIINH CKATHS OYAYT CIEITYIONINMHU:

5k
a5k
k 1
gzzézhl
5 K
6=2-%
é‘k k3

XKecTkocTh KaXJ0H MPYKUHBI XapaKTePU3yeTCsl CBOUM KOI(P(PHUIMEHTOM MOCTEIH M

3aBUCHT OT OOKOBOIO IepememnieHusi TpyObl Henuueino. Onpenenenue Ki, Ko, Ks
MIPUBOTUTCS HUKE.

II. 3.2. IIITY -u3oasuust

Jluueiinsiit koddduument mocrermu, H/mm’

k,=k,-D,,

K
rue.
_E

hi !

S

u

E: — moayis ynpyroctu ITITY-u3omsiuun (cexyumas), H/mm®,
S, — TOJIIHA M30JISAIHH, MM.

Su = O’S(DK - Du)

ch — AUAaMETPp KOXKYyXa U30Js10UHn, MM,

k

D, — napyxusiii tuametp Tpy6sI, M.

E; Bpumcisercs no gpopmynam:
« pr £<0,03 E; =8,8 H/un’,
* mpu £>0,03
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rae:

H/mm®.

E;’ =B,(100s - B,)* - (B, —100¢)%,

B,=1016,2;
B,=-4,0397;
B;=83,339;
B4:-|,1678;
Bs=-0,56135.

B npuBeIeHHEIX GopMyIax & = —=
k

ki, HaxomuTCs ¢ momomipio urepauuii. Havansnoe mpubmmkenune mis E; =8,8

IIpu pgucKpeTHOM MoOAenu B3aUMOAEMCTBHUSI C TPYHTOM JKECTKOCTb

sKBUBaNeHTHOW mpyxuHbl c;=Kil (I — mmar paccraHoBkm ympyrux omop), a ee
nogaTiauBocTh A1=1/c;.

II. 3.3. KomneHcupyomas noaymka

rac:

JInueitusiii kodddumment mocremn, H/vm®

kzzkhz'DK:ESv

_E
h2 D

K

k

EZS — MOJyITh YIPYFOCTH MOAYIIKH (cexymmast), H/mm?,

DK— TOJIIHWHA MOAYHICK, IpUHUMacMas paBHOﬁ AUaMETPy KOXKyXa

H30IISAIUHI, MM.

S
E, sbruncnsercs no gopmysne:

E; =B,-e* +B,-e%",

TIe.

0.

e=—-2.
o)
Tun nogyumku
«MAKAS) «CPEOHILY «IcéEcmKasy

B, 0,4767-10™%° 0,1557-10° 1,5026-10°
B, 26,055 18,348 16,347
B, 0,03062 0,05082 0,1242
B, 1,5326 2,0017 1,2863
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k, HaxoauTCst ¢ MOMOIIBIO uTeparmil. HadanpHoe npubiamKeHne Juis E;-0,3

2
H/um®.

Ilpu AMCKpEeTHOH MOIENH B3aUMOICHCTBUS C TPYHTOM >KECTKOCTb SKBHUBAJCHTHOM
npyxuHbl ¢,=K,l (I — mar paccraHoBKH yHOpyrux omop), a ee moJaTiuBocth A,=1/c;.

I1. 3.4. I'pyHT — rOpU30HTAIBHAS IIOCKOCTh

. 2
Jluneitapit Ko duiment nocrenu, H/yum

k3=kh3-DK,
rue:
R R
P Oa| > —L
5 o

kh3 =

& o)<

B mpuBeneHHBIX GopMyiax:
Rep — HecyIast CHOCOOHOCTB IPYHTA, H/wnd.
-27

0 012E, 7, 1 gD

h3 2 !
(1= 4*)\i,D,
E, — Moayns ynpyroctu rpyHra, H/un?,
I0
[Ipumeuanne: ecnum TPHUHUMAIOTCS APYTHE Pa3MEPHOCTH, HAIpHMeEp
KUJIOrpaMMbl — caHTUMeTpsl, TO |, =100cm, a eciiit ToHHBI-MeTpI |, =1y

— eIMHUYHAS JUITMHA TpyOoIpoBoa, pasHas {000mm;

1 — koapdunment [lyaccona rpyHTa;
Z — rmyOuHa 3aI0KEHUS OT MIOBEPXHOCTH JI0 OCH TPYOBI, MM,
1, — K0d3)QUUMEHT, XapaKTEPU3YIOLIUHA TIOJI0KEHUE B TPAHIIEE.

N, = 0,5478° — p+0,854,

a — paccTosgHHe 0T OOKOBOM 00pa3yromieii TOBEPXHOCTH KOXKyXa IO CTCHKH TpPaHIIEH,
MM

a=150  D_<700
a=025D_ D, >700
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Bennunba ks Haxomurcs ¢ moMomp0 uTepaunuit. HauyanpHoe NpHONIMKEHHE ISt
0
kh3 _kh3‘
IIpu guckpeTHOM Mojenu B3aUMOACHUCTBUS C TPYHTOM JKECTKOCTh
9KBHBAICHTHOW mpyxkuHbl ¢,= K3l (I — miar paccTtaHoBKM ympyrux omop), a ee
nmogatnuBocTh Az=1/c,.

II. 3.5. 'pyHT — BepTHKAJIbHAS MJIOCKOCTh, NAPAJLIeIbHAS OCH TPYObI

Jluueiinsiit koddduiment nocremu, H/mm’
K, =KD

roe K,, He JIMHEHHO 3aBHCHT OT BEPTHKAJIBHBIX MEPEMEIICHHH TpyOOmpoBoaa H

K!

PacCUHUTHIBAETCSI IO HIKE MIPUBEIECHHBIM (OpMyIIaM

o o Ol44E,.. 10 |
ocu pu 0,20 (ImepeMeleHne BHU3
e (1= w10,
o _0072E,, [ S0 )
sac ) npu 0,<0 (ImepeMeneHue BBEPX).
e (@= 1)1,D,
O 53 S— ?n‘n.kp. _h
kh3:eqcD)< Cp,Z
Qp..
q,, +| 0 + 2% J~C .
_ g ( : kf?33uc P qnp 2p. _ qnp <5 <— qnpep
5 D k"?SXHL K Cp,Z : kf??ua(
kh3 — qnp h3sac _ anpr < 53 < 0
qnp.ep. kh3xar
kf?Su(H O < 53 < -
h3ocn
R R,
53 k|'(IJ30CH
qnp. 2p. ~ NPEIIEIILHOE CONMPOTHBIICHHE IPYHT, H/wm
™ ) 0,7ZC,
Qpop. = VoDl L= D, |+ k 7., L9070, +——F0—
8 cos0,7¢,,
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1 D, >1000..m
k= D,
1000

7, — o6bemubIit Bec rpynTa, H/Mmam’;

D, <1000am

0,, — MPEJIENTLHOE CONPOTHUBIIEHUE MOTIEPEYHBIM TIEPEMELIEHUM, H/MmM;

Q,=4,%t0,..;
Ornpenenenne q,,, npuseaeHo B I1. 3.7.
C,. — ko> duument pasrpysku, H/un?,
c = dw
2" Z7+0,5D,
R — HecyIas ciocobHOCTb rpyHTa, H/Mm®,

np

I1. 3.6. I'pyHT — BepTHKAJIBHAS IVIOCKOCTD, NEPIEHANKY/ISIPHAS OCH TPYObI

ConpoTHBieHHE TPyHTa HPOAOJBHBIM MEpeMelIeHHAM TpyObl B oOyacTH
YIPYromIacTHYCCKUX aedopMannii MOXKHO HPEICTAaBUTh JUHEHHOH 3aBHCHMOCTBIO,
npemioxenHoi A.b. AiinOunaepom [126]

T/zp = chA yen !
3necs:
2
T,, — TIPE/ICIILHOC CONPOTUBICHUE TPYHTa CABHTY, H/cm’,
C,p — O0OOMmEHHBIH KOX()(QHUIMEHT KacaTENbHOrO CONPOTHBICHHS TPYyHTa
H/CM3,

A yei — YCIOBHOE IIEPEMCIICHHME, COOTBETCTBYIOLLCE  IPEACIBHOMY

CONPOTHUBJICHHIO TPYHTA CIBHTY, CM.
3aBUCHMOCTh  TONydeHAa  IyTeM  3aMEHbl  HCTHHHOHW  JnarpamMmbl
CONPOTUBJICHHST TPyHTAa  IPOJAOJBHBIM  IEPEMEICHUSM,  HACAUTU3UPOBAHHOM,
MMOCTPOEHHOH 1Mo aHanoruu ¢ auarpammoint [Ipanarisa. OO0OMEHHBIH KO PUIHEHT
KacaTeJIbHOT0 CONPOTHBIICHHS IPYHTA MPEACTaBIsET CO00I OTHOLICHHE:

U MMEeT Pa3MepHOCTh KO QUIMEHTa OCTENIM IPyHTa MU cABure. B HopMaTHBHOI
0a3e 0 TpyHTaM OH COKpAIIeHHO Ha3bIBaeTCA KOX(PQPHUINEHTOM CONPOTHUBICHUS

IPOAOJIbHBIM MEPEMCUICHUSAM. 3HaueHUs C.,» HOJYYCHHBIC B PE3YJIbTATC O6pa6OTKI/I

OKCIICPUMCHTAJIbHBIX JaHHBIX AJIs1 HEKOTOPBIX THUIIOB 'PYHTOB, IPUBCACHLI B Ta6m/1ue.
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Ipu oTCYyTCTBUM SKCIEPUMEHTANIHBIX JAaHHBIX JJIS IOJIy4EeHHs 3HAUCHUs ¢, MOXHO
HCIIOJIb30BATH MPUOIIMKEHHYIO (OPMYITY:
¢, =Nk, (h),

rue:

k,(h,) — xoadduument mocrenu rpyHTa MpU COBHTE, COOTBETCTBYIOLIMI
TOJIIMHE CJIOs TpyHTa Hax Tpy6oit h, B 1 metp,

N — [OOHMKAIMUN KOd(p(UINEHT, MPUHUMAEMBIH IO Tabiume, Koraa
TOJIIMHA CJIOSI TPYHTa Haj TpyOod h, mpesbimaer 1 MeTp. 3aBHCHT OT OTHOIICHUS
h,/h,.

JInueitusiii ko> dumment mocremn, H/vm®

K3 = Kig - Dy,
rac:
qmp |53| > qmp
|53 DK ﬂDKCXO
Kng = g
7C,, 5] < ﬂDLj(U)Xo

B npuBenennsix popmynax:

Qmp — MHTEHCHBHOCTH CHJI TPEHMd, JEHCTBYIOWMX BIOJb OCH TPYOHl NpH
GeckaHaIbHOMN MPOKIaKe B rpyHTe, H/M [5];

D, — nanameTp K0XyXa H30IIAIHH, M,

Cxo — 0000mIEHHBI KO3((UIMEHT KacaTenbHOTO CONPOTHBICHHS TPyHTa
H/wm% BBUMCIACTCA KaK CPeNHss BEIMYHHA MEKTy KOdhHIMEHTaMH TpyHTa
OCHOBaHHMSI, 3aCBIITKU CBEPXY U COOKY;

J3 — OCeBbIE MepeMelIeHus TpyOoIpoBoa.
Bennunna K3 Haxomurcs ¢ moMomipi0 uTepanuit. HauyanpHoe NpHONIMKEHHE ISt

K., — k.
h3 h3
B cnyuae npumMeHeHMs — KOMIIGHCHUPYIOIIUMX — IOAYLIEK,  BEJIWYMHA
ko3¢ durmenta nocrenu Ky ymensiraercs B 1000 pas.
J1s peasn30BaHHOM JUCKPETHOM MOJEIM B3aUMOJCIHCTBUS € TPYHTOM
KECTKOCTh KBUBAJICHTHOMN TpyXuHbI ¢,=Ksl (I — mar paccraHoBku ympyrux omop), a
ee MoJaTIIMBOCTh Ag=1/c,.
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Ta6muma I13.1

3HaueHKre 0000MEHHOr0 K03 HIMEHTa M CONPOTHBICHHS IPyHTa C 4, Mlla/cm
IIpenens HOPMATHBHBIX XapakTepUCTHKH TPYHTOB ITpU KO3 PHUIIEHTE
Bupnel rpyHTOB 3HAYCHUI KOHCUCTCHIIHU MOPUCTOCTH &
rpyHTOB I <0,5 0,5-06 | 0,61-0,7 | 0,71-0,8 | >0,8
[Tecku TPABEIHCTHIE, KPYIHBIC 3 0,033 0,030 0,027 0,025 0,025
U CpeHeH KPYITHOCTH
Ilecku MeJIKMe U NbLUIEBATLIE - 0,025 0,021 0,021 0,019 0,019
Cynecn 0<I1.<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<I1,<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
R 0<I1,.<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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IMpubnmxenusle 3HaueHUs koddoumenta nocremn K, (h,) s HekoTopsIx

THUIIOB I'PYHTOB, 3auMcTBoBaHHbIe U3 [30], npuBenens! B Tabiuue I1 3.3.

Tabmuna I1 3.2
MMonnxarmmii ko3gdunueatr N
h./h, 1,0 0.8 0,6 <05
n 1,0 0,9 0,8 0,75
Tabmuna IT 3.3

3HauyeHust ko3 (puIMEHTA NOCTETH IPU CABUTE
MPH BBICOTE 3aChINKH HAJ TPYOoii h; = 1,0m

I'pyHr k,(h,) H/cm®
Cymnecs 5
CyramHOK 4
Topd cyxoii 0,5
Topd BraxHbIi 1,0

I1. 3.7. Onpenenenue HArpy3Ku OT Beca TPyHTA, JieiicTBYIoLIeil HA TPYOONPOBO

HopmaTtuBHYI0 Harpy3Kky oT Beca TpyHTa Ha €IUHUILY JJIMHBI TPYOOIPOBO/Ia,
YKJIQ/IIBAEMOT'0 B TPaHIIIEe, CIEAYET ONpPEACNATh 1o hopmyie

qep:nh yepBH’

rac B- pacy€THad IMHpHUHA TPAHIICH Ha YPOBHC BEPXa U30JIAIUH,

)

Z- PACCTOSIHUC OT OCHU pr6BI J0 MOBEPXHOCTHU 3EMIIU, M;

Th - kK03 HUIMEHT BEepPTHKATBHOTO MABICHHS TPYHTA, OINPEICIIEMBIA IO
TabIuIE:

KoadpunpeHT BepTHKaNbHOTO IABJICHHS 7J ISl THIIOB 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

182 HUILL CraluO




Mpunoxenne 3

Koa¢durpeHnT BepTHKAIBHOTO IaBICHHS 7 UL TUIIOB TPYHTOB
HIB
1 2 3 4 5

6,0 0,40 0,44 0,46 0,50 0,54
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

[Ipumevanue. Tumsl rpyHTOB:

1 - neckn MaNoOBNAXXHBIE U PACTUTEIBHBIN TPYHT;

2 - TIECKH W PACTHTEJBHBII IPYHT BIaKHBIE W HACHILICHHBIC BOJOMH, Cylech
TBEpAasi, TyTOIUIACTUYHAS U IUTACTUYHAS; CYyTJIMHOK TBEP/bII U TyroIUIaCTUYHBIH;

3 - cymech MATKOIUIACTHYHAs M TEKy4as; CYIJHMHOK IUIACTHYHBIN, IJIMHA
TBepJlas U TYroIUIacTHYHAS,

4 - CYIrIMHOK MSATKOIUIACTHYHBIA M TEKy4Md, TIJIMHA IUIaCTMYHas U
MSTKOIIaCTUYHAS,

5 - rMHA TeKy4asl.

B TpyOompoBonmax OeckaHambHOM NPOKIAJKH B TPYHTE CHJIBI TPEHHA
JEUCTBYIOT BJIOJIb OCH TPYOBI Kak pacnpesieieHHasl Harpy3Kka ¢ ”HTEHCHUBHOCTBIO H/m:

O = 4|1-05sing, )y, Z 7 D+g|
rac.
g — CyMMapHBI{i IIOTOHHBII BeC MaTepHaa TpyObl, TPOAYKTa, H30JISIHH.
@op — Y20 BHYMpEHHe20 Mpenusl 2PYHma.

Koaddunment tpenus onpenensercs no hopmyrie

/’l = tg nm ¢ep !
rac:
Ny - KO:)(l)(l)I/II_II/IeHT, 3aBUCSIINN OT KOHCTPYKIUU HW3O0JIAOMHM W XapaKTepa
HarpyXCHuA.
I[J'IS[ HanbOoJee pactipoCTpaHECHHBIX H30JIAIUNOHHBIX KOHCTPYKIII/Iﬁ 3HAYCHUA
Ny IPUBEICHBI B TabnuIie. I[J'ISI APYyrux M30JIAUOHHBIX KOHCTpYI(L[I/Iﬁ 3HAQUCHUA Npy
CIICAYECT IPUHUMAaTh Ha OCHOBE CIIPABOYHBIX HMJIN SKCIICPUMECHTAIBHBIX JaHHBIX.

Koaddrmment Ny,
IlenomonuyperaH ¢
Xapakrep Harpy>KeHus ypv ApMOTIeHOOETOH,
000JI0YKOH U3
nmomMepoeToH
ITOJIMDTHIIEHA
MHOrokpaTHOEe 4YepPENOBAHUE IHMKIIOB
P pen " 0,33 0,67
HAIPEB - OXJIAXKICHUE
OmHOKpATHBIN HAarpeB (OXJIAKICHHE) 0,67 1,00
Kparkospemennoe MPUJIOKEHHUE
PaTKOBD p 1,00 1,15
Harpy3Ku
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IIpuaoxenne 4. XapakTepuCTHKH NPYKUHHBIX ONIOP
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Ipunoxenue 4

IT 4.1 MBH 049-63

Tabmuna la. MBH 049-63. KecTtkocTn npy:kuHHbIX neneii Ky, kH/m

MaxcumanpsHast Harpy3ka nenu (Pi), kH (Ha ogay T41Y)
z |095 193 [286 [504 |[799 [11.33 [1532 [ 201 [2373 [3354 |4531 |56.09
1 |1357 2757 4086 7200 1141 1619 2189 287.1 339.0 4791 6473 801.3
2 |6786 1379 2043 36.00 57.07 80.93 109.4 1436 1695 239.6 3236 4006
3 |4524 9190 1362 2400 3805 5395 7295 9571 1130 159.7 2158 267.1
4 |3393 6.893 1021 1800 2854 4046 5471 7179 8475 1198 1618  200.3
5 |2714 5514 8171 1440 2283 3237 4377 5743 67.80 9583 1295 160.3
6 |2262 4595 6810 1200 19.02 2698 3648 4786 5650 79.86 107.9 133.6
7 [1939 3939 5837 1029 1631 2312 31.27 41.02 4843 6845 9247 1145
8 |[1696 3446 5107 9.000 1427 2023 27.36 3589 4237 59.89 8091  100.2
9 |1508 3.063 4540 8000 12.68 17.98 2432 3190 37.67 5324 7192 89.03
10 | 1357 2757 4086 7.200 1141 1619 21.89 2871 3390 4791 6473 80.13
O6o3navenus npy:xxun no MBH 049-63
N ) MaxcumanpsHas Harpy3ka nenu P, (kH)
1w 095 [193 [286 [504 |[799 [11.33 [1532 |20 |23.73 |3354 |4531 |56.09
2140 | 01 02 03 04 05 06 07 08 09 10 21 22
1] 70 11 12 13 14 15 16 17 18 19 20 24 25
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Taosmua 16. MBH 049-63. KectkocTn npyxkuHHbIX neneii Ky, kr/cm

MaxkcumanbHas Harpy3ka en (Pi), kr (Ha ofHY TATY)
z |98 [197 292 [514 [814 |1155 |1562 [2049 [2419 |[3419 |4619 | 5718
1 |1383 2810 4165 7339 1163 161.9 2231 2927 3456 4834 659.8 816.8
2 |6917 1405 2082 3670 5818 80.93 111.6 1464 1728 2442 3299 408.4
3 |4611 9368 1388 2447 3878 5395 7436 9757 1152 162.8 2199 2723
4 |3459 7.026 1041 1835 29.09 4046 5577 7318 86.40 1221 1650 204.2
5 |2767 5621 8330 1468 2327 3237 4462 5854 69.11 97.68 1320 163.4
6 |2306 4684 6941 1223 1939 2698 37.18 4878 5759 8140 1100 136.1
7 | 1976 4015 5950 1048 16.62 23.12 31.87 41.81 4937 69.77 9426 116.7
8 |1.729 3513 5206 9.174 1454 2023 27.89 3659 4320 61.05 8248 1021
9 |1537 3123 4628 8155 1293 17.98 2479 3252 3840 5427 7331 90.76
10 |1.383 2811 4165 7.339 1164 1619 2231 2927 3456 48.84 6598 81.68
O6o3navenus npy:xun no MBH 049-63
N A MakcumannsHas Harpyska nenm PH, (KF)
Iwvv | 968 [197 [292 [514 |814 [1155 [1562 |2049 |2419 |3419 |4619 |5718
2140 ] o 02 03 04 05 06 07 08 09 10 21 22
1] 70 11 12 13 14 15 16 17 18 19 20 24 25

[Mpumeuanue: A — nporud npu MaKCUMAaIbHOM HArpy3Ke, Z — CTPYKTYpa ICTH:
1=1, 2=2, 3=2+1, 4=2+2, 5=2+2+1, 6=2+2+2, 7=2+2+2+1, 8=2+2+2+2, 9=2+2+2+2+1, 10=2+2+2+2+2
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I1 4.2 OCT 108.764.01-80
Tabnuna 2a. OCT 108.764.01-80. KectrocTn npyxuHHBIX neneii Ky, kH/m

MaxcumanpHast Harpy3ka nenu (Pi), kH (Ha ogny T41Y)
z 126 [273 [524 | 8 [1167 |16.34 |19.66 |26.34 |326 |400 [486 |5845
1 18.00 39.00 74.86 1143 166.7 2334 2809 376.3 4657 5714 6943 8350
2 9.000 1950 3743 57.14 8336 116.7 1404 188.1 2329 2857 3471 4175
3 6.000 13.00 2495 3810 5557 7781 9362 1254 1552 1905 2314 2783
4 4500 9.750 1871 2857 4168 5836 7021 94.07 1164 1429 173.6 208.8
5 3.600 7.800 1497 2286 3334 4669 56.17 7526 9314 1143 1389 167.0
6 3.000 6.500 1248 19.05 27.79 3891 4681 6271 7720 9524 1157 139.2
7 2570 5571 1069 16.33 2382 3335 4012 5376 66,53 81.63 99.18 119.3
8 2250 4875 9357 1429 2084 29.18 3511 47.04 5821 7143 86.79 1044
9 2.000 4333 8317 1270 1852 2594 3121 4181 5175 6349 7714 9278
10 ] 1800 3900 7486 1143 16.67 2334 28.09 37.63 46,57 57.14 69.43 83.50
0O6o3navenus npy:xu no OCT 108.764.01-80
N ) MaxcumanpsHast Harpy3ka nenu P, (kH)
Ivv 126 [273 [524 |8 [1167 |1634 [1966 [2634 [32.6 [40.0 [486 5845
1170 01 02 03 04 05 06 07 08 09 10 11 12
2] 140 13 14 15 16 17 18 19 20 21 22 23 24
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Ta6smua 26. OCT 108.764.01-80. KectkocTn npykuHHbIX neneii Ky, kr/cm

MaxcumanbHas Harpy3ka renw (Pi), kr (Ha ofHY TATY)
z [128 |278 [534 [815 [1190 | 1666 | 2004 |2685 |[3323 |4077 | 4954 | 5958
1 [1835 3975 7631 1165 1699 2379 2863 3836 4747 5825 7077 851.2
2 |9174 1988 3815 5825 8497 1190 1431 1918 2374 291.2 3539 4256
3 |6116 1325 2544 3883 56.65 79.32 9543 1279 1582 1942 2359 2837
4 |4587 9939 19.08 2912 4249 5949 7157 9589 1187 1456 1769 2128
5 |3670 7.951 1526 2330 3399 4759 5726 7671 9495 1165 1416 1702
6 |[3058 6626 1272 19.42 2832 39.66 47.72 6393 79.12 97.08 1180 1419
7 |2621 5679 1090 1664 2428 3399 4090 5480 67.82 8321 1011 121.6
8 [2204 4969 9538 1456 21.24 2974 3579 4795 5934 7281 8847 106.4
9 [2039 4417 8479 1294 1888 2644 31.81 4262 5275 6472 7864 9458
10 |1.835 3976 7.631 1165 1699 2379 28.63 3836 4747 5825 70.77 85.12
0O6o3navenus npy:xun no OCT 108.764.01-80
N A MakcumannsHas Harpyska nenm PII, (KF)
1wv | 128 [278 [534 [815 | 1190|1666 |2004 |2685 | 3323 |4077 | 4954 | 5958
1] 70 01 02 03 04 05 06 07 08 09 10 11 12
2] 140 | 13 14 15 16 17 18 19 20 21 22 23 24

[Mpumeuanue: A — nporud npu MaKCUMAaIbHOM HArpy3Ke, Z — CTPYKTYpa ICIH:
1=1, 2=2, 3=2+1, 4=2+2, 5=2+2+1, 6=2+2+2, 7=2+2+2+1, 8=2+2+2+2, 9=2+2+2+2+1, 10=2+2+2+2+2
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IT 4.3 OCT 24.125.109-01
Ta6mna 3a. OCT 24.125.109-01. YKectrkocTn npyxuHHbIX neneii Ky, kH/m

MaxcumarnpHast Harpy3ka nenu (Piy), kH (Ha ogny T41Y)
Z 126 273 |524 | 8 [1167 [16.34 [19.66 |26.34 |[32.6 |40.0 |[486 [5845
1 18.00 39.00 7486 1143 166.7 2334 2809 3763 4657 5714 6943 8350
2 9.000 1950 3743 57.14 8336 116.7 1404 188.1 2329 2857 3471 4175
3 6.000 13.00 2495 38.10 5557 77.81 93.62 1254 1552 1905 2314 2783
4 4500 9.750 1871 2857 4168 5836 70.21 94.07 1164 1429 1736 208.8
5 3.600 7.800 1497 2286 3334 46.69 56.17 7526 9314 1143 1389 167.0
6 3.000 6500 1248 19.05 2779 3891 46.81 6271 7720 9524 11577 139.2
7 2570 5571 1069 16.33 2382 3335 40.12 5376 6653 81.63 99.18 119.3
8 2250 4875 9357 1429 2084 2918 3511 4704 5821 7143 86.79 104.4
9 2.000 4333 8317 1270 1852 2594 3121 4181 5175 6349 77.14 9278
10 1800 3900 7.486 1143 16.67 2334 28.09 37.63 4657 57.14 69.43 83.50
Oo60o3navenns npy:xun no OCT 24.125.109-01
N ) MaxcumanpHas Harpy3ka nenu P, (kH)
1vvm [226 [273 [524 [8 [11.67 |[16.34 [1966 [26.34 [326 |40.0 [486 |5845
1] 70 21 22 23 24 25 26 27 28 29 30 31 32
21 140 01 02 03 04 05 06 07 08 09 10 11 12
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Taosmua 36. OCT 24.125.109-01. KectkocTn npykuHHbIX neneii Ky, kr/cm

MaxkcumanbHas Harpy3ka men# (Pir), kr (Ha ofHY TATY)

z [128 |278 [534 [815 [1190 | 1666 | 2004 |2685 |[3323 |4077 | 4954 | 5958
1 [1835 3975 7631 1165 1699 2379 2863 3836 4747 5825 707.7 8512
2 |9.174 1988 3815 5825 84.97 1190 1431 191.8 2374 2912 3539 4256
3 |6.116 1325 2544 3883 56.65 79.32 9543 1279 1582 1942 2359 2837
4 |4587 9939 1908 29.12 4249 5949 7157 9589 1187 1456 1769 2128
5 |3670 7.951 1526 2330 33.99 4759 57.26 7671 9495 1165 1416 1702
6 |3058 6626 1272 19.42 2832 3966 47.72 6393 79.12 97.08 118.0 1419
7 |2621 5679 1090 1664 2428 3399 4090 5480 67.82 8321 101.1 1216
8 [2294 4969 9538 1456 21.24 2974 3579 47.95 59.34 72.81 8847 106.4
9 |[2039 4417 8479 1294 1888 2644 31.81 4262 5275 6472 7864 9458
10 | 1835 3976 7.631 1165 1699 2379 2863 3836 47.47 5825 70.77 85.12

O603navenus npy:xun no OCT 24.125.109-01

A MakcumarnbHast Harpyska menu P, (xr)
1wv | 128 [278 [534 [815 | 1190|1666 |2004 |2685 | 3323 |4077 | 4954 | 5958
70 21 22 23 24 25 26 27 28 29 30 31 32
140 01 02 03 04 05 06 07 08 09 10 11 12

[Mpumeuanue: A — nporud npu MakCUMaIIbHOM Harpyske, Z — CTpyKTypa LemH:
1=1, 2=2, 3=2+1, 4=2+2, 5=2+2+1, 6=2+2+2, 7=2+2+2+1, 8=2+2+2+2, 9=2+2+2+2+1, 10=2+2+2+2+2
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IT 4.4 Cnenuansubie npy:;xuasl (BHUIIAIT)

Tabnuna 4a. ’KecTkocTn cienMaIbLHBIX NPYKUH B X0JI0THOM U padoueMm cocTosinuu, KH/m

MakcHuMalbHbIe HArpy3ku COCHUAJIBHBIX IPYXKUH B XOJOAHOM COCTOSIHUY, xkH
0.6766 | 11.77 | 23.54 | 23.14

Z MaxkcuMajbHBIE Harpy3ku Cri€HaJIbHBIX IIPYXUH B pa6oqu COCTOSAHUU, kH
0.58884 | 10.59 | 16.67 | 20.59
1 9.666 168.1 287.1 165.3
2 4.833 84.07 1435 82.64
3 3.222 56.05 95.69 55.10
4 2.416 42.04 7177 41.32
5 1.933 33.63 57.42 33.06
6 1.611 28.02 47.85 27.55
7 1.381 24.02 41.01 23.61
8 1.208 21.02 35.88 20.66
9 1.074 18.68 31.90 18.37
10 0.967 16.81 28.71 16.53
No [ I Il IV
H,, 117 201 296 366
Aaxevas 68 70 65 138
| Jgicron 70 70 82 140

Ipum. 1-1 cTpoka — HOMEP NPYKUHBI, H ; — BHICOTA B CBOOOIHOM COCTOSHUM, MM, Ayaxcpats Avarcxor — MAKC=1 OCAIKa U 3aTSAXKKA IPYKUHBI, MM.

Mocksa, 2023
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Tabnuma 46. ’KecTKOCTH crienUaJIBLHBIX MPYKMH B X0JIOTHOM M PadoyeM COCTOSTHUH, KI/CM

MakcumalbHbIe Harpy3ku Cri€lHaJIbHbBIX IIPYXXHWH B X0JIOJHOM COCTOSAHHUH, KI'
69.00 | 1200 | 2400 | 2359

Z MaxkcuMajbHBIE Harpy3ku Cri€HaJIbHBIX ITIPYXUH B pa6oqu COCTOSAHHUH, KI'
60.00 | 1080 | 1699 | 2099
1 9.853 171.4 292.6 168.5
2 4.927 85.70 146.3 84.24
3 3.284 57.13 97.54 56.16
4 2.463 42.85 73.16 42.12
5 1.971 34.28 58.53 33.70
6 1.642 28.57 48.77 28.08
7 1.408 24.49 41.81 24.07
8 1.232 21.43 36.58 21.06
9 1.095 19.04 32.52 18.72
10 0.985 17.14 29.26 16.85
No [ I 1T IV
H,, 117 201 296 366
Avaxevas 68 70 65 138
| Jgicron 70 70 82 140

IIpum. 1-1 cTpoka — HOMEP NPYKUHBI, H ; — BHICOTA B CBOOOIHOM COCTOSHUM, MM, Ayaxcpats Avarcxon — MAKC=1 OCATKa U 3aTSAXKKA IPYKUHBI, MM.
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IIpunoxenue 4
I 4.5 LISEGA. Crangaprasblie onopsl 2010, kaTajor 2001 rog

IToBeCKH U ONIOPLI HOCMOAHHO20 YCUIUA @ LISEGA. Tabymna BeIOOpa.

Tun Harpyska (xH)
@
11 0,13* 0,14 0,15 0,16 0,17 0,18 0,19 0,20 0,21 0,22
C3
11 11 0,25* 0,27 0,29 0,31 0,33 0,35 0,38 0,40 0,42 0,44
D3 D2
1115 | 1114 | 1113 | 1112 0,50 0,54 0,58 0,63 0,67 0,71 0,75 0,79 0,83 0,88
1125 | 1124 | 1123 | 1122 1,00 1,08 1,17 1,25 1,33 1,42 1,50 1,58 1,66 1,75
1135 | 1134 | 1133 | 1132 2,00 2,17 2,33 2,50 2,67 2,83 3,00 3,17 3,33 3,50
1145 | 1144 | 1143 | 1142 4,00 4,33 4,66 5,00 5,33 5,66 6,00 6,33 6,66 7,00
1155 | 1154 | 1153 | 1152 8,00 8,67 9,33 10,00 10,67 11,33 12,00 12,67 13,33 14,00
1166 | 1165 | 1164 21163 | 1162 16,00 17,33 18,66 20,00 21,33 22,66 24,00 25,33 26,66 28,00

1176 | 1175 | 1174
1186 | 1185 | 1184
1196 | 1195 | 1194

1173 | 1172 24,00 26,00 28,00 30,00 32,00 34,00 36,00
1183 | 1182 32,00 34,66 37,33 40,00 42,66 45,33 48,00
1193 | 1192 40,00 43,33 46,66 50,00 53,33 56,66 60,00
1286 | 1285 | 1284 | 1283 | 1282 64,00 69,33 74,66 80,00 85,33 90,66 96,00
1296 | 1295 | 1294 | 1293 | 1292 80,00 86,66 93,30 100,00 106,70 113,30 120,00

38,00 40,00 42,00
50,66 53,33 56,00
63,33 66,66 70,00
101,30 106,66 112,00
126,70 133,30 140,00
152,00 160,00 168,00
190,00 200,00 210,00
202,70 213,30 224,00

[TpoMexyTOUHbIE 3HAYCHHS MOTYT
OBITh UHTEPIIOIUPOBAHBI

1396 | 1395 | 1394 | 1393 | 1392 120,00 130,00 140,00 150,00 160,00 170,00 180,00
1486 | 1485 | 1484 ; 1483 | 1482 128,00 138,00 149,30 160,00 170,70 181,30 192,00

i
i
i
i
i
1386 | 1385 | 1384 I 1383 | 1382 96,00 104,00 112,00 120,00 128,00 136,00 144,00
i
i
i
i

(4) 1496 | 1495 | 1494 | 1493 | 1492 160,00 173,30 186,70 200,00 213,30 226,70 240,00 253,30 266,70 280,00
.2 2..(150mm) 135 140 145 150 145 140 135 130 125 120
...3..(300mm) ————————2i0 280 200 800 200 280 _ 270 260 250 240
...4..(450mm) 405 420 435 450 435 420 405 390 375 360
++.5..(600mMm) 540 560 580 600 580 560 540 520 500 480
...6..(750mm) 675 700 725 750 725 700 675 650 625 600

(1) Jnst BeiGOpa OMOp MOCTOSIHHOTO YCHIIMs THIIA 16, NMpPHMEHSIETCS TpyINa Harpy3oK W JHAana30H MEPeMELICHHH Ui COOTBETCTBYHOIICH
nozBecku Tuma 11.

(2)* Harpysku <0,25«kH nu 0,13kH — mo 3akasy.

(3) Honnoe nepemeruenue. ITo 3aka3zy Moxet ObITh 0OecmedeH quamna3on nepemerenus 7 (900mm)

[Ipumep Br160pa: 24xkH/210MMm.
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[Monsecku u onopbl nocmosnnozo ycunus LISEGA. Tabmuiia Beioopa (IpoaosnKeHue)

Harpy3ka (kH) Tun
[©) ©)]

0,23 0,24 0,25 0,26 0,27 0,28 0,29 0,30 031 0,37 0,42 11C3

0,46 0,48 0,50 0,52 0,54 0,56 0,58 0,60 0,63 0,73 0,83 11 D3 11 D2

0,92 0,96 1,00 1,04 1,08 1,13 1,17 121 1,25 1,45 1,66 1115 | 1114 | 1113 1112

1,83 1,92 2,00 2,08 2,16 2,25 2,33 2,42 2,50 2,91 3,33 1125 | 1124 | 1123 1122

3,67 3,83 4,00 4,17 4,33 4,50 4,67 4,83 5,00 5,83 6,66 1135 | 1134 | 1133 1132

7,33 7,66 8,00 8,33 8,66 9,00 9,33 9,66 10,00 11,66 13,33 1145 | 1144 | 1143 1142
14,67 15,33 16,00 16,67 17,33 18,00 18,67 19,33 20,00 23,33 26,66 1155 | 1154 | 1153 1152
29,33 30,66 32,00 33,33 34,66 36,00 37,33 38,66 40,00 46,66 53,33 1166 | 1165 | 1164 | 1163 1162
44,00 46,00 48,00 50,00 52,00 54,00 56,00 58,00 60,00 70,00 80,00 1176 | 1175 | 1174 | 1173 1172
58,66 61,33 64,00 66,66 69,33 72,00 74,66 77,33 80,00 93,33 106,66 1186 | 1185 | 1184 | 1183 1182
73,33 76,66 80,00 83,33 86,66 90,00 93,33 96,66 100,00 116,66 133,33 1196 | 1195 | 1194 | 1193 1192
117,30 122,66 128,00 133,30 138,66 144,00 149,30 154,66 160,00 186,66 213,33 1286 | 1285 | 1284 | 1283 12 82
146,70 153,30 160,00 166,70 173,30 180,00 186,70 193,30 200,00 233,33 266,66 1296 | 1295 | 1294 | 1293 1292
176,00 184,00 192,00 200,00 208,00 216,00 224,00 232,00 240,00 280,00 320,00 1386 | 1385 | 1384 | 1383 1382
220,00 230,00 240,00 250,00 260,00 270,00 280,00 290,00 300,00 350,00 400,00 1396 | 1395 | 1394 | 1393 1392
234,70 245,30 256,00 266,70 277,30 288,00 298,70 309,30 320,00 373,35 426,70 1486 | 1485 | 1484 | 1483 14 82
293,30 306,70 320,00 333,30 346,70 360,00 373,30 386,60 400,00 466,65 533,30 1496 | 1495 | 1494 | 1493 1492

115 110 105 100 95 90 85 80 75 50 25 (4)
230 220 210 200 190 180 170 160 150 100 50 (4)
345 330 315 300 285 270 255 240 225 (4)
460 440 420 400 380 360 340 320 300 (4)
575 550 525 500 475 450 425 400 375 4)

(1) — ms BBIOOpA OMOpP TOCTOSIHHOTO YCHJIMSI THUMA 16, MPUMEHSETCs TPYINa Harpy30K W JMAra3oH MepeMEelIeHHI Ui COOTBETCTBYIOIICH
noasecku Tuma 11.

(2)* — marpy3ku <0,25«xH wu 0,13xH — no 3akazy.

(3) — aTOT AMana30H MOXKET OBITH YCTAHOBIICH TOJIBKO HA 3aBOJIC

(4) — monnoe nepemerenue. I1o 3aka3zy MokeT ObITh 0OecrieueH auana3on nepemernerus 7 (900mm)
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Kpurepnu Bb160pa Npy:KMHHBIX 0IBECOK U onop LISEGA

JonmycTumoe u3MeHeHUe yCUIus

JlonmycTrMoe M3MEHEHUE yCWIINS MEXy Harpy3Koil B XOJIOZHOM COCTOSIHWM (YCTaHOBJICHHas Harpys3ka) U Harpy3Kkoi B
ropsdeM CcOCTOSHMM (YCTaHOBJIEHHAsh Harpy3ka) OrpaHHYEHbl OOLIMMHU MEXKAYHApOIHBIMH TEXHHYECKHMMH TpeOOBaHUSIMHU K
aHaJIM3Y HaNpPsDKEHMs TPYOOIIPOBOOB 3HaYeHNEM Makc. 25% oT pabodell Harpy3KH.

MaxkcumajibHOe padouee nepeMelieHHe
ITomumo 3TOTO, YTOOBI 3apaHee UCKITIOYUTH (QYHKIIMOHAIbHBIE HAPYIICHHS U3-3a HECTAOMIBHOCTH, BBI3BAHHOM CIIMIIIKOM
JUTMHHBIMH TIPY>KUHAMH, HE JOJDKHO IPEBBIIIATHCS 3HAUCHUE PAO0UEro MepeMEIIEeH s, COCTaBIISIOEr0 MakCUMyM 50 MM.

7KecTkoCTh NpPYXKUH

UYroObl 0XBATUTh MaKCUMaJIbHOE KOJIMYECTBO 00JIACTEH NPUMEHEHUs, B TO JKe BpeMsl, coOto/1asi 0003HaYCHHbIE HOPMBI,
npyxxuHHble 37eMeHThl LISEGA pa3nenenbl Ha 5 n1uana3oHOB NMEPEMENICHUS C Pa3IMYHBIMU 3HAYCHUSIMU KECTKOCTH IPYKHUH,
COOTBETCTBEHHO.

OueHb ATHHHBIE NPY/KUHBI
Juana3ons! 4 U 5 noapa3zyMeBalOT NPUMEHEHHUE CIUIIKOM JJIMHHBIX NPY>KUH U JOJKHBI HCIIOIB30BaThCs TOJNBKO MOCIEe

TCXHUYCCKOI'O aHaJInM3a BCCX yc.]'[OBHfI, 0COOEHHO B YYBCTBUTCJIIBHBIX pr6OHpOBO}_IHLIX CHUCTEMAX.

Tunel KOHCTPYKIMIA
Br160p moaxozsmiero THta KOHCTPYKINH 3aBUCHT OT COOTBETCTBYIOLIEH KOH(HUTYPALIH OIIOPHI MIIM YCIIOBHH MOHTaXa.

IJKOHOMHYHBIE Pa3Mephl y3J10B
Jliist HaxoXKAeHUsI HanboJiee SKOHOMUYHOTO pa3Mepa, IPUMEHSIETCS CIIEAYIoas METOIUKA:
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(1)
2

Be160p npysxunHbIX 21eMenToB LISEGA.
[pyxunsble noasecku, Tun 21, [Ipyxunnasie nogsecku, tun 25, [IpyxuHHble onopsl, Tul 29, HakinoHHBIe NpYXKHHHBIE ONOPHL, THI 20

Juanazon nepeMeneHust

O0o3HaYeHHEe THIIA

(1) 21C219 21D.19 211.18 21218 213.18 214.18 21518 216.18 217.18 218.18 219.18

25D.19 251.18 252.18 253.18 [ 254.18 255.18 256.18 257.18 258.18 259.18

(2) 29C219 29D.19 291.18 292.18 293.18 294.18 295.18 296.18 297.18 298.18 299.18

el [0 3. | 4 | L5 20D.19 201.18 202.18 203.18 204.18 205.18 206.18 207.18 208.18 209.18
PaGouee nep ne (MM) Harpyska (kH)

0 0 0 0 0 0,04 0,12 0,41 0,83 1,66 3,33 6,66 13,33 20,00 26,66 33,33
2,5 5 10 15 20 0,05 0,14 0,45 0,91 1,83 3,66 7,33 14,66 22,00 29,33 36,66
50 10 20 30 40 0,06 0,16 0,50 1,00 2,00 4,00 8,00 16,00 24,00 32,00 40,00
7,5 15 30 45 60 0,07 0,18 0,54 1,08 2,16 4,33 8,66 17,33 26,00 34,66 43,33
10,0 20 40 60 80 0,08 0,20 0,58 1,16 2,33 4,66 9,33 18,66 28,00 37,33 46,66
12,5 25 50 75 100 0,09 0,22 0,62 1,25 2,50 5,00 10,00 20,00 30,00 40,00 50,00
15,0 30 60 90 120 0,10 0,24 0,66 1,33 2,66 533 10,66 21,33 32,00 42,66 53,33
175 | 35 | 70 | 105 | 140 | 01l __ 026 __ 070 141 __ 283 _ 566 __ 1133 2266 3400 4533 5666
20,0 40 N 80 120 160 0,12 0,28 0,75 1,50 3,00 6,00 12,00 24,00 36,00 48,00 60,00
22,5 45 i 90 135 180 0,13 0,30 0,79 1,58 3,16 6,33 i 12,66 25,33 38,00 50,66 63,33
20 _50 ! 100 | 150 | 200 | o014 0% _ 03 166 __ 333 666 _l 133 266 4000 533 eees
27,5 55 110 165 220 0,16 0,34 0,87 1,75 3,50 7,00 1 14,00 28,00 42,00 56,00 70,00
300 ! 60 120 180 240 0,17 0,36 0,91 1,83 3,66 7,33 i 14,66 29,33 44,00 58,66 73,33
32,5 i 65 130 195 260 0,18 0,38 0,95 1,91 3,83 7,66 i 15,33 30,66 46,00 61,33 76,66
35,0 i 70 140 210 280 0,19 0,40 1,00 2,00 4,00 8,00 i 16,00 32,00 48,00 64,00 80,00
37,5 i 75 150 225 300 0,20 0,42 1,04 2,08 4,16 8,33 i 16,66 33,33 50,00 66,66 83,33
40,0 i 80 160 240 320 0,21 0,44 1,08 2,16 4,33 8,66 i 17,33 34,66 52,00 69,33 86,66
42,5 i 85 170 255 340 0,22 0,46 1,12 2,25 4,50 9,00 i 18,00 36,00 54,00 72,00 90,00
45,0 i 90 180 270 360 0,23 0,48 1,16 2,33 4,66 9,33 i 18,66 37,33 56,00 74,66 93,33
475 i 95 190 285 380 0,24 0,50 1,20 2,41 4,83 9,66 i 19,33 38,66 58,00 77,33 96,66
50, 1 4 125 i) 1,25 9 5, 10, H ) 40, ) | 100,

0,0 i 00 200 300 00 0,2 0,52 2 2,50 00 0,00 i 20,00 0,00 60,00 80,00 00,00

i Kecrkoerh npyxunbl ¢ (H/mm, kH/m)

i T 333 66,6 100,0 1333 166,6

[ 11,1 222 U 444 88,9 1333 177,8 222,2

i 21 4,1 8,3 16,6 333 1 666 13,33 200,0 266,6 3333

o2l 4L___ 83 166333 | 666 ! 183 266 4000 533 Go6s
8,3 16,6 333 66,6 1333 266,6 5333 800,0 1066,6 1333,3

Juamnazon nmepeMerieHus = 4-as mudpa 0003HAYESHUS TUTIA.

Hcnonp3oBanne oueHb JUIMHHBIX TNPYXUH PEKOMEHAYETCS TOJIBKO B OTPaHUYCHHOM YHCJIIE CIIy4a€B M3-3a OTHOCUTEIIBHO

00JIBIIOTO TUCTEPE3UCA TIPY)KUHBL.
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TIpunoxenue 4
Bri6op npyxunnbIX 21eMeHTOB LISEGA
IIpy>xunusie moxsecku, Tun 22. [Tocagodnble NPy KUHHBIE TOBECKH MEPEMEHHOTO yCHIIHS, THUII
26, Ipy>KUHHbIE ONOPBL, TUII 28

Jlnana3oH nepemMemeHui Oo6o3HaueHne THNIA
1) 221.19 222.19 223.19 224.19 225.19
261.19 262.19 263.19 264.19 265.19
N P S P e N 281.19 282.19 283.19 284.19 285.19
PaGouee nepemenienune (Mm) Harpy3ka (kH)

0 0 0 53,33 66,66 80,00 100,00 133,33
2,5 5 10 58,66 73,33 88,00 110,00 146,66
5,0 10 20 64,00 80,00 96,00 120,00 160,00
7,5 15 30 69,33 86,66 104,00 130,00 173,33
10,0 20 40 74,66 93,33 112,00 140,00 186,66
12,5 25 50 80,00 100,00 120,00 150,00 200,00
15,0 30 60 85,33 106,66 128,00 160,00 213,33
17,5 35 70 90,66 113,33 136,00 170,00 226,66
20,0 40 80 96,00 120,00 144,00 180,00 240,00
22,5 45 90 101,33 126,66 152,00 190,00 253,33
25,0 50 100 106,66 133,33 160,00 200,00 266,66
27,5 55 110 112,00 140,00 168,00 210,00 280,00
30,0 60 120 117,33 146,66 176,00 220,00 293,33
32,5 65 130 122,66 153,33 184,00 230,00 306,66
35,0 70 140 128,00 160,00 192,00 240,00 320,00
37,5 75 150 133,33 166,66 200,00 250,00 333,33
40,0 80 160 138,66 173,33 208,00 260,00 346,66
42,5 85 170 144,00 180,00 216,00 270,00 360,00
45,0 90 180 149,33 186,66 224,00 280,00 373,33
47,5 95 190 154,66 193,33 232,00 290,00 386,66
50,0 100 200 160,00 200,00 240,00 300,00 400,00

KectkocTb npy:xunbl ¢ (H/mm, kH/m)
533,3 666,6 800 1000 1333,3
1066,6  1333,3 1600 2000 2666,6
2133,3  2666,6 3200 4000 5333,3

(1) — nmanason nepemerenus = 4-as nudpa 0603HaAYCHHS THIIA.

Mocksa, 2016



“CemelicTBo” mporpaMmHbIX koMiuiekcoB ACTPA-HOBA’2023

Br10op Hanbos1ee moaxoasimero Tumna 25
1. Bri0op uaeaabHOI MPYKUHHOM MOIBECKH

IIpumep:

Pabouast Harpy3ka F=6000H

Honyctumoe otkinonenne P<25%

[epemernenue (BBEpX) s=15mm

Ommnoka! O0beKT He MOKeT ObITH CO3JaH U3 KOJIO0B NoJeii
pelaKTHPOBaHMSA.

Bri6pan tun 254218

JKecTKOCTh IPYKUHBI c=66,6H/Mm

XoinoHas Harpy3Ka F=7000H

2. OnpenesneHne 3HaYeHUsI H3MeHEHHs] YCHJIMI B TPOLIEHTAX
IIpumep:

Pa6ouyas narpyszka 6000H

[epemerienue 15mMM (BBepx)

Bbut BeIOpaH T MpYy>KUHHOU 1o/iBecKH 25 42 18

C ’KeCTKOCTBIO MPYXHUHBI C=66,6H/MM

Ommnoka! O0beKT He MOKeT ObITH CO3JaH U3 KOJIOB NoJeii
pelaKkTHPOBaHMSA.
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I1 4.6 CBonnasi Taéauna noJb3oBarelisi (AJII)
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IIpunoxenue 4

XapaKTepHCTHEH MPYEHE CraTHueckoe BosgefcTEHE Tlepenemense Mo OCHMM 3aTaEEa JrHaMp@eckoe BO3IeHCTEHE
¥e omopet Ne '»:;cama' ce::imz Kf;-l';;f Ne mo OCT ) i Harpyara ma omopy.eH . Bricora mpyamm, Bragmaoe Toamoe ;2110_;: Cefteamra D x 8, a
I Crpysr. mem Z Pmax.sH| Hes, 300 | 7, 2o Ppad Prox Pac A% o X1 e <3 <3 mu [Hamp sH| Tlepememesme mo ocmn:
pad. cocTxoa. cocr. Barcr e =1 = =
Hpad Hxoa = = | = | -
CAZC 3 oom CIInP, CAQP, omveemele Tp-aom
106 (7T1-TH) 21 2 MEH 049-63 2373 | 263+407 | TO+140 | 2200 1240 437 | 236+432) 250+460| 8522 4185 4230 | 4633 17+34 | -11.10 | 11112 | 129334 | 4911 [323x16
3=1%19+ 1%09
107 (72-73) 11 2 MEH 04963 1332 203 70 1520 21.00 382 168 135 2548 5122 1326 4758 82 1304 | -121.09 | 96117 | 2979 |323x16
1=1*¥17+ 0*07
110 (78-79) 1 2 MEH 04963 1332 | 203+373| T0+140 16.10 2281 417 166+299] 151+269| 7698 -1833 4508 6144 | 57+115 468 6598 | 92493 3207 |325=x16
3=1%17+ 1%07
133 (93-24%) 2 2 MEH 04963 759 124 70 617 560 92 157 159 3767 1246 249 162 25 1393 2671 | 44020 6104 | 219x12
1=1*15+ 0*03
11 2 MEH 049-63 799 | 184+345 | T0+140 398 736 231 158+203] 152+281| 3589 1134 1812 1899 33+63 465 4768 | 10344 6107 | 219 x12
3=1%15+1%03
136 (T6-TT) 3 1 MEH 049-63 11.33 403 140 521 7.13 369 341 317 35.10 -35.82 21378 4481 109 461 9225 | -B70.78 | 53695 | 139x90
2=0%16+ 1%06
10 1 MEH 04963 286 730 701 39 17.79 3782 702 -13.88 6.11 12575 | -254.00 | 14948 | 1599
1=1%13+ 0%03
137 (77-234) 16 2 MEH 04963 799 124 70 545 503 78 160 162 3.83 278 185 243 21 1.79 0.56 2055 7.86 139 x9
1=1*%15+ 0*03
138 (77-237) 10 1 MEH 04963 504 304 140 355 306 139 205 309 155 2479 -1372 | 2144 77 248 4449 28070 6891 139 x9
2=0%14+1%04
130 (B2-E%) 5 2 MEH 04963 095 | 126+2%2 | T0+2%14| 1.13 150 308 | B4+2#%135[ T1+2*13| 0929 10.87 6527 6702 | 56+2*11| 021 5881 872.01 3923 | TEx4s
F=1*11+2%01 42 0 7 1 2
17 1 MEH 04963 2.86 311 140 1.73 2.78 60.8 237 2072 1392 3149 67.13 152 -1.19 4706 | 79480 3826 | T6x43
2=0%13+ 1*03
140 (86-94) 9 1 MEH 04963 095 126 70 0.63 0.89 416 20 5875 11.81 1932 ER 85 -192 61.88 | 54421 14118 | 76 x 43
1=1%11+0*01
13 2 MEH 04963 193 158 70 1.10 1.50 36.1 138 131 219 11.83 721 2623 46 -130 18625 | 46105 13242 | T6x45
1=1*%12+ 0*02
150 (100-101) 4 2 MEH 04963 1532 | 203+373| T0+140 1379 1216 404 167+301) 1524272 | -T146 | -1447 43 68 4628 | 32+103 200 28508 | BBO3E 5485 |325x16
3=1%17+ 1%07
10 2 MEH 04983 20.10 2¥413 2¥140 2567 3262 271 2%¥324 | 2*199 -44.44 EVE] 4842 3118 2*113 EN | 42112 | -32738 | 2387 |325x16
4=0*%18+2*%08
151 (101-23T) 2 2 MEH 04963 1133 216 70 12.10 2125 174 160 2641 12.08 973 1132 67 546 2086 | -119.01 1687 |219x12
1=1*16+ 0*06
152 (101-102) 7 2 MEH 04963 759 345 140 11.10 1412 272 248 1 018 2203 2648 2639 124 129 2791 46.14 1132 32516
2=0%15+1*03
Iproeuanme: A= 100(Ppatd - Pxox) / Ppad
TMprveuamme: Harpyssx Prada - Ha oguy Tary (mems), Ppad/Pxox/Pucn - Ha mpvaEHHEY
MMpmveuasne: mycTad fueiika "DxS" osHawaer, uTo omopa moAMHpaeT He TPYOV/ 0TEOJ TIEpeXo] HIH PacmoIoEeHa B VI8
Hampysxa Ooasme TabarusH0R
A mpeEsimaeT zagaHHOE HIMEHEHHE HATPYIEH IPH Nepexode HS padouero COCTOAHMA B XOJO0JHOE
Hegonyermuaa satasxa: Hee - Hxox > 094
Mocksa, 2023 201



“CewmelicTBo” mporpaMmHbIX koMiiekcoB ACTPA-HOBA’2023

ITosicHeHUs1 K CBOJAHOI TA0JIHIIE M0JIb30BATEJIs
Hazpy3ku u nepemeujenus ¢ npyicuHHbIX H008ECKAX U OROPAX

rpa

(1)

Ha3sg-e
rpagnl

0603
HAYeH
ne

KommenTapuii, popmyJibl

Ne onopsl

Mapkep cedeHHs, TI¢ YCTaHOBJCHA NPYXHHHAS OMOpa
(moaBecka)

Ne
ydacTka/
y3Jiia

Homep yuacTka mist OmOpbI, PacIojOXEHHOH HAa ydacTKe,
WITA HOMEp y371a AT y3JI0BOH ONOPEI

Ne
CeYeHUs

HOMep CEUYCHUS I OIIOPHI, pacnonomeHHoﬁ Ha y4aCTKe

Koua-Bo
neneu

Uucno nenei NpyXKHUHHON OHOPBI/TIOIBECKH

XapaKTepuCTHKA HPYKHHBI

Ne 1o [29-
33],
CTpyKT.
Henu

CTpyKTypa IIeTU ¢ yKa3aHueM HOPMATHBHOTO JJOKYMCHTA!
Z= Nl'anl + NZ.an21

rae Ni, N, — 9ucimo mpyXMH ¢ MakCHMajbHO IOMYCTHMOM
ocankoit A=70MM (A7g), N1=0 wim 1, u A=140mm (A140) No=0,
1,2, 3,4, 5 COOTBETCTBEHHO;

Nipi; Npp2 — HOMEp HCTIONHEHUS OPYKUHBL UL A7 M Aigo
COOTBETCTBEHHO;

Crpykrypa nemm npyxun LISEGA (B ToM uncie mpyxuH
TOCTOSTHHOT'O yCuIus LISEGA) BBIOUpaeTcs
HETIOCPEACTBEHHO M3 copraMeHTta. [IpyxwHa, uMeromas
CTaTyC MPYXXHUHBI MMOJB30BATENS] WIH HPYKUHBI TOCTOSHHOTO
yCHIIUsI, BMECTO YKa3aHHSl COPTAMEHTa IOMedaeTcs Kak
Ilpyscuna nonvzosamensn wnu Ilpyscuna nocmoannozo
yeunus.

He 3anoansiemcss Ui TPYXUH TIONB30BATENST U IIOIBECOK
MOCTOSIHHOTO YCHJIMSI U B CJIydae, eCIIH JKECTKOCTD NPy KUHBI
W3 COpPTaMEHTa HE COOTBETCTBYET TaOJIMYHOW (CTPYyKTypa
LIETTN He OIpe/IeNIeHa)

PmaxY

kH

MakcumanbHast —TabnanM4yHas — Harpy3ska Ha  3aJaHHYIO
(BBIOpaHHYI0) LIETTH OTOPHI.

He 3anoansemcs mns TPY)XHH IONB30BAaTeNsT M IOABECOK
MOCTOSIHHOTO YCHITHSL M B CITydae, eClii XKECTKOCTD TIPYKHUHBI
U3 COpTaMEHTa HE COOTBETCTBYET TaOIMYHOW (CTPYKTypa
LIeIIH HE oIpejiesieHa)

He,
MM

BricoTa npy>KHHBI B CBOOOHOM COCTOSTHHU B COOTBETCTBHHU C
HOPMATUBHBIM JOKYMEHTOM:

He, = Nl'Hmcs + NZ'HIAOCB

rae Ni, N, — gucno mpyXuH ¢ MakCUMajbHO IOITyCTUMOM
ocazakoit 70mm (N1=0 mmm 1) u 140mm (N,=0, 1, 2, 3, 4, 5)
COOTBETCTBEHHO;

H70CB, H140CB — BBICOTA TNPYXHHBI B CBOOOJHOM COCTOSHHH
JUISE A79 ¥ A149 COOTBETCTBEHHO;
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Ipunoxenue 4

Ne
rpa

()8

Ha3sg-e
rpagsi

0603
HAaYeH
ne

KommenTapuii, popmyist

He 3anonnsiemcs Uil OPYXKUAH TIONB30BATENsT U IIOJBECOK
MMOCTOSIHHOTO yCHIIUS, TIPYXHH Lisega, IPyKHH MOCTOSHHOTO
yewnus Lisega, eciti skECTKOCTh MPYKUHBI U3 COPTAMEHTA HE
COOTBETCTBYET TaOIMYHON (CTPYKTYpa IIeNH He ONpeesieHa),
eciau paboyasi WIM XOJO/AHAs Harpy3ka Ha TATY NPEBBIIIACT
TabIMYHYIO

A, MM

MakcumanbeHast 0caaKa Py KHUHEL:

A =N; 70 + N, 140,

rae Nj, N, — 4mcio mpyXuH ¢ MakCHMalbHO JOITYyCTHMOIT
ocagkor 70 1 140 MM COOTBETCTBEHHO;

70 m 140 — MakcUMaNbHO JOMyCTHMAas ocajxka (MM) OTHON
HPYKHHBI IEPBOTO U BTOPOTO HCIOIHEHHS COOTBETCTBEHHO;
He sanonnaemca 10s NMPYXKUH TOJIB30BATENs M IOABECOK
TIOCTOSIHHOTO YCHJIHS, NPY>KUH MOCTOSHHOTO ycunus Lisega,
eciy >KECTKOCTb NMPY>KUHBI U3 COPTAMEHTAa HE COOTBETCTBYET
TaOIMYHOM (CTPYKTypa LEH HE ONpeelieHa), eclii pabodast
WY XOJIOJHAS] Harpy3Ka Ha TATY NPEeBHIIIaeT TaOINIHYIO

CraTuyeckoe Bo3eiicTBHE

Harpy3ska
Ha o1opy,
xkH

PpaG

Craruueckas Harpy3Kka Ha oropy B paboueM COCTOSHHU:

1. 3amanHas BenmmumHa “Pabouas Harpyska” IUIS pacdeToB C
3a/IaHHBIMH )KECTKOCTSIMH TIPYKHH.

2. Ompenensiercs Ha dTane | w3 yciaoBus “‘abCoOMIOTHON”
JKECTKOCTH OIOpHl B BEPTUKAIBHO HANpPABICHHU IS
pacyeToB ¢ ompejeseHHeM pabourx Harpy3oK H jKeCTKOCTei
TIPY>KHH, U JUISL pacu€TOB TOJIBKO pabOvYMX HArpy30K IPYIKUH.
Ecnu P,s npeBbimaeT Py (rpada 6), Gpon moakpammpaetcs
u, JOIIOJIHUTEIIBHO, B NpUMCYaHUU BBIBOOUTCA
JIMarHOCTHYECKOE COO0LIeHHE

10

Harpy3ska
Ha o11opy,
kH

PXOH

CraTnueckas Harpyska Ha OIOpY B XOJIOAHOM COCTOSIHHU:
Pxon = Ppa6 + (U3 - Un) CK N

U; — TemmeparypHOe TepeMelieHre Mo riodanbHoil ocu Z
(atam 3);

U, — 3aaHHOE BEPTHKAIBHOE MEepeMenieHre TOUKH I0J[Beca
MDY KHHBI;

Cy — )KECTKOCTb LIeNH (3a1aHHasl WJIU BEIOpaHHAA);

N — gmcio memneii.

Ecmu P,,, npeBbimaer Pna (Tpada 6) ¢poH moakpammBaeTcs
W,  JOHOJIHUTEIBHO, B TPUMEYaHUH  BBIBOAUTCS
JIMAarHOCTHYECKOE COO0IIeHNe

11

Harpyska
Ha oropy,
xkH

Pl/lCll

Craruueckasi Harpy3ka Ha OIOpY B PEXUME MCHBITAaHUN VIS
PAacCIyIEHHBIX MPYKHH!

Pncu = Pgucu - USM CK N

rie:

Psucn = PpaG + (U3 -Uy CcN- (Tp - Tu)/(Tp - Tx)

Ppas — pabouas Harpyska Ha onopy

U; — TemmepaTypHOe IepeMeneHne no rinobaabHol ocu Z

Mocksa, 2023
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Ne
rpa

()3

Ha3zg-e
rpagsi

0603
HAaYeH
ne

KommenTapuii, popmyint

(otam 3);

U, — 3alaHHOE BEpPTHKAJILHOE NepeMenieHre TOUKH MojBeca
[Py KUHBI;

C, — eCTKOCTb IIeTH (3aJaHHasl I BHIOpaHHAas);

N — uucio nemneii.

T, — Temneparypa B pabo4eM COCTOSHUY;

Ty — TemmepaTypa B Hepabo4eM COCTOSIHUY;

T, — TeMmeparypa npH HCIbITAHHSX.

Jlnst 3aKkIMHEHHBIX MPY)XHH Harpyska ONpeaessieTcss 3
YCIIOBHS PaBEHCTBA HYJIO BEPTHKAIBHBIX IIEpPEMEIICHHI B
TOYKE KpEeIUIeHHUsI TPyOOoIpoBoa.

Ecmu Py, npeBblmact Ppay (fpada 6), GoH moakpammBaeTcs
W,  JOIOJIHHUTEJIBHO, B NpPUMEYaHWH  BBIBOJIUTCS
JIMaTHOCTUYECKOE COOOIIEHHUE

12

A, %,

VI3MeHeHHe Harpy3kd Ha NPYXHHY @pH Iepexoae H3
paboyero B X0JIOHOE COCTOSHHE:

A =100 (PpaG - Pxon)lppa&

rae Pys, Pyn — craTmyeckas Harpyska Ha oOmopy B
pabouem/xonogHoMm coctosHuu (rpadger 9, 10). Ecom A
HPEBBILIACT 33JJaHHOE N3MEHEHUE HArpy3KH MpH Mepexoie U3
pabodero CoCTOSHHS B XOJIOJHOE, (DOH MOJKpAIIHBACTCS H,
JIOTIOJIHUTENBHO, B NpUMEYaHHH BBIBOJIUTCS
nHpOpMaoHHOe coobmieHue. He 3amonmsiercst B ciydae,
eciu paboyasi WK XO0JI0/IHasl Harpy3Ka paBHbI HYJIIO

13

Bricota
TPy KUHBI
B
pabGouem
COCTOSIHH
1, MM

Hpa6

BeicoTa pyKHHBI B pab0ueM COCTOSHHH:
— 70 140

Hpaé - Nl( H cB Apl) + NZ(H cB Ap2)1
rjae

70
H™; — BbICOTA MpPYXXHHBI B CBOOOJAHOM COCTOSIHHHM UIS A7g
(rpacpa 7);
Ay — ocazka (mepeMelleHHe) OJHOH Hpy>KHHBI B pabouem
COCTOSIHHH IS A7g.
Apl = PpaﬁlA
31ech Pps — cTaTudeckas Harpyska Ha omopy B pabodem
cocrostanu (rpada 9);
A — ycl10BHas )KECTKOCTb.
A=NC,Z
N — gucro ueneit (tsr) (rpada 4);
Cy — )KE€CTKOCTb LICTIH;
Z — HOMep CTPYKTYpHI 1end (rpada S5);
H™" .z — BBICOTa TIPY>KHHBI B CBOOOJHOM COCTOSIHHHU IUTSA A149
(rpada 7);
Apy — ocaznka (nepeMelleHHE) OJHOM NpYXKHHBI B pabouem
COCTOSIHUHM JIJIST Aq40-
Ap2 =2 Apl
Ecmu ocanka Ap, uma Ay NPYXHHBI TPEBBIIACT B
COOTBETCTBHU C HCIIOJIHCHHEM TPY)KHHBI (0,9%7065) WIIN
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Ne
rpa

Pu1

Ha3sg-e
rpagsi

0603
HAaYeH
ne

KommenTapuii, popmyist

(0,9%14005), (OH TomKpamMBaeTCs M, MOIOJHHUTEIBHO, B
MIPUMEYaHUH BEIBOJIUTCS JUArHOCTUYECKOE COOOIICHHE.

He 3anonmsemcsa Ui TpYXWH TIONB30BAaTeNsl M IIOJBECOK
HOCTOSIHHOTO yCHIIHSI, IPYXKUH Lisega, mpy»HH HOCTOSHHOTO
yennust Lisega, eciu ECTKOCTh NPYXKUHBI U3 COPTaMEHTa He
COOTBETCTBYET TaONUYHON (CTPYKTYypa LIENH HE OIpeesieHa),
ecnu paboyast MIIM XOJIOJHAs Harpy3ka Ha TATY NPEBbILIACT
TaOJIMYHY IO

14

BricoTa
MPYKHUHbI
B
XOJOTHOM
COCTOSIHH
H, MM

H XO0JI

BricoTa py>KUHBI B XOJIOJJTHOM COCTOSIHHUH:

onn = Nl'(Hmcn - Ax]) + NZ'(HMOCB - sz),

e

H™,, — BBICOTA IPYXUHBI B CBOGOJHOM COCTOSHHH IS A7g
(rpada 7);

Ay — 3aTsDKKa (IepeMelieHue) OMHON MPYKUHBI B XOJIOAHOM
COCTOSIHHH IS A7q.

Axl = qun/ A

3nech Py, — crarmdeckas Harpys3ka Ha OMOPY B XOJOJHOM
cocrostHuH (rpada 10);

A — yc0oBHas XKECTKOCTb.

A=NC.Z

N — gwucio neneii (tar) (rpada 4);

Cy — )KeCTKOCTb IIEIIH;

Z — HOMEp CTPYKTYpHI 1lenH (rpada 5);

HMOCB — BBICOTA MPY>KUHBI B CBOOOJHOM COCTOSTHUH JJISL Ag40
(rpada 5);

Ay, — 3aTsKKa (TIepeMEeIeHUE) OHOW MPYKHUHBI B XOJIOTHOM
COCTOSTHUHM JUTS Aq40.

AXZ =2 Axl

Ecnu 3arskka l'lpy)KI/IHbl NpEBLINIACT B COOTBETCTBUU C
WCTIONIHEHHEM TIPY>KUHBI (0,9'X7OCB) WIN (0,9'7»140“), ¢on
MOJKpAlINBaeTCd M, JOIOJHUTEIbHO, B TPUMEYaHUHU
BBIBOJMTCS TUATHOCTUIECKOE COOOIIEHHE.

He 3anonusiemcs UIA TIPY’)KWH TOJB30BATEIsl M TOABECOK
MMOCTOSIHHOTO yCHIIUS, TIPYXKH Lisega, MPyKHUH MOCTOSHHOTO
yeunus Lisega, ecii sxECTKOCTh MPY)KUHBI U3 COPTAMEHTA HE
COOTBETCTBYET TaONUYHON (CTPYKTypa LIENH HE OIpeesieHa),
ecny pabodas WM XOJIOJHAs Harpy3Ka Ha TATY NPEBbILIAET
TaOIMYHY IO

15

16

17

[lepemen
€HHUS 110
ocu
BHIUMBIE
, MM

X1

Iepememenne no rnobamsaoir ocu X1(X) B ceuenun
YCTaHOBKH NPY>KHHBI OT OEHCTBUS TEMIIEpaTypHl (31an 3), MM

X2

Iepememenne no raobanpHoit ocu X2 (Y) B cedyeHHu
YCTaHOBKH IPYKUHBI OT ICHCTBHS TeMIepaTypsl (3tar 3), MM

X3

Iepememenne mo rnobanbHO ocu X3 (Z) B ceveHuu
YCTaHOBKHU NPYXKHHBI OT IEHCTBUS TeMIEpaTypsl (3Taml 3), MM

18

[lepemen
€HHE I10

X3

Iepememenne no rnobanpHoil ocu X3 (Z) B cedeHuu
YCTAaHOBKH NPYXHHBI OT JCHCTBHS BCEX HAarpy’Karolux
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Ne 0603
Hass-e "
rpa Ha4YeH KommenTapuii, popmyint
()3 rpagsi He
ocH (daxTopoB (3Tam 2), MM
MOJIHOE,
MM
3aTspKKa IPY)KUHBI B MOHTQKHOM COCTOSTHHU:
7LycT:Nl')‘myCT + NZ’}\'MO yer
rae Ni, N, — 4ucno mpyXuH ¢ MakCHMajbHO JIOITyCTHUMOM
ocankoit 70 u 140 MM COOTBETCTBEHHO.
Ipu N;=1
)\'70yCT = Ap] + U70 3momHoe!
rne U703n0m-mc = (U3n0m-loc - U")/Z,
nipu N1:0 U703nonﬂoc =0.
Ipu N,>0
3atsKka )VIAOyCT = Ap2 + (U3nonﬂoe - U703nonHoe - Un)/NZ
TIPY>KHHBI Usnomoe — MEPEMEILICHUE B CEUEHUH YCTAHOBKM JEHCTBHS IO
B ocu X3 or Bcex Harpyxamomux ¢akropoB (dtam 2),
19 MOHTaKH Ayer ykazaHHoe B Tpade 18;
oM Z — HOMep CTPYKTYpHI 1en (rpada 5);
COCTOSIHU Ay, Ay — ocamka (TepeMelleHHe) OIHOH NpPYyXKHHBI B
H, MM paboueM COCTOSHHUHU JIJISI A7g U Aq49 COOTBETCTBEHHO;
U, — 3alaHHOE BEpPTHKAJILHOE MepeMelleHHe TOUKH MojBeca
NPY>KHHBI,
He 3anonusemcsa 1yis TpPYXWH TONB30BAaTeNs U IIOJBECOK
TIOCTOSIHHOTO YCHIIUSI, TIPYKHH Lisega, Mpy>KHH NOCTOSHHOTO
yeumus Lisega, ecitit 5k€CTKOCTD MPY>KUHBI U3 COPTAMEHTA HE
COOTBETCTBYET TaOIMYHOM (CTPYKTypa IEMH He ONpEeeNeHa),
ecny pabodvasi WIM XOJIOAHAs Harpy3ka Ha TATY INPEBBIIIAET
TaOJIUYHYIO.
Cwm. nmpumeyanue | k Tabuuie
JlnHaMuYecKoe BO3/IelicTBHE, CeiicMHKA
20 Harpyska, Lp CeiicMuueckast Harpy3Ka Ha ornopy no ocu X3(Z)
kH
21 IMepemerny | + X1 | CeiicMuueckoe nepementenue mo ocu X1(X)
22 €HHE T10 + X2 | Ceiicmuyeckoe nepemenierune o ocu X2(Y)
23 OCH, MM + X3 | Ceiicmuueckoe nepemenienue 1mo ocu X3(Z)
24 D xS, | Hapyxusiii muametp (D) m tommuHa creHKH TpyOBI (S) B
MM CCUCHUH YCTAaHOBKH NPYKUHHOH OTOPHI (COPTaMeHT TPyOBbl)
IIpumeuanue:

1. Ecmt Ay < O mtHt Ay, > A (rpacha 8), MOXKET IOTPeGOBAThCS 3aTsHKKA TPy KHHBI B 1BA JTAIa,
YTO HeXenaTe’abHO. YTOOBI BBIIOIHSIACH OJJHOITAITHAS MOHTAXHAS 3aTSXKKA IPYKHUH,
TI0JIb30BATEIb MOXKET:

— 3aMEHUTD MPYKUHY, HAIIPUMED, C A7g Ha Ay40;

— YBEJIMYUTD YHCIIO TAT, €CIIN YCIOBHUS KOMIIOHOBKH MO3BOJISIOT;

— IPUMEHHTb IPYKHHY ¢ GOJIbLICH IPy30M0ABEMHOCTBIO.

Eciu 110 ycinoBUsiM KOMIIOHOBKH 3TO HEBO3MOXKHO, TO:

— B CIy4ae MOJIOKHUTENBHOIO IOJIHOTO BEPTUKANBHOIO Nepemenienue X3 (rpada 18) u Ay > A,
HPUHUMAETCS Ay = A M HA BTOPOM 3Tare 3aTsDKKH JUIMHY TATY YMEHBIIAIOT;
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— ecld MOJHOE BepTHKaTbHOEe mnepememenue X3 (rpada 18) orpumarenbHo M Ay, < 0,
HPUHUAMAETCS Aye; = 0 M HA BTOPOM 3Talle JUIMHY TATH HOABECKH YBEINUYUBAIOT.
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KommenTapuii k Tadnnne A.3

Paccmotpum  pesynbTarthl  pacuera Ne2  (3agaHHBICE  XapaKTCPUCTHKU
NPY>KAHHBIX [TOJIBECOK), MPEICTABICHHBIC B TAOJIHIIE TOJIh30BATEIIS.

1. ns npykuHBI B cedyeHnH 5 (Mapkep mnS) Ha ydactke 82 — 85 (Hapy KHbIH
JuaMeTp TpyObl 76MM, TOIIMHBI CTEHKH TPYOBI 4,5MM).

[pyxwuna copramenta MBH 049-63 umeet 2 nenwu (Tsaru). B cooTBeTcTBHY C©
3aJaHHBIMH XapaKTePHCTHKaMU BbIOpaHa CTpyKTypa nemu Z=5, TO ecTh, OJHA
MpyXWHA HCToHeHnsa 11 ¢ MakcHMambHO AOMYyCTHMOM ocankoit A=70mMM (A7) 1 aBE
MPYXXHWHBI WUCIIOJHEHUS 1, ¢ MaKCHMAIBHO JOMycTHMON ocamkoit A=140mMm (A140).
MaxcumanbsHast TabMUIHAs Harpy3ka Ha npyxury (omopy) 0,95xH. Bricota npyxuH B
CBOOOTHOM COCTOSIHHU 126MM IS Azp U TIO0 242MM AJIsl KaXIOW MPY>KUHBI BTOPOTO
ucronHeHust (Ayg0). MakcHUManpHO JIONMYCTHMas OCaJika TMPY)XUHBI TEPBOIO
ucrnonHeHuss 70mM u mo 140mMM — I OpyXKUH BTOpPOTO HCHONHEHUsS. PacuerHas
cTaThdeckas Harpyska Ha omopy B pabouem coctosHuu 1,15 xH, B XxomomHOM
cocroaHuu — 1,51kH, npu ucneiranuu 1,55xH. V3MeHeHune Harpy3ku Ha IpyKUHY
Ipu Tiepexoje W3 paboyero B XoOJOAHOE cocTosiHMe cocTaBisier 31%. Bwicorta
MIPY’KUHBI B paboueM cocTOSHUM 84MM Juid Az M 1o 157MM Juis Age. BricoTa
MPYXKUHBI B XOJIOMHOM COCTOSHHA 71MM mist Azp u mo 131MM mms Agq0. Buammoe
MepeMEeIeHUsT OT JICHCTBHUS TEMIIEpaTypbl 1Mo rinobaneHbBIM ocsiM X, Y, Z B MM
cooTrBercTBeHHO (98,9; 8,1; 65,6). Ilepememenne mpyKUHBI MO OcH Z OT BCEX
Harpyxarmomux ¢akTopoB (momHoe nepememnierne) 67,lMM. 3aTspKka TPYKUHBI B
MOHTAKHOM COCTOSIHUH (Aycr) COCTAaBIIAET S6MM JUISl NPYKMHBI HCTIONHEHHs 11 n mo
112mMm — s mpyxkuH ucnonHeHus |. Pacder Ha ceifcMudeckue Harpy3Ku He
TIPOBOIHIICS.

2. Ins npyxunel nnl0 B ceuennu 10 Ha yyactke 76 — 77 Ppye 1 Pyo, (Mx don
BBIJICJICH B TaOIUIIC KPACHbIM W8emoMm) TPEBBIIAIOT N P, TIe N — KOJIUYECTBO
neneii (rpada 4).

3. s npyuH B cedeHusx 17 nHa ydactke 82 — 85 m 2 ywactka 101 — 257
HeloNmycTHUMasi 3aTsDkka (ocajgka) TpY)XWHBI BbiZeneHa B rpade H,,, (umdpsr
BBIZICIICHBI B TaOIIHIC KPACHbIM UGEMOM).

4. lns ipyxuH B cedeHns X § Ha ydacTke 93 — 249 u 10 ywactka 100 — 101
nog0Op He BBIIOJHSICA [0 MPUYMHE 3aJaHusl TI0JIb30BATENEM IKECTKOCTEH,
OTIMYAIONINXCS OT UMeroIuXcs Ui copramenTa MBH 049-63 (bon B rpadax Py, n
Pyox BBIIETICH HCeAMbIM UBEHIOM).
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Hazpy3ku u nepemewjenus 6 n00eCKaAx co CREYNPYHCUHAMU

Homep
rpagbl

HazBanue
rpagbl

Oo603Ha
YyeHue

KommenTapuii, popmy.ibl

Homep onopsi

Mapkep cedeHus, TAC YCTaHOBJCHA MpPYKUHHAS
onopa (IoJBecKa)

Ne
yJacTka/ysJja

Homep ywacTka nns onopsl, pacnoiOXKeHHON Ha
y4acTKe, MM HOMEp y3/1a JUIsl y3JI0BOH OIOpHI

Ne ceuennst

HOMep CCUYCHHUA U1 ONOPBHI, pacnonomeHHoﬁ Ha
Y4acTKe

Kou-Bo neneii

UYncno neneit npyXKUHHOH ONOPBI/TIOABECKH

Xapakre

PUCTHKA NPYKHHBI

Homep
MIPY>KUHBI

clmo
\V4

Howmep npyxwunsl no uepresxam BHUITUOT

He 3anonnsemcsa, ecnn ECTKOCTb NPYXKUHBI U3
COpTaMeHTa HE COOTBETCTBYET  TaONHMYHOMN
(CTpyKTypa IIeTin He OpeesIcHa)

Crpyxkrypa
emnu

CrpykTypa nenu:

Z= Nl

rae N; — uncio npyxuH.

Ecim  juia BbIOpaHHOrO  IOJIB30BAaTeNEM
COpTaMEHTa yKa3aHHas UM YKECTKOCTb HPY>KHHbBI
HE COOTBETCTBYeT TaONuuHOH, (OH sA4eHKu
HOJAKpAallUBAaeTCsl W,  AOMOJNHMUTENBHO, B
NpUMEYaHUH  BBIBOAUTCS  JMarHOCTUYECKOE
cooO1eHne

He 3anonnsemcs, ecny €CTKOCTh NPYKUHBI U3
copTaMeHTa HE COOTBETCTBYEeT  TaOIMYHOM
(cTpyKTypa IlenH He onpe/ieneHa)

PTa6npaﬁv
xH

MaxkcumanbHas TabnuYHas Harpyska B pabodeM
COCTOSHMHM Ha 3aJlaHHyI0 (BBIOpaHHYIO) IIelb
OITIOPBI.

He 3anonnsemcsa, ecnn )ECTKOCTb NPYXKUHBI 3
COpTaMeHTa HE COOTBETCTBYeT  TaONMYHOMN
(cTpyKTypa LIenH He OnpeselieHa)

PTaﬁnxon ’

xkH

MakcumainbHas TabnuuHas Harpyska B
Hepabouem COCTOSIHUM Ha 33/IaHHYIO
(BBIOpaHHYIO) LIENb OTIOPHL.

He 3anonnsemcs, ecny xECTKOCTb HPYXKUHBI U3
copTaMeHTa HE COOTBETCTBYET  TaOIMYHOMN
(cTpyKTypa LIeIH He OnpesielieHa)

H,, Mmm

BricoTa oHO#M MpyXHHBI B CTPYKType 1enu Z B
CBOOOJTHOM COCTOSIHUH.

He sanonnsiemcs, ecnu )ECTKOCTh TPYKUHBI U3
copramMeHTa HE COOTBETCTBYeT  TaOIHYHON
(CTpyKTypa LenH HE ONpeelieHa), eciiu padboyas
WIA XOJOJHAs Harpy3ka Ha TATY MPEBBIIIACT
TaOJHUYHYIO

10

)\’MHKC a0

MakcumanbHas ocallKa IPYy>XUHBI.
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Homep
rpagnl

Ha3zBanmue
rpagsi

0O6o3Ha
yeHue

KommenTapuii, popmy.ibl

MM

He sanonnsiemcs, ecnu )ECTKOCTh TPYKUHBI U3
copTamMeHTa HE COOTBETCTBYeT  TaOIMYHON
(cTpykTypa LlenH He OmpejieNieHa), eclid pabodast
WIA XOJOJHAs Harpy3ka Ha TATY MPEBBIIIACT
TaOJHYHY IO

11

A‘MaKCXOJ‘II
MM

MakcuManbHas 3aTsDKKa IPYKHHBL.

He 3anonnsemcsa, ecnn ECTKOCTb NPYXKUHBI U3
COpTaMeHTa HE COOTBETCTBYET  TaOIHMYHOMN
(cTpyKTypa LenH He OmpejerieHa), eciii pabodas
WIN XOJOJAHAs Harpy3ka Ha TATY IIpeBBIIAeT
TaOJIMYHYIO

12

JlmuHa TSITH

L, Mmm

JlniHa TSTH NPYKHUHBL.

He sanonusiemcs, ecnu ®ECTKOCTh HMPY)XKUHBI U3
COpTaMeHTa HE COOTBETCTBYET  TaOJIMYHOMN
(CTpyKTypa IIeTu He OIpeieicHa)

CraTHyeckoe Bo3/1eiicTBUe

13

Harpyska Ha
onopy, kH

P pad

Cratudeckass Harpy3ka Ha omopy B pabodem
COCTOSIHUH:

1. 3agannas BenuuuHa “Pabodast Harpyska” s
pacueToB C 3alaHHBIMU XKECTKOCTAMU IIPYIKUH.

2. Ompenensercs Ha odTane | W3  yCIOBHUS
“abCONMIOTHON” KECTKOCTH OIOPHI B BEPTHKAIBHO
HANpaBJICHUH JUI PacuyeToB C OMpEEICHHEM
pabo4nX HAarpy30K W KECTKOCTeH MpPYXUH, U s
pac4€TOoB TOIBKO PAbOYMX HArPY30K MPYIKHH.
Ecmu Py, mpeBbIIAeT Poysipes (Tpada 7), don
NOAKpalInuBacTCs u, JOIIOJIHUTECIIBHO, B
NpUMEYaHUH BBIBOAUTCA JHArHOCTHYCCKOC
coo0meHue

14

Harpy3ka na
onopy, kH

PXOJI

CraTyeckas Harpyska Ha OIOpy B Hepabouem
COCTOSIHUH:

Pxon = Ppas'Gx/Gp + (Us — Uy + AL)-C*N

Gy — MoayJp CIBUra Martepuajia MpyXUHbI B
HepaboueM COCTOSHHM;

Gp — Momymb caBMra MaTepuana TpPYKMHBI B
paboueM COCTOSHMY;

U; — TemmeparypHoe HEpeMeLICHHE 110
riobaneHO# ocu X3 (Z) (atan 3);

U, — 3amaHHOE BEPTHKAJIbHOC IIEPEMELICHUC
TOYKH [OJIBECA TIPYIKHHBI;

Ci — OKeCTKOCTh IHenu (3aJaHHas  WIA
BBIOpaHHas);

AL = o, (Tp — Ty)-L — yanuHeHUE TATH IIPYKUHbI;
o, — KOdhOUIMEHT IHMHEHHOTO pPaCIIUPEHHsT
Marepuaa Mpy»XUHbI IpU paboueii TemiepaType;
T, — TemmepaTypa IIpyXuHBI B pabouyem
COCTOSIHHH,;
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Homep Ha3zBanmue O0603Ha "
KommenTapuii, popmyJibl
rpagnl rpagsl YeHHne
Ty — TemmepaTypa TpYXHHBI B HepaboueM
COCTOSIHUH;
L — munHa Tary;
N — gucio nemeit.
Ecmu P, mpeBbimaetr Pognon (Tpada 8), don
NOAKpallMBaeTcs W,  JIONOJHUTENBHO, B
NPUMEYaHWH  BBIBOJMTCA  JHATHOCTHYECKOE
cooO1eHne
Crartuueckass Harpyska Ha OIIOpDY B pEXHMeE
ucnbeITaHui, KH:
Ecmm Pucn MpeBbIIIaeT P ra6mmcms o
MNOAKpalMBaeTcs W,  JONOJHUTENBHO, B
NPUMEYAaHWU  BBIBOJMTCS  JHMAarHOCTHYECKOE
15 Harpysxa Ha P coobmienue. 3HaueHue P BBIYHCIISIETCS 110
omopy, kH uen Tabucn
¢dopmyie:
PTaGucn =
:PTa6nx(m - (PTaGJIX(m - PTaanaG) ' (Tn - TX)/(TD - TX)
rne T, — TemmepaTypa IpYXHHB IIpH
HCTIBITAHUSIX
BricoTa ofiHOMN TpYXUHBI B CTPYKType Lenu Z B
paboyeM COCTOSHHU:
Hpa6 = Hcs - Ap
ICH
H.: — BBICOTa NPY>XHUHBI B CBOOOTHOM COCTOSIHHH
(rpada 9);
A, — ocanka (mepeMelleHne) OfHOH NpyXKHHEI B
paboyeM COCTOSHHU;
A, = Pl A
3aech Ppg — cTaTmueckas Harpyska Ha OTNoOpy B
pabouem coctosiHuu (rpada 13);
Bricota
A — yci0BHas )KECTKOCTb;
16 “pyg‘“’“" B Hys | A=NCyZ GGy
pabotieM N — gncno neneii (Tsr) (rpada 4);
COCTOSIHUHU, MM
Cyx — JKECTKOCTH LIETIN B XOJIOTHOM COCTOSIHUH;
Z — HOMep CTPYKTYypHI enu (rpada 6);
Gy — Moaynb cABUTA MaTepuaia IpPYXHHBI B
XOJIOIHOM COCTOSTHUH;
Gp — Momymb caBura MaTepuana TpPYKMHBI B
paboyeM COCTOSHHU.
He s3anonnsemcs, ecny ECTKOCTb HPYXKUHBI U3
cOpTaMeHTa HE COOTBETCTBYeT  TaOIMYHOMN
(CTpyKTypa LenH HEe OmpejesieHa), eciiu paboyas
WIM XOJOJHAs Harpy3ka Ha TATY HpeBbIMIAeT
TaOJHUYHYIO
Boicota BricoTa oHO#M MpyXHHBI B CTPYKType 1enu Z B
17 MPY>KUHBI B Hyox HepaboueM COCTOSHHH:
XOJIOAHOM H,, = Hes — A

Mocksa, 2023
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Homep Ha3zBanmue O0o03Ha "
KommenTapuii, popmy.ibl
rpagnl rpagsi YeHue
COCTOSIHUH, MM rze:
H_.; — BBICOTa MPYXHUHBI B CBOOOJHOM COCTOSTHHU
(rpada 9);
Ay — 3aTspKKa (TIepeMeleHne) OHOH NPY>KUHEI B
HepaboueM COCTOSHHM;
Ax = Pxon/ A
3aech Py, — cTaTHdeckas Harpyska Ha OIOpY B
XOJIOZHOM COCTOSIHUU (Tpada 14);
A — yCIIOBHAs JKECTKOCTB;
A=NCkZ
N — gucrno nemnei (tsr) (Tpada 4);
Cyx — JKECTKOCTB LIETIN B XOJIOZHOM COCTOSIHUH;
Z — HOMep CTPYKTYypHI enu (rpada 6);
He sanonusiemcs, ecnu ®ECTKOCTh HMPYXUHBI U3
copTaMeHTa HE COOTBETCTBYeT  TaOIMYHOI
(cTpykTypa Llemu He OmpejerieHa), eciu padouast
WIN XOJOAHAs Harpy3ka Ha TATY MpEBHIIIaeT
TaOIMIHYIO
Iepememenne mo rinobansHoit ocu X1(X) B
18 X1 CEUEHMU YCTAHOBKM MpPYXUHBI OT JeicTBuUs
TeMIeparypsl (3tan 3), MM
[epememenns Tlepememenne mo rinobansHoit ocu X2 (Y) B
19 0 OCH X2 CEUCHHH YCTAaHOBKH TMPYXHUHBI OT JEHCTBUS
BUANMOE, MM TeMIIepatypsl (3Tar 3), MM
Tlepememenne mo rtiobampaoi ocu X3 (Z) B
20 X3 CEUEHMU YCTAHOBKM MpPYXUHBI OT JEHCTBUS
TemIeparypsl (9tam 3), MM
[TepemerteHus [Tepemenienne 1o riobanpHO ocu X3 (Z) B
21 10 OCH MOJIHOE, X3 CEYEHUH YCTAHOBKH MPYXXHUHBI OT JEHCTBHUS BCEX
MM Harpy>karomux (paxTopoB (3Tam 2), MM.
Y nrHEeHHe TATH NPYKUHBL
AL =0, (Ty-TyoL
T, — Temmeparypa TmpyXuHBl B paboduem
COCTOSIHUH
e r— Ty — Temmeparypa MpyXHHBl B Hepabouem
22 AL COCTOSIHUM
TSTH, MM .
0, — K03(Q(HUIMEHT IMHEHHOro pacIUpeHus
MaTepHaia Npy>KHHbI IpH pabodeii Temieparype.
He s3anonnsemcs, ecny ECTKOCTb HPYXKUHBI U3
copTaMeHTa HE COOTBETCTBYET  TaOIMYHOM
(cTpyKTypa LienH He OnpesielicHa)
3aTspKKa NPYKUHBI B MOHTa)KHOM COCTOSTHHU:
3atrsKKa kyc*r = ZAp + U3110Jmoe - Uu
23 MPY>KUHBI B Aer Z — HOMep CTPYKTYypHI Ienu (rpada v5);
MOHTa)KHOM A, — ocazika (IepeMelleHne) OJHOH NpyXUHbEI B
COCTOSIHUH, MM pabodeM COCTOSIHHH;
Uspomoe — NMEPEMEIICHHE B CEUCHUH YCTAHOBKH
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Homep Ha3zBanmue O0o3Ha "
KommenTapuii, popmyJibl
rpagnl rpagsl YeHHne
neiictBust mo ocu X3 (Z) OT BCex HArpy»KaroIux
(hakTopoB (3Tam 2), ykazanHoe B rpade 21;
U, — 3amaHHOe BepTHKAIHLHOE IepeMeIeHUE
TOYKH IIO/(BECA NPy KHHBI.
He sanonusiemcs, ecnu ®ECTKOCTh NMPY)KUHBI U3
COpTaMEHTa HE COOTBETCTBYET  TaOIM4YHOM
(CTpyKTypa Llemu He OmpejeieHa), eciu pabouas
WIM XOJOJIHAs HArpy3ka Ha TATY IPEBBIIACT
TaOIMIHYIO
JluHamMu4eckoe Bo3eiicTBHE, CeiCMUKA
24 Harpyska, kH +P CeiicMuyeckast Harpy3Ka Ha omnopy 1o ocu X3(Z)
25 + X1 Ceitcmugeckoe mepemennenne no ocu X1(X)
26 lepememenne + X2 Ceitcmudeckoe mepemeienne no ocu X2(Y)
O OCH, MM =
27 + X3 CeiicMuueckoe nepeMenieHne no ocu X3(Z)
DxS Hapyxubiit aumamerp (D) u TommmHa CTEHKH
28 MM > | TpyOsl (S) B CedYeHMM YCTAHOBKH MPYXUHHOW
OTOpHI (COpTaMeHT TPyObI)
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[punoxkenue S. OnpeaeneHne MeCTHOM KeCTKOCTH y3JI0B BPe3KHU LUTylepa

31ech MpUBEIEHBI MOJOXKEHUs U (POPMYIIBI U3 Psifia U3BECTHBIX OTEUECTBEHHBIX
U 3apyOe)KHBIX HOPMAaTUBHBIX JOKyMeHTOB [3, 8, 68-72], peanuzoBaHHBIE B
“kanpkynsarope”  mpenpoueccopa IIK  ACTPA-HOBA 11 opTOroHanbHBIX
(HOpMaJbHBIX) COeNMHEHUH “mTynep-obdeyaiika” U “mrynep-aHuIe”. DTH ITOJI0KEHUS
1 (HopMyIBI COTITacoBaHbl, B 4acTHOCTH, ¢ peanm3anueid B [IK PVP-Design (B nemom
COXpaHEHa B HECKOJBKO YCEUEHHO-OTKOPPEKTHPOBAHHOM BHJE aBTOPCKAs PETAKIIUS
k.T.H. b.C. Bonbgcona).

[Tpn 3TOM HEOOXOOMMO YETKO MOHMMATH (M 3TO MOATBEPXKIEHO, B YACTHOCTH,
pemreHHBIME  BepuduKanmoHHEIME 3amadamMu 1o ACTPA-ADC [27] ¢ “TounHBIM”
OIpeZieTIeHueM MaTpull K03((HUINEHTOB JIOKAIBHOM ’KECTKOCTH II0 IPOCTPAaHCTBEHHO-
000JI0OYEUHBIM KOHEYHORJIEMEHTHBIM MOJZENSAM), 4UYTO peajbHble KO3 (HUIHEHTH
MECTHOM JKECTKOCTH-TIOJATIMBOCTH COCAMHEHHH “IITylep-odeyaiika” MOTYT BechMa
3HAYUTEIBHO OTJIMYATECS OT IPUBEICHHBIX AaHATUTUYECKUX BBIPAKCHUH.

I15.1. Ycnosnvie 0603nauenus (Bce TMHEIHBIE pa3Mephl — B MM)

D — BHYTPEHHHUI TUaMeTp IWIMHAPUYECKOH 00€dailki MM BBITYKJIOTO
JTHHIIA, MM

D — BHYTpPEHHMH JMaMeTp KOHHMYECKOW obewailku B  MecTe
pacIoIoKeHHs ITyIEepa, MM

d — BHYTPEHHHUH ANaMETp IITyIEpa, MM

H — BHYTPEHHSIS BEICOTA JUTMNTHYECKOH 9acTH AHUINA, MM

Il — WUCIIOJIHUTECIIbHAA JJIMHA IITYyILEpa, MM

liy — WCIIOJIHUTEIIbHAS JUIMHA YCUIIEHHON 4acTU LITyLEpa, MM

|2 — HUCIIOJITHUTECJIbHAA IIUPHUHA HAKIIAAHOTO KOJIbIIa, MM

Reo — BHYTPEHHHH pamuyc c(epHuecKoro CerMeHTa TopochepHdecKoro
JTHHIIA, MM

S — MCIIOJIHUTEJbHAS TOJIIMHA CTEHKH 00eYaiiku, MM

S — WCTIOJIHUTENbHAS TOJNIIMHA CTCHKHU ITYIEpa, MM

Sw — WCTIOJIHUTENbHAS TONIIMHA yCWIEHHOW YacTH IITyIepa, MM

S; — WCHOJIHUTENbHAS TOJIIIMHA HAKJIQIHOTO KOJIbLA,MM

X — PaccTOSHUE OT IIEHTPa OTBEPCTHUS 10 OCH SJUTUITHYECKOTO THHIIA,
MM

Oy — MOJIOBHHA YTJIa PacTBOpA IPH BEpPIIMHE KOHMYECKONW 00edaliku, pas,
rpan,

E — MOAYJb YIPYIOCTH MaTepuaia kopiyca, MIla,

1) — k03¢ Punment [Tyaccona

I15.2. Ilpedenvt npumenenus
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B nomonuenue k tpedoBanmsm m.a. 4.2, 4.4, 6.1.1 u 6.2.1 TOCT P 52857.3-
2007 neHCTBYIOT CIEAyIOLIMe OTPaHWYEHUsS Ul NPUMEHEHHS NPUBEICHHBIX HIDKE
3aBMCHMOCTEN:

1) ms y370B BpE3KH IITYIEPOB B HHIHHAPUYICCKHE M KOHHYECKHE OOeUalku
paccTosiHMe OT Kpas INTylepa MM HaKJIaJHOTO KoJjblla OO0 OJbKailiero KoHLA
pacyeTHOH UTMHBI yyacTKa obeuaiiku qomkHo O0biTh He MeHee 0,5(D+S) wmm 0,5(D,/cos
0,+S), COOTBETCTBEHHO;

2) mis y37MOB BPE3KH LITYLEPOB B BBIMYKJIbIe MHHINA PACCTOSHHE OT Kpas
IITYLepa WA HAKJIAJHOTO KOJbLA J0 Kpas BHEIIHEH MOBEPXHOCTU BBHITYKIOTO JHHINA
nokHO ObiTh He MeHee 0,1(D+2S), a BuyTpennuil quamerp mrynepa d He Oonee yem
0,67R-S;.

I15.3. ¥Y3en epe3xu wimyyepa é yuaunopuueckyro 0oeuaiiky

Puc. 5.1 TlonoxxuTenbHble HANPaBICHUS CUJI U MOMEHTOB

3.1. Venosas sicecmxocmo y3ia Bpe3KH MITyIepa 0e3 HAKIAJTHOTO KOJIbIA MPH
neiicTBUM MOMeHTa My B IIpOJIOJIPHOM HAIIPaBICHUU:
Ommnoka! O0beKT He MOKeT ObITH CO3JaH M3 KOJIOB NoJeil peJaKTHPOBAHMS.
rae;: Ommoka! OO0OBEKT He MOKeT ObITh CO03JaH M3 KOJO0B IOJIeH
peraKTHPOBAHUS.
| — MOMEHT WHepINH CeYeHHs MTYyIepa Ipu U3ruoe, Mm?:

Ommnoka! O0beKT He MOKeT OBITH CO3JaH U3 KOJIOB MoJIeil peJaKTHPOBAHMSA.

3.2. Venosas scecmrxocme y3na Bpe3ku ITylepa 0e3 HAKJIAJIHOTO KOJbla NpU
neiicTBu MoMeHTa My B OKpY>KHOM HaNpaBIEHHU:
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Ommnbka! O0beKT He MOKeT OBITh CO31aH U3 KOJO0B I0J1el peJaKTHPOBaHMNS.
rae:Ommuoka! OO0beKT He MoMeT OBITH CO34aH U3 KOAOB MoJIei
pelaKTHPOBaHMA.
— IS IITYLEpOB 0€3 YTONIIEHHO YacTH:
Omuodka! O0beKT He MOkKeT ObITH CO3JaH U3 KOJOB 10JIeii pelaKTUPOBAHMS.
— JUIS INTYLEPOB C YTOJIEHHON YacThIO:

Ommnoka! O0beKT He MOKeT OBITh CO3aH U3 KOJOB NOJeil peJaKTUPOBaHUSA. — IIPU
Omuoka! O0beKT He MOKeT OBITH €CO3/1aH U3 KOJIO0B MoJeil peJaKTHPOBAHMSA.
Omuodka! O0beKT He MOXKeT OBITH CO3aH U3 KOJA0B 110JIeil peJaKTHPOBAHUS. — [IPU
Ommuoka! O6beKT He MOKeT OBITh €CO3/1aH U3 KOJOB I0Jeli peJaKTHPOBaHMS.

3.3. Venosas scecmxocms y3ma Bpe3KH mTynepa 0e3 HaKJIaIHOTO KOJbIA MpH
JIEeWCTBUHU KPYTSAIIEro MoMeHTa M,
Ommnbka! O0beKT He MOKeT OBITh CO03/1aH U3 KOJOB IO0Jell peJaKTHPOBAHMS.
rae: Ommbdka! OO0BbeKT He MOXKeT OBITH C€O3JaH H3 KOIOB MoJiei
pelaKTHPOBaHMSA.
Ik — MOMEHT HHEpIUHU CeYeHHMs IITYyIepa MpU KPYUCHUH, mm*:
Omubdka! O0beKT He MOKeT OBITH €CO3/1aH U3 KOJO0B MOoJeil pelaKTHPOBaHMS.
G — Moxyb cBura, H/mm?:
Omuoka! O0beKT He MOKeT OBITH CO3/1aH U3 KOJIO0B MoJeil pelaKTHPOBaHMS.

3.4. Jlunetinas scecmkocms y371a Bpe3Kn MTynepa 0e3 HakIaJHOTo KOoibla Mpu

neiictBuu cwibl F,, HamipaBIeHHOM o ocH mTynepa, H/mm:
Ommnbdka! O0beKT He MOKeT OBITh CO3/1aH U3 KOJOB I0J1el peJaKTHPOBaHMS.
rae:Ommoka! O0beKT He MOKeT OBITh CO03JaH U3 KOAOB MOJIeH
penakTupoBaHus. — KO3 GUIMEHT, TPUBEACHHBIN Ha puc. 5.2 mis 3Hayenuit =0, 1/8
u 1/4. JIns IpOMeKYTOUHBIX 3HAYCHUH ONpeeNnsieTcsl JIMHeHHOH MHTeprosuen (cM.
Hiwke). [Ipu 3HaueHusx [>1/4 nuHeiiHas MOJATIMBOCTH y3Jla BPE3KH INTYIEpa MpH
JelicTBun cuibl F,, HampaBlieHHOW MO OCH IITYyIEpa, B CTOPOHY 3amaca, MPUHUMAETCs
paBHOM HYIIO, a IUHEHHAS JKECTKOCTh HE ONPEAeIIAeTCs.
Oumuodka! O0beKT He MOXKeT OBITH CO31aH U3 KOJI0B M0JIeil pelaKTUPOBAHUSL.;
Ommnoka! O0beKT He MOKeT ObITH CO3aH U3 KOAOB MNoJjeii
PeIaKTHPOBAHHUA.; Ommnoka! O0bEKT He MOKET OBITH CO3/1aH M3 KOJA0B
10JIeil peJaKTHPOBAHUS.

Leq — SKBHBAJIEHTHAs JUIMHA YYacTKa HHIMHAPUYECKON 00eyaiiky, Ha KOTOPOM

PACIIONIOXKEH IITYIEP, MM:
Ommnoka! O6beKT He MOKeT OBITh CO3/1aH U3 KOJOB NoJel peJaKTHPOBaHMS.

L — pacuerHas mmmHa ydacTka oOedaiku, Ha KOTOPOM PAacCHOJOXKEH IITYIEp.
[IpuHrMaercss paBHOH pacueTHOW juMHE | TIIamkol IUIMHIPUYECKOH obeyaku
Harpy>XeHHOM Hapy KHBIM JIaBICHHUEM HJIN IepepesbiBaromeii cuioi (1. 5.3.2.2 TOCT P
52857.2-2007) wmu pacuetHoit aiuHe | o6edaiiku, yKpEenIeHHONW KONBIIAMH JKECTKOCTH
U Harpy>K€HHOW Hapy>XHBIM [IaBJICHHEM, TIPH OIPEIEJICHUH JOIyCKaeMOro JaBlICHHUS,
HCXOMS U3 YCIOBUH YIPYrod YCTOWYHBOCTH MEXKIY KOJbIIAMU xkecTkocTH (1. 5.4.2.2.1
I'OCT P 52857.2-2007), mMm.
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by — paccrosiHEe MeXITy IEHTPOM IITYyIlepa M CEpPeANHON pacdeTHON UTHHBI L
ydacTka 00e4aiiku, Ha KOTOPOM PacIoiOKeH MITYLEP, MM.

An

| W
' i Ag {1 1
8 SR
. .;’ | i ,“."\v, "
| '1. | = ‘ A
T Ao
2 1T 1IAZ 2 TTT 111
Y] i i
ﬁ
1| 1Y | 'l
: | ‘ | 1]
% l x 11 1 ] ' ‘
4"] —— ] L | L Aiv 1 | . a
0 10 20 3() 40
Puc. 5.2

Ag—mipu f=0, Ag—mipu f=1/8, Ay —nipu f = 1/4

M — nokazaTenb creneHu. [Ipuanmaercs paBHbIM: M=2,22 — nipu =0, m=2,125
— mipu $=1/8, m=2.10 — npm S=1/4.

Topsitok HMHTEPHOJSIMK TPH  ONpPEeSieHHH BeduduHbl Kg, criemayrommuii.
Boruncrsiercst BenmuyuHa f U pacCUUTHIBAIOTCS 3HAUYeHUS Kp, UIS TaOJMYHBIX 3HAYCHHUI
£ (0, 1/8, 1/4), Mexay KOTOPBIMH JIC)KHT BBIYHCICHHAs BenuyuHa . C MOMOIIBIO
nuHeWHOUW uHTepnosiun Kg, onpenensercs 3HaueHHE JKECTKOCTH, COOTBETCTBYIOIICE
BBIUMCIICHHOMN BETUYUHE ff.

I15.4. Y3en epe3ku wimyuepa 6 KOHUUECKYIO 00eUaiiKy
BennuuHBI JKECTKOCTH KOHMYECKOW oOedaiiki B MeCTe BpE3KW LITyLepa IMpH
BO3/ICHICTBUM BHEIIHWX CHWJI M MOMEHTOB OT IIPHCOEIMHEHHBIX TpPyOOIIpOBOLOB
BBIYHCIIAIOTCS IO (OopMyJiaM paszera 3, TakkKe Kak Uil HWINHIPUYeCKod obedalku, ¢
YUETOM CIIEAYIOIINX OCOOEHHOCTEH.
3Hauenus koadunuentos Ky, Ky, K, 111 onpeneneHus xecTKOCTH KOHUYECKOH
obcuaiikm B MecTe BpE3KH IITylepa IpH JCHCTBHMHM H3THOAIOINX M KPYTAIIEro
MOMEHTOB PAaCCUUTHIBAIOTCS IO popMyIam:
Ommnoéka! O0beKT He MOKeT ObITh CO3JaH M3 KOJOB NoJeil peJaKTHPOBAHMS.
Ommnoéka! O0beKT He MOKeT ObITh CO3aH M3 KOJAOB I0J1eil peJaKTHPOBAHMS.
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Ommnbka! O0beKT He MOKeT OBITh CO03/1aH U3 KOJO0B NOoJell peJaKTHPOBaHNS.
BennauHbl )KeCTKOCTH M pacdeTHBIX KOA(h(UIIMEHTOB MPHU ASHCTBUH CHIIBI F;,
HarpaBJIeHHOH 110 OCU LITYLIEPa, PACCUUTHIBAIOTCS 10 (hOpMyJIam:

Omnoka! OO0BeKT He MOXKET OBITh CO3/IaH U3 KOJIOB IOJIEH PeAaKTUPOBAHHUS.
Ommbka! OObEKT He MOXKET OBITh CO3/[aH U3 KOJIOB MoJicH penaktupoBanus.; Ormokal
OOBEKT He MOXKET OBITH CO3/]aH U3 KOJOB Iojiel penakTiupoBanus.; OmmoOka! OObekT
HE MOJKET OBITh CO3/1aH 13 KOJIOB T0JIEH peJaKTHPOBAHUSL.

Ilpn ompeneneHnM OKBUBAJICHTHOM JUIMHBI yYacTKa [WJIMHIPUYECKOU
o0eyaiiky, Ha KOTOPOM PAacIONOKEH WITYLEP, Leq, pacueTHas AnMMHA ydacTKa oOeyaiKku
L mpuHHUMaeTcs paBHOM JITMHE KOHIMYECKON 00eUaiiku.
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I1.5.5. Y3en epesxu wumyuepa 6 nonycgepuueckoe, mopocgepuueckoe unu
INIURMUYECKOEe OHULYE

Z

Puc. 5.3

PacuetHsblii cpeHMil pagnyc JHUIA B MECTE PACTIOIO0KEHHS OTBEPCTHS, MM:
— U1 T0NTyc(hepUIecKoro THHIIA:
Ommnoka! O0beKT He MOKeT OBITH CO3aH U3 KOJIO0B MoJIeil peJaKTHPOBAHMSA.
— U1 TOpOoC(HEepUIEecKOoro THHIIA:
Ommnoka! O0beKT He MOKeT ObITH CO3aH U3 KOJIOB MNoJieil peJaKTHPOBAHMSA.
— JUTS BJUTUIITUYECKOTO THUIIIA!
Ommnoka! O0beKT He MOKeT ObITH CO3aH U3 KOJIOB MNoJieil peJaKTHPOBAHMS.
BbespasmepHblil mapameTp:
— mns Tynepos 0e3 yronmenHoi yactn:  Omméka! O0beKT He MOXKeT
OBITH CO3aH U3 KOIOB MoJIel peJaKTHPOBAHHS.
— JUIS TITYUEPOB C YTOJIIIEHHON YacThIO: Omuodka! OO0beKT He MOXKeT
OBITH CO3aH U3 KOJIOB MoJIel peJaKTHPOBAHHS.
5.1. Jlunetinas scecmrocms y3iia Bpe3KH ITynepa 0e3 HaKIaJHOTO KOJIbIa NpU
JericTBuM cwitbl FZ, HanpaBieHHO#H Mo ocu mryuepa, H/mm:

Ommnoka! O0beKT He MOKeT OBITH CO3aH M3 KOJIO0B MoJeil peJaKTHPOBAHMSA.

roe: Ko — Oe3pasMepHbI KOI(DQUIMEHT, ompenenseMblid no puc. 5.4, B
3aBHCUMOCTH OT mapameTpa U.
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Oummoka! O0beKT He MOKeT OBITH CO3/IaH U3 KO/I0B MOJIel peJaKTHPOBAHMSI.
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I1.5.6. IIpuobnusicennoe onpeodenenue MeCmMHOU HCeCMKOCMU y31a 6pe3KU wmyuyepa,
YKPEnieHH020 HaKIAOHbIM KOJIbUOM

B ClIydac, €CJIii HIMPpUHA HAKJIaJJHOI'O KOJIblia YAOBJIIETBOPACT YCIOBUAM!

— IS NWIMHAPUIECKoi oOevaiikn: Ommoka! OOBEKT He MOXKET ObITh
€O3/1aH U3 KOJI0OB I0JIel pelaKTHPOBAHMNS.

— JUII KOHAYECKOM 00eYaliKu: Ommoka! OO0bLeKT He MOXKeT ObITh
CO03/1aH U3 KOJIOB MO0JIel peJaKTuPOBaAHMS.

— 7S BBITYKJIOTO JHUIIIA: Omnoka! O0LeKT He MOoXKeT ObITh
CO3/1aH U3 KOJIOB MOJIel peTaKTHPOBAHMSI.

MECTHasi JKECTKOCTh Yy3la BPE3KH WITYLEPa, YKPEIUIEHHOrO HAKJIAJHbIM
KOJIBIIOM, PACCUHTHIBAETCS MO (OopMyIam paszesios 3, 4, 5, Takxke Kak JUIs y3/a Bpe3Ku
mrynepa 0e3 HAKIAJHOTO KOJbId, HO IPH 3TOM, BMECTO TOIIIMHBI KOpmyca S B
bopmynbl pasmenos 3, 4, 5 cienyer MOACTABISTH CYMMAapHYIO TOJIIMHY KOpIyca H
HakIaHOTo Koublia (S+Sy).

B cnydae, ecnu mpuBeneHHBIEC BBINIE YCJIOBUS HE BBITOJHSIOTCS W INUPUHA
HaKJIQJIHOTO KOJbLIAa MEHBIIEC COOTBETCTBYIONIMX 3HAYCHUH IS IWIMHAPUIECKOW M
KOHMYECKOH 00e4yaeK W BBIMYKIBIX JHUII, MECTHBIC INOJATIMBOCTH Y371a BPE3KH Y
OTIPEIEIIFOTCS KaK CyMMa ABYX BETHUUH:

Ommnoéka! O0beKT He MOKeT ObITh CO3JaH M3 KOJOB NO0Jeil peJaKTHPOBAHMS.
rae. Omuoka! OObeKT He MOKeT OBITH CO03JaH M3 KOJOB IOJIeH
PEeIAKTHPOBAHUSI. — PACCUUTHIBACTCS 1O (opMysiaM pas3aesioB 3, 4, 5, Takke Kak i
y3J1a Bpe3KH 1ITynepa 0e3 HakIaJHOTo KOJIbIla, HO IPU 5TOM, BMECTO TOJIIIMHBI KOPITyca
S B (hopmyuiel pa3zenos 3, 4, 5 cieayer moaCTaBIATE CYMMapHYIO TONIIMHY KOpITyca U
HakIaHOTo Koublia (S+Sy).

Ommuoka! OObekT He MOXeT OBITH C€O3IaH M3 KOAOB MHoJIeH
PelaKTHPOBAHMS. — PACCUMTHIBACTCS MO GopMyiaM pasaeioB 3, 4, 5, Takke Kak IS
y3J1a Bpe3KH IITylepa 0e3 HakiIaHOro KOJbla, HO MPX 3TOM, BMECTO TOJIIMH S; U Sy B
(hopmyitel pasmenos 3, 4, 5 cienyet noactaBiaTh (Sy+1,) min (Sy,+ly), cootBercTBEHHO.

JXKecTKOCTE y3/1a Bpe3kH mITylepa ¢ HAKJIAJHBIM KOJBIIOM IIPU JCHCTBUH i-0i
Harpy3KH ONpPEersieTCs KaK:

Ommnoéka! O0beKT He MOKeT ObITh CO3JaH M3 KOJAOB I0Jeil peJaKTHPOBAHMS.
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Hpnioxenne 6. Hosbie Bo3amo:xxknoctu ACTPA-HOBA’2015

ACTPA-HOBA’2015 ¢ cpasnenuu c ACTPA-HOBA’2003

ACTPA-HOBA’2003

ACTPA-HOBA’2015 (penus 201605)

ACTPA-A3C aTTECTOBAHA B
T'ocaromnanzope P®.

IIporpamma ACTPA-A3C poluia
nepeaTTecTaluio B Pocrexnanzope
(arrecranmonHblii macnopt PocrexHamzopa
Noe292 ot 14.04.2011, per. Ne614 ot
16.09.2009).  Ilporpammer  ACTPA-TIC,
HE®TEXHUM, TEIVIOCETh n MATUHCTP
cepruummpoBansl PI'YII HIIC Toccrpos
Poccum  Ha  coorBeTcTBHE  TpeOOBaHMAM
CJENYIOIIMX HOPMATUBHBIX JOKyMEHTOB: PJ{
10-249-98, P 10-400-01, PTM 38.001-94,
CHull 2.05.06-85, CHull 2.01.07-85 wu
CHull 11-7-81 (ceptudukar cooTBeTCTBHUS
POCC RU.CII15.H00415, cpok neiictBus C
01.07.2011 mo 30.06.2013).

bymaxnas nokymeHTanust B Buje | JlokymeHtanus ~— ymoOHOro — “KapMaHHOro”

opourtop Gopmarta A 4. ¢dopmara (A 5).

[Iporpamma 3amuiieHa ¢ moMomplo | MI3MeHeHO YTeHHE COAEpXKHMOTO  KJIkoua,

JIOKAJIBHOTO KII0Ya. MOSIBUIACh ~ BO3MOXHOCTh  HMCIIOJIBb30BaHMS
ceTeBo BEpcUH, IpOrpaMMHpPOBaHHE

pa3HHIIHOI>‘I KOMILICKTAIluH.

Menro “Daiin”

®Daiinbl IPOEKTOB:

—*.apr—A9C,
—*.npr—- HEQTEXHUM,
—*tpr—-73C

1. YuaudunupoBanusie (aiiasl MPOSKTOB IS
pasnmuuHbIX HOpM pacdera (A9C, TIC,
HE®TEXUM, TEIUIOCETh, MATHCTP) —
*.anp.

2. Bo3MmoxHa TOJHOLEHHas paboTa C
¢aiinamMu MpeapAYIMX BEPCUH MPOTPaMMBbI
ACTPA (*.apr, *.npr, *.tpr, *.dat).

3. Coszmanme mnpoekTa (pacyeTHOW MOICIH

ACTPA — *.anp) Ha OCHOBE IIPOEKTa,
CO3JaHHOI'0 IPOrpaMMon CTAPT
(mpeobpa3oBanue (aiina oTKpeITOro opmara
CTAPT — *.ini).

4. Bo3MmoxeH BBIOOp  IOJB30BaTEIEM
(mepexiroueHne B mporecce  paboOThI)

OTpPAacCJIEBBIX HOPM pacyerTa.

B crpoke 3aroimoBka yka3aHO HMs
MIPOEKTA.

1. B cTpoke 3aronoBka yka3aH MOJIHBIM MyTh K
TIPOEKTY.
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Ipunoxenue 6

ACTPA-HOBA’2003

ACTPA-HOBA’2015 (peaus 201605)

2. Tlepem OTKpBITHEM  CYILIECTBYIOLIETO
HPOCKTa CTajl BO3MOXKCH IIPEIBAPUTEIBHBII
IIPOCMOTP CXEMBI.
JlobaBneHa  BO3MOKHOCTB
NEPEMEUICHUA CXEMBbI B OKHE
[PEIBAPUTEIHLHOTO IpOCMOTpa ISt
yAyYIIEHHs  TPEACTaBICHUS  PacCUETHOU
CXEMBI:

3. Jlms  BpamieHWs CXEMBI HCIIOJIb3YETCsI
wraumma Ctrl + npaBast kiaBuIa MbIm;

4. Jlns mepeMelleHHs CXeMbl B  OKHE
[PEIBapPUTEIBHOTO0 MPOCMOTPa HCHOIB3YETCs
kiaasuma Shift + npasas kmaBuia MeIIIm.

BpallleHus |

ba3pl  JgaHHBIX 1O Marepuaiam
(cTamsm) TS AIC, T2C,
HE®TEXHM.

[losBunach BO3MOXKHOCTH [JOOABICHUS U
pEeIaKTHPOBAHUS (U3UKO-MEXaHUUECKUX
CBOWCTB MaTepuayoB, T. €. CO3JaHHE
“coOCTBeHHON” 0a3bl JTAaHHBIX I10JIb30BATEIS
no MarepuanaM. Ta yacte B/J], xotopas
co3JaHa pa3paboTyukam, ocraercs
HEU3MEHHOM.

1. 3mMenummchy napameTpsl:

1.1. [lobGaBneH Ttun cTanu (aycTeHHUTHas,
HeayCTEHHUTHast), HEOOXOANMBIH ISl pacyeToB
o PTM 38.001-94;

1.2. JlobGaBneHa 3aBHCUMOCTh XapaKTEPHCTHK
cTajei oT pecypca pabOTBI Ui pacdeToB IO
PJ1 10-249-98.

2. JloGaBieHbl peqakTupyemble 0a3bl TaHHBIX
TI0 OTIOpaM, COAEpIKaILHeE.

2.1. JlonyckaeMble Harpy3ku Ha OMOPbI (CHIIBI
Y MOMEHTBI);

2.2. JlonmyckaeMble INEpeMELIeHUs] CEYCHUS C
ONOpOM BJ0JIb OCEM.

Bo3M0OXHOCTh HACTPOWKHU TOJIIMHBI
JUHUI TpU BBIBOJIE TIpadMuecKOro
n3obpaxenus Ha nevatb (Pain >
Hacmpoiixa napamempog
nevamu...).

Jlo6aBiieHbl BO3MOXKHOCTH M3MeHeHus: (Dailn
- Hapamempwi cmpanuypl. . .):
1. ®dopmara cTpaHHULEI
OPHEHTALNHN);

2. Pa3mepa moneit o BEIOOPY MOIB30BATEINS;
3. IllItamMmoB cTpaHUIBI, OOpa3Lbl MTAMIIOB B
¢dopmare *.dxf, mo ymomuaHwro, XpaHITCS B
nanke: AstraNova\ Templates\ IllTamm.dxf.

(pasmepa u

Wzmenenne mpudTa A1l TEKCTOBBIX
JIOKYMEHTOB, BBIOOD paboueii

Jlo6aBiieHbl BOBMOXHOCTH N3MEHEHHS:
1. Illpudror (pasmep, CTHIb, IBET) I
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JTUPEKTOPHH

HyMepaluy Y3JI0OB W CEUEHHH, a TaKKe U
0TOOpakeHMsI pa3MepoB (PACCTOSHUI MEXIY
CEUCHUSMH);

2. Epunun uw3MmepeHus pasMepoB (METpHI,
CaHTHUMETPBI, MUJUIUMETPHI);

3. JlnuHbl cnucka (aiiaoB (CIUCOK MOCIEIHIX
OTKPBIBAEMBIX NPOEKTOB MU3MEHSETCS OT 4 10
10).

Paboma c zpagpuueckumu okHamu

CrangapTHas MaHeb
WHCTPYMEHTOB, ITIaHENb IPOCMOTPA,
BO3MOXXKHOCTH  MaHHITYJIHPOBAHUSA
n300pake-HUeM C OMOIIBIO MBIIIH.
[Tanexnp crucka y4acTKOB MO3BOJISIET
BBIOPATh AKTHBHBIN Y4acTOK.

1. CymecTBeHHO yiydlIieH HHTepdenc s
paboTsI ¢ rpadIecKUMH OKHAMH:

1.1. JIoGaBiIeHb KHONKH MAaHUITYJIHPOBAHUSL
n300pakeHHeM W KOHTEKCTHOE  MEHIO
(BpameHne B pealbHOM BpPEMEHH, IEPEHOC,
MacmrtabupoBaHHe, 3yMMHPOBaHHE), IPH
STOM COXpaHEHHI U “‘cTapbie’” cocoObl pabOoTHI
¢ M300paKeHNEM;

1.2.  ViuyumeHsl mapaMmeTpbl — BpameHHS
n300pakeHust PparMeHTa CXEMBI;

1.3. Bri6op criocoba 0TOOpaKeHHs
HyMEpaluy Y3J0B M CEYEHHH MOJAEIH O
JKEJIAHWIO TIOJIb30Bates (OTCYTCTBUE, TOJIBKO
y3JIBI, y37IBl M CEUYEHHsS) BO3MOXKEH C
TTIOMOIIBIO AKPAHHOW KHOTIKH;

1.4. KHomka TmepeKIroueHns: H300paKeHns
MOJENH C peagucTUIHoro obwvemHoro (3D-
MOJIEIIb) Ha CXEMATHUYECKOE (OCeBast MOJIEND);
1.5. U3obpaxenne KOHCTPYKTHUBHBIX
JJIEMEHTOB TpPYyOOINpoBoia (OMOPBI, OTBOJBI,
TPOMHMKH, apMarypa ®u T. JA.) H
COCPE/IOTOUSHHBIX CHJI, KaK Ha 00BbEMHOI, TaKk
U HAa OCEBOM Mojenu B 1pe- U

HOCTIIPOLIECCOPAX;
1.6. BO3MOXHOCTH  MOKa3a  pa3MecpoB
(paccTosHMIA MEXAYy CEUYCHUSAMH), a Ui
MOJ3EMHBIX  yYaCTKOB — H  TJIyOHHBI

3aJI0)KeHHs TpyOOonpoBoa.

2. AKTUBHBI  CymepIieMeHT (y4acToK)
BBIJICJIACTCS. HA CXeMe TpyOOIpOBO/Ia IIBETOM.
Hus ymobctBa paboOTBI C TaHENBIO CIHCKA
y49acTKOB  Jo0aBiieHa  KHONKa  BBIOOpa
aKTUBHOTO  ydYacTKa MBINBIO,  JBOMHBIM
IIETYKOM  OTKPHIBAETCSI  IMAJIOTOBOE  OKHO
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I'eomempusn yuacmka (nns BBHIOPAHHOTO
ydacTKa).

3. TlaHenu WHCTPYMEHTOB HACTPaMWBAIOTCH,
anajgoruuno apyruM Windows mpuioskeHusm
(HacTpoiika MUKTOrpaMM KOMaHN).

Ilpenpoueccop

Menrw “/lannvie”

Bo3MoskeH BBIOOp THIA TpOHHHMKA
(CBapHOM WJIH IITAMITOBAHHBII).

Jlo6aBieHbl HEOOXOMUMBIE THIBI TPOWHHKOB
s pacuetoB mo Hopmam PJ] 10-400-01 wu
CHulII 2.05.06-85 (cBapHO# € YKpEIIISIFOLIMMHI
HaKJIaJIKaMH, CBapHOH 0e3 yKperuIsSrommx
HaKNaJoK, IITaMITOBaHHBIH u
IITAMITOCBAPHOIA).

Jlo6aBineHa BO3MOKHOCTH aBTOMAaTHYECKOTO
MOJIETUPOBAHHMS CYIIECTBEHHO
HEPaBHOIPOXOAHBIX TPOMHUKOBBIX
COCIMHEHUN W COeAMHEHHWH ‘‘000pyHoBaHME-
Tpy0a” C COXpaHEHHEM WX pealbHBIX
TEOMETPUKO-KECTKOCTHBIX M  HAarpy304YHBIX
XapaKTEPUCTHK. [OpuenTupoBana Ha
cozJanue mpoekToB 1o Hopmam ITHAD I'-7-
002-86 (ACTPA-A3C), PTM 38.001-94
(ACTPA-HE®TEXHM), P/1 10-249-98, n1.5.2
(ACTPA-T3C).]

B pamkax crepxkHeBOM  Mopenu, A
TPOMHUKOBOTO COCAMHEHHS ONPEACISIOTCS
CHJIOBBIE  (DaKTOpBI,  IEPEMEIICHHS U
HanpsDKEHHS. B MOYKAX, PACIIONOXKCHHBIX Ha
nepeceuenuu  oceil  MAaTUCTPaJbHOW U
mrynepHoi Tpy6. [Ipu Gombiimx auamerpax

TpYyoO, MOZAEIUPYIOLIUX obopyznoBaHue,
MHTEpEC MPEJCTaBISIOT CHUJIOBbIE (AKTOPHI B
MecTe HIPUMBIKAHHUS mTynepa K

000py10BaHuUIO (Ha 00pa3yroIei).

Takue 1Tynepa MOXHO  MOJEIUPOBATH
BpyuHylo  (cM.  Tabmuny  “Ieomempus
yuacmka”) TP IIOMOIIM BCTaBKH >KECTKOTO
OTpe3Ka B KOHIE WIM B Hadajle ydacTka,
JUIMHOW %2  OgmaMeTpa  “MarucTpalbHOM
TpyOBI”’, Monenupyrmeid o0opyIOBaHHE.
BceTaBneHHBI OTpE30K MMEET HYJIEBOM Bec,
YABOGHHBIM [HaMeTp W TONMIMHY CTEHKU
pasnyto 0,49 nmamerpa, 9TO MO3BOJIAET OoJiee
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TOYHO Y4YeCTb pPabOTy TaKOTO COEOUHEHHMS
(Hanpumep, TeMIEpaTypHBIE PaCIIHPEHUS

000pyIOBaHUS).
Jdnsi  aBTOMAarU4ecKoro  MOJEIHPOBAHMS
CYILECTBEHHO HEepPaBHOINPOXOIHBIX

TPOMHUKOBBIX COEIMHEHUH U COEIUHEHHI
“obopynoBaHue-Tpy0a” C COXpaHEHHEM WX
peaJbHBIX ~ T€OMETPHKO-)KECTKOCTHBIX U
Harpy304HbIX XapaKTepPUCTHK HEOOX0IMMO:

1. B pexxume [IPEACTPA, BoiOpaTh B MEHIO
“Nannvre” > “Tpotinukulepesku” te y3ibl, B
KOTOpHIX BaM HyXHO 3amate HE NPOCTO
TPOMHHUK, a COoeAWHeHHe ‘“‘00opymoBaHHe-
Tpy0a” ¢ HCHONB30BaHUEM >KECTKHX BCTaBOK
(mmameTp ImITyIEpa CYIIECTBEHHO MEHBINE
JraMeTpa MarucTpalim)

2. YnpocTuTh BBIOOpP TakHX Y3JIOB MOXHO,
BOCIIONIB30BABIINCh  MEHIO  “/lannvie” >
“Tpotnuxulepesxuy” > tpynmna “Ilomemums”
> xnomka “Coedunenus “obopyoosanue-
mpyba”. Tlocme 93TOro HYXHO BBECTH
KpuTepuil BbIOOpa: CcOOTHOMEHUE Dyyi/Dyyy
(oTHOmIEHWE  IMaMeTpa  MarucTpaim K
IUaMeTpy IITYIEepa).

3. Ecnu BbIOpaHHBIE mporpaMmoii y3imsl Bac
yCTpauBaroT, TO Ha y4acTKaX, MPUMBIKAFOIIIX
K 3TUM y31aM (IITyIEepHbIC KOHIIBI), OyayT
BCTABIICHBI ~ JKECTKHE  OTpe3ku  (rpymma
“3adams” > xHomKa ‘“)Kecmxue ecmasxu’).
[TapameTpbl  BCTaBISEMBIX OTPE3KOB  CM.
Boimie. OOpaTuTe  BHUMaHuWe:  1epes
OCYILIECTBIICHUEM JKECTKUX BCTaBOK
PEKOMEHJyeTCsl CleNlaTh PE3EPBHYIO KOIHIO
MIPOEKTa, COXPAaHHUB €ro IO/ JPYTHMM HMEHEM,
ITOCKOJIBKY BCTaBKa JKECTKUX OTPE3KOB MEHSIET
pacyeTHYIO CXEMYy.

IIpu MOJEIUPOBAHUHU COEIMHEHUHI
obopymoBaHusi ¢ TpyOompoBomoM, TpHU
pacderax BO3HHUKAIOT HEONPABJAHHO OOJBIINE
Harpy3ku B mTynepax. s npenoTBpaineHus
mo100HON CHUTyaIi HEOOXOIMMO yYUTHIBAThH
peayIbHYIO0 AKECTKOCTh (IOIaTIMBOCTB)
HITYLlepa B MECTE MPUMbIKaHUsl TpyOonpoBoia
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K obopynoBanuto. I[logatnuBocTh MITYLIEPOB B
pamkax pacdera ¢ nomormipo IIK ACTPA-
HOBA’05 we ompenensercs, HO ecId
MOJATIMBOCTD Y)K€ U3BECTHA — OIpeJesIeHa C
MOMOIIBI0 JPYTHX PAacUeTHBIX IMPOTrpaMm
(manpumep, Cra/lu0), TO ee ydeT, BO3ZMOXKEH.
Jdns  ydera  W3BECTHOW  TOAATIMBOCTU
HITYLIEPOB o0opyoBaHus (Tpy0)
BOCIIOJIB3YITECh IYHKTOM “Bpesku’ U 3ajaiite
6 KOMIOHEHT (3 — NUHEHHBIX, 3 — YTIIOBBIX)
JKECTKOCTH.

Bo3MoXHO 3amaHuMe COOCTBEHHBIX
mepeMeniennii  omop B pabodyem
(ropstaem) cocrosiauu (Jannvie >
Iepemewenus SAUEMATIOUUX
onop...).

Beenenne tabmmunol Tpadsl “Jlomyckaemas
Harpy3ka” Ui CEYeHHH TpyOoIpoBoma Ha
maTpyOkax apMaTypsl W  O0OpYZOBaHUS,
3aronHAeMol JMOO0 JaHHBIMH OT 3aBOJa-
HM3rOTOBHTEI, TM00 BemunHamu u3 OTT-87.
g 3agaHus M IPOCMOTpPa JAOIMYCKaeMbIX
Harpy3ok Ha o00OpylnoBaHHE HEO0O0XOIUMO:
3amaTh  JIOMyCKaemble  HArpy3ku  JUId
samemisitomux onop B pexume [IPEACTPA,
BOCIIOJIb30BABUINCE  MeHIO  “/lannbie” >
“Xapaxmepucmuku 3aujemusiouux onop” —>
“Iepemewenus  3awemusiiomux onop” >
JI1aJI0r0BOE OKHO “Xapaxmepucmuxu
sawemnsiowux(etr) onop(vt) 6 yzuax(e)” >

ITyHKTHI “Honyckaembie cunvl”,
“IJonycxaemvle MomMeHmbl”.
Bog mapamerpoB pacdetHoi cxembl | Cozmanue “apTepHATHBHOTO”

TpybomnpoBoaa c MTOMOIIBIO
TaOJIUIHOTO uHTepdeiica
npenporeccopa.

npenporeccopa ([Jannvie > Tpaccuposka).
JanHbIit mpenpoieccop:

1. [To3Bomnser MOJIETUPOBATh
TpyOOIPOBOIHBIC CHCTEMBI B pexume On-line,
orepupyst oTpe3kamu “‘Tpy0”, “oTBOIOB” U
JIp., C MOCJIENYIOLIEd IreHepauuend pacyeTHON
MOJIEIIH;

2. JlaeT BO3MOKHOCTh HCIOJIB30BaTh Oa3bl
JMAHHBIX [0 U3AeTusaM (TmpsMble  TPYOHI,
OTBOJFI, TPOHHUKH, apMarypa,
KOMIICHCATOPHI, OIIOPHI | T. 11.);

3. OpHEHTHpPOBAaH Ha CO3IaHHE TPOEKTOB II0
HOpMam PI 10-400-01 (4CTPA-
TEIUIOCETh) wu CHull  2.05.06-85
(ACTPA-MATHCTP).
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Bo3moxHOCTB HCTIONB30BaHUS
“TpaIuIIMOHHOTO” mpenporeccopa KaK
CaMOCTOSITENIFHO, TaK U COBMECTHO C HOBBIM
TpaccupoBukoM  (Tepexon U3 OJHOTO
npenporeccopa B Jpyrod, u 0OpaTHO),
nonnepxkuBaercs IIK  ACTPA-HOBA’09
(200901 u Bpime').

MoxHo 3aJaBaTb nim MCHATH
napaMeTphbl U3 O6IHI/IX JaHHbIX Cpasy

JUIA HECKOJIBKUX YYaCTKOB.

3aMeTHO yaydllleHa M ympoleHa pabora c
IHAJIOTOBBIM  OKHOM Obwue  oanHbvle
YUACMKOE:

1. JlaHHBIC CTPYNIHUPOBAHBI IO TEMAM.

2. OdopmieHne OKHAa aHAJIOTUYHO OKHY
Obwue Oannvie yuacmka, B KOTOPOM
rapamMeTphl 331aBATUCh IS KQKIOT0 ydJacTKa
B OTAEIBHOCTH.

3. JlobGaBneHa BO3MOYXKHOCTh MOAN(DHIIUPOBATH
JaHHbIe 3aKnagku Mamepuanst IpU TOMOITH
6a3sl maHHBIX 1o Martepuanam (b)), npuduem
XapaKTEePUCTUKU MaTepHuaa OynyT
COOTBETCTBOBaTh  pabdo4yMM  Mapamerpam
KaXKJ0T0 y4acTKa.

4. BO3MOXHO HE3aBHCHMOE W3MCHEHHE
rmapamMeTpoB B 3aKNI3AKax, T.e. 3HAuYCHHE
rapamMerpa pa3IMyHOe IS BBIACICHHBIX
YY4acTKOB ~ MOXHO Kak M3MEHHTh  Ha
OJIMHAKOBOE, TAK M OCTAaBUTh 0€3 M3MEHEHHUSL.

VY nanenue u paccTaHOBKa
IMHAMHYECKHX CTEIEHEH CBOOOIBI

BPYUHYIO.

1. JoGaBmeH TyHKT Yoanumsv 6ce maccol
cxembl,  KOTOPBI  IO3BOJSIET  YHAIHUTh
JMHAMHYECKHE CTENeHU CBOOOIBI CO BceX
YYaCTKOB MOJIEITH.

2. C nomompio myHkTa Paccmaseums eéce
Maccbl aBBTOMaTHYECKN PACCTABIISAIOTCSI MACChI
BO BCE MMEIOIUECS CEUYEHHS CXEMBI, BKIIIOUas
cepeluHbl THOOB (OTBOJIOB).

ITonzemHebIe TpyOOIIPOBOIBI

OecKaHAJIbHOMI MIPOKJIaIKA
3a/1aI0TCS U HE CUUTAIOTCS.

HE

Ilynxkr /Ipo6umb noozemuvie yuacmiku
M03BOJIIET OBICTPO W y#OOHO 100aBUTH Ha
TOJI3€MHBIX y4JacTKax TpyOornpoBoa
(OeckaHAILHOW MPOKJIAJIKK) JONOTHHUTEIHHBIC

! Hymepamus Bepcun comepkut rox u mecsi peusa IIK ACTPA-HOBA’2017, t.c.
201611 — cootBetctByeT HOsIOpIo 2016 Toma, a Takke W HOMEP MOAPETH3a, HapuMep

201611-pl.
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CCUYCHMS ONITHUMaJIbHBIM o6pa30M.

Bo3moxHOCTH 3a71aBaTh u | [Ipu 3agannu Ceitcmososoeiicmeusn
penaKTHpOBaTh 1. Cramo BO3MOXHO BBECTH TEKCTOBBII
Ceiicmogozdeiicmeus, a  TaKke | KOMMEHTapHuil, KOTOPBI OyaeT oToOpakeH B
3arpyxarb HMX W3 UMEIOUHMXCcs | Qaiiie BbIaun pe3ysibTaToB.
TEKCTOBBIX (haiiyioB. 2. Jlo6aBIeHBI HOBBIC BO3MOXKHOCTH TIPH
npocMoTpe rpadrka BO3IeHCTBHS:
— Mmacwmabuposanue,
— nepeHoc;
— Hacmpotika — TI03BOJISIET BEIOPATh YHCIIO
JEMOHCTPUPYeMBIX npoekimit (1 — 3), u
MOKa3aTh (WM HE ITOKA3bIBATh) YHCIIOBHIE
3HAYCHMS.
OTcyTCTBYIOT pacuetssle | [l peanusanuu pacueToB 1o Hopmam PJI 10-

koMmiuiekcsl ACTPA-TEIIZIOCETD
u ACTPA-MAT'HCTP.

400-01 (ACTPA-TEIUIOCETH) u CHull
2.05.06-85 (ACTPA-MATHCTP) noGaBieHbl
IIYHKTBI:

1. Temnepamypuvie ucmopuu, Heo6X0JUMbIE
JUI 33JIaHMsT TEMIIepaTypHOl HCTOpUM IpU
pacderax LHUKJINYECKOW MOBPEXKIAEMOCTH MO
BBILIIEHA3BAHHBIM HOPMaM.

2. T'pynmsi. DTOT TyHKT TO3BOJSIET 331aTh
(umu BBIOpaTh M3 0a3bl JaHHBIX) (U3UKO-
MEXaHUYECKUE XapaKTEePUCTHUKH TPYHTOB HPHU

MOJICTTHPOBAHUH MOA3EMHBIX YYaCTKOB
TpyOOIPOBOJOB OeCKaHAILHOW IPOKIAJKH
(TemtoceTH) u MOA3EMHBIX/HA3EMHBIX

MarucTpaiabHBIX HE(TE- U Ta30IPOBOJIOB.

Menro “Yuacmku”

OO0ue maHHBIC YYaCTKa 3a7ar0TCs C
MOMOIIBI0 CYOMEHIO, COZAEPIKAIIETO
Ha0bOp MAJOTOBBIX OKOH, B KOTOPBIX
JIAHHBIE CTPYIITUPOBAHBI [0 TEMaM.

WuTepdeiic okaa Obéugue Oannvie yuacmka
3aMETHO YJIy4IlICH:

1. Bce XxapakTepHCTUKH TPEICTaBICHBI B
OJJHOM OKHE M CIPYIIIMPOBAHBEI 110 TEMaM B
BUJIE 3aKJIAJIOK;

2. Bo3MoxkeH BBIOOp XapaKTepHCTHK W3 0a3
JAHHBIX;

3. [obGamiensl xapaktepucTuku Hzonayuu
JUIL  pacueToB IOJ3EMHBIX TPYyOOIPOBOJOB
OeckaHaJIbHON MIPOKIaJKU (ACTPA-
TEILUIOCETb v ACTPA-MATHCTP),

4 Jna pacueroB mo Hopmam PJI 10-400-01
(ACTPA-TEILTOCETbH) nobaBieHa
BO3MOKHOCTB BBIOOpA THIIAa 0TBOJIA (THOA);
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5. Pabora ¢ okHamu Obugue oannsvle yuacmka

(u1a  3amaHWMSA  XapaKTEpUCTUK  OJHOTO
KOHKPETHOTO Yyd4acTka) U Ooéugue Oannvle
yuacmkoe (Ui 3aJaHUSt W W3MEHEHUS
XapaKTEePUCTHK HECKOJIbKUX Y4acCTKOB
OJIHOBPEMEHHO).

BBox reomeTpun y4acTka. HamHuoro ynoGHee cTano OCyIIECTBISTH BBOJ
reoMeTpuu ydacTka “TpagULIUOHHBIM”
CIOCOO0M:

OtkpeiTe  juanoroBoro  okHa | Ctajjo  BO3MOXHBIM  OTKpPBIBaTh ~ OKHO

T'eomempusn yuacmka | I'eomempus yuacmka xax W3 MEHIO, Tak U

OCYIIECTBIISICTCS n3 MEHIO | HEMOCPEACTBEHHO W3 Tpa)MuecKoro OKHa,

Yuacmku. BBIJICITUB HYXKHBIH YJaCTOK Ha CXEMe.

I'moGanpHast nexaptoBa cucrema | 1. BBemen mnpusHak Buma koopauHat. Ilpu

KOOpAUHAT MJIA 3aJaHUsI T€OMETPUN
Y49aCTKOB CXEMEI.

3aJaHUM TEOMETPUH YYacTKa MOXeET ObITh
WCIIONIb30BaHA OJJHA W3 CIIEAYIOUINX CHCTEM
KOOPJIMHAT:

- MIPaBOCTOPOHHSIS JIeKapToBa c
(bMKCHPOBaHHBIM HA4YaJIOM KOOD/MHAT;

—  UWIMHApWYEecKas ¢  (PUKCHUPOBAHHBIM
Ha4aJoM KOOPIUHAT;

— ctepuueckas ¢ (UKCHPOBAHHBIM HAYaJIOM
KOOpAMHAT;

— JIOKaJIbHAs IPaBOCTOPOHHSIS IEKApTOBa;

— JIOKaJIbHAs IUIHHAPUYECKas;

— JIOKaJbHast cepruecKasl.

YnqueH BBOJ MPHU3HAKOB!

— KHOTNKHM NPHU3HAKOB CrPYNIHPOBAHBI MO
TEMaM;
— TOSABWICS  ambTEPHATHBHBIH  CIOCOO

yIAIeHHsT HEHYXXHbIX TNPHU3HAKOB IyTEM HX
“BbIHOCA” 3a TI0JIE BBO/Ia IPU3HAKOB;

— mobaBlieHbI PU3HAKH: JCecCmKas nodsecka,
NO2OHHASL HAZPY3KA, SPYHM,

— OpH BBOAC TMpH3HAKA OMAULAIOWUECS
3HaueHus: 100aBJIcHa BO3MOXHOCTh OBICTPOIO
3aI0JIHEHHUS TIOJIEH C TOMOIIBIO KHOMKU KAK 6
00WUX OAHHDBIX;

— OpU MOJIECIIMPOBAHUHM KOMIIEHCATOPA CTAJo
BO3MOXKHBIM 33]]aBaTh €ro T'€OMETPUYECKHE
XapaKTEPUCTHUKU JUIS pacyueTa HaIlpsHKCHUH B
KoMmIeHcaTtopax mo Hopmam PJI 10-400-01
(ACTPA-TEIUTIOCETbH), a taxxe 3a1aBaTh

KHonku mpu3HaKoB Ha MaHETH
BBOJa W ayOnupyromas — ux
MmojcKa3ka B CTpPOKe craTyca
(moxacka3ku) W B MOJNe  BBOJA
MIPU3HAKOB.
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BEJINYNHBI KECTKOCTEH KOMIIEHCaTOpa
PaBHBIMU JICECIKOCMAM NPUMBIKAIOWUX MPYO
(3HaYeHHE JKECTKOCTEH BBIUUCISIETCS  TI0
JIAaHHBIM OTpE3Ka);

- OIMHAKOBBIN MIPU3HAK MOXHO
OTHOBPEMEHHO  pacCTaBIATh,  U3MEHSTb,
YAAJIATh B HECKOJNBKHUX CEUEHUSX Cpasy;

— TMOSBHIACh BO3MOXKHOCTh  KONHMPOBATh
XapaKTEepPUCTHKN TpHU3HaKa JI000ro ceueHus
OJHOTO ydJacTKa CXEMBl B IIPOM3BOJIEHOE
CEUCHHE JIPYyroro yYacTKa 3TOH XKe CXEMBI
myteM  ‘“meperackuBaHUS”’  (ANMA 3TOTO
OJHOBPEMEHHO JIOJDKHBI ~ OBITh  OTKPBITHI
TeOMETPUH 000HX YIaCTKOB)

Oyukuyss  Yoanums  1O3BOJISET
VHAYTOXXUTH HEHYXXHBIE CCUCHHS
BMECTE CO BCEMH IIPU3HAKAMHU.

Kpome cymecrtByromeit pyHkmm Yoanumos,
NosBIIHCH Jononnumensnvie yynkyuu:

—  Buiuucnumv  noeommvui gec — and
BBIYHMCIICHHS ~ TIOTOHHOIO  Beca  TpPYOBHl,
M30JSIIMU M TPOJAYKTa MO WX 3aJaHHBIM
IUVIOTHOCTSIM, YTO HEOOXOAUMO Ul pacuera
MOJI3EMHBIX TpyOOIpOBOIOB (ACTPA-
TEILUIOCETb v ACTPA-MAT'HCTP),

— /lpobums ompesox — s pazdoueHHs
YKa3aHHOTO OTpe3Ka (3JIEMEHTa) Ha 3aJlaHHOE
YHCIIO PAaBHBIX OTPE3KOB;

— [lpobumv noozemmvie ompesku — A
pa3bueHus MOI3EMHBIX OTpPE3KOB
TpyOomnpoBoza ONTUMATBHBIM JUIst

MOCTPOCHHS PACYETHOU MOJICITH 00pa3oM;

— /lpobumv ompesxu ¢ wiazom — s BCTABKU
HAa Y4YaCTKE JIOTOJIHUTCIBHBIX CCUYCHUHM C
3aJJaHHBIM IaroM (OTHOCUTEIHHO TUAMETPA);
— Paccmanoska ounamuveckux cmeneueu
c600600bI — PACCTAHOBKA JIUHAMHYECKHX
CTEIeHel CBOOOABI BO BCE HMMEIOIIHECS
CCUCHUS YYACTKa,;

— Yoanume nezadeiicmeosanuvie cmewenus —
ULt yIaIeHUs CeUueHNUH, 3aJ[aHHbBIX
“CMemeHnAMH”’, B KOTOPBIX OTCYTCTBYIOT
KaKue-TM00 NPU3HAKH.

Bo3moxHOCTH 3a71aBaTh u | [Ipu 3aganum Junamuueckozo eo3oeiicmeus
penaktupoBatb Bubpayuonnoe w | 100aBIEHBI  HOBBIE  BO3MOXHOCTH  IIPH
Junamuueckoe 6030eiicmeus  Ha | npocMOTpe rpaduka BO3JIeHCTBHS:
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yYacTKe, a TaKKe 3arpy’kaTb UX W3
HMMEIOIINXCS TEKCTOBBIX (PaliiioB.

— Macuwimabuposanue,

— nepemoc,

— Hacmpotika — TIO3BOJIIET BHIOpPATb YHCIIO
JEeMOHCTpUpYeMbIX  mpoekiuit  (1-3), u
noka3aTh (WIM HE TIOKa3blBaTh) UHCIOBBIC
3HAYCHHUS.

Menio “Ilpocmomp”

Bo3moxkeH BBIOOp XapaKTEPUCTHK
MpoCMOTpa Ui  OTOOpaXKeHUs B
rpagu4ecKkoM OKHE.

Jns momzemubix TpyOonpoBojoB (ACTPA-
TEIUIOCETh w  ACTPA-MATHCTP)
J00aBJICH 1TOKa3 CIEAYIOIINX XapaKTePHCTHK:

— TIpynmm  —  TOm3eMHBIE  OTpPE3KH
oroOpaxkatoTcst  OpyruM (10 BBIOOpPY
TMIOJTE30BATENS) LBETOM;

— H3onawyua — TON3EMHBIC  OTPE3KH
TpyOOIIpOBO#a, HAa  KOTOPBIX  HMEeTCs

TEIUTON30JISIIHA, OTOOpaKAIOTCS APYTHM (II0
BBIOOPY ITOJIE30BATENS) IIBETOM;

— Komnencupywuwiue nodywku — 1noa3eMHable
OTpEe3KH TPyOOIpoBO/a, HA KOTOPBIX UMEIOTCS
KOMIICHCUPYIOILIHUE TOLYLIKH, OTOOpa)karoTcst
JpYTHM (110 BBIOOPY MOJb30BATENs) LIBETOM.

Pacuemmnvie modynu

Pacuetst Ha  mpoyHOCTH o
OTpaciIeBbIM HOpMaM:
— IIHAD T-7-002-86 (ACTPA-

A90);
— PTM  38.001-94 (ACTPA-
HE®TEXHUM);

— P 10-249-98, nm.5.2 (ACTPA-
790).

B nmoGaBnenne k wumerommmes  (1,2,3)
pa3paboTaHbl, pean30BaHbI u
BepU(HUIIMPOBAHBI METOMMKH pacueTa Ha
MPOYHOCTh,  OTBEYAIONIME  TPEOOBAHHAM
CIIEIYIOIIIX OTPACICBBIX HOPM:

—P/1 10-400-01 (ACTPA-TEIIVIOCETb)

— CHulI 2.05.06-85 (4CTPA-MAT'HCTP),

B TOM  4YHCJIE  pacdeT  MOJ3EMHBIX
TpyOOIPOBOJOB  TeIUIOCETeH OecKaHAIBHOM
MMPOKJIaIKH n HOHSCMHBIX/H&SGMHBIX (B

HACBITIN) MarucTpanbHbIX Hedre- u
ra3onpoBOJIOB.
IIpy 3TOM Kak yCTpaHEHBl HEIOYETHI

yKa3aHHBIX HOPM (B YacTH HECTPOTOCTH H
HEKOPPEKTHOCTH (DOPMYJI U MOJIOKEHHH), TaK
1 BOCIIOJIHEH psi “npoOesioB”.

EHHHLIﬁ AJITOPUTM pacyeTa Jisd BCEX
nporpamMm KOMIUICKCa

YHuuMpoBaHbl M ONTUMH3MPOBAHbI BCE
OTpaciieBble TMPOrPaMMbl KOMIUIEKCA, CHSTHI
HeolpaB/iaHHbIE OTpaHUYEHUS Ha
Pa3MepHOCTH.

Tak, 3a cuer >ddekruBHON Oydepuzamun u
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MHHUMH3alMMd  OOMEHOB BpeMs pacyera
ymeHbleHo B 1,5 — 3 pasa.
Maxkcumanvroe aucino y3ioB — 500, Maxkcumanwvroe aucino y3ios — 2000,
cynepanemeHToB (yuactkoB) — 1000, | cymepanemenToB (yuactkos) — 2000,
3IeMeHTOB Ha yuyactke — 40, 3neMeHToB Ha ydacTtke — 400,
Munumansroe 4ucio y3ios — 1, Munumansroe uncino y3noB — 0 (Her),
JJIEMEHTOB Ha Y4acTKe — 2. JJIEMEHTOB Ha y4acTke — 1.
Cratuka u 1uknuka (ACTPA- | — YCOBEPLIEHCTBOBAH UTEPALIMOHHBIN

CTAI).

AJITOPUTM TIpU pacyHe€Tax Ha CTAaTUYCCKYIO U
OUKIIMYECKYIO0 MPOYHOCTh C YYE€TOM TPCHUS U
OTPLIBOB B OIIOpax.
— OTKOPPECKTUPOBAH YYET MOHTAXXHOI'O HATATra
Ha 4 JTamne pacycera.

B KOMIICHCATOpax BO3MOXEH pacyeT

PeanmzoBana Hopmarushas (PTM 38.001-94,

NepeMeIleHui. PO 10-400-01) METOJMKa pacueta
HATIPSKCHUN B HEHOPMAJIH30BaHHBIX
(JIMH30BBIX U CHIIH(OHHBIX) KOMITICHCATOPAX.
IIpu pacdeTax TpyOOIPOBOIOB c

Teron3ossinueir nmo Hopmam PJI 10-400-01
(ACTPA-TEIUIOCETbH) n CHull 2.05.06-85
(ACTPA-MATHCTP) OTIPEICIISFOTCSI
HanpsDKEHHS, W OLCHUBACTCS NPOYHOCTh HE
TOJIBKO DJIEMEHTOB TPYO, HO U M30JISLIUH.

Bo3moxkeH ~— craTMueckuil  pacdyeT  Ipu
JefcTBUU BHEIIHETO JTaBJICHUS Ha
TpyOOIpoBOA (MM BaKyyMa BHYTPH TPYOb).
CoOcTBeHHbIe YacTOThl M (opMbl | 32 CHET COBEPLICHCTBOBAHHUS  aITOPUTMA
(ACTPA-®OPM). (dbopMHpOBaHMST M PEUICHUS  YaCTUYHOM
npo0OIeMbl COOCTBEHHBIX 3HAUCHUH
COKpAlllEeHO BpeMs pacuera COOCTBEHHBIX

yacToT ¥ (opm Kosebanuii (B “cpenHem” — B
2,5 paza).

Maxcumanvnoe onpeensieMoe
YHCII0 COOCTBEHHBIX YacTOT U OpM
konebannii — 400.

Maxcumanvroe onpejensieMoe YHUCIIO
COOCTBEHHBIX 4acToT M (opMm KonebaHuii —
2000.

Pacuer Ha celicMHYeCKHe
Boszeiictsust (ACTPA-CEHCM).
Makcumanvbroe yauThIBAEMOE YHCIIO
COOCTBEHHBIX YaCTOT H  (QOpM
konebannii — 400, 4YHCIO TOYEK
3amanust crekrpoB orBera — 1000,
akceneporpamm — 3000

Maxkcumanvroe YYUTHIBAEMOE YHCIIO
COOCTBEHHBIX YacTOT W (opM KoieOaHui —
2000, gucio Touek 3aJaHMs CIEKTPOB OTBETA
— 10000, akceneporpamm — 60000.

Pacuer Ha JUHAMHUYECKHE

Maxcumanvroe YYUTHIBAEMOE YUCJIIO

Mocksa, 2023
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Bosaeiicteust (ACTPA-/JHH).
MakcumanvbHoe yauThIBAEMOE YHCIIO
COOCTBEHHBIX HYacCTOT M  (QopM
koseOanuii — 400, mauHAa BEKTOpa
(mpoexrmu) — 3000.

CcOOCTBEHHBIX 4acTOT U (PopMm KoseOaHui —
2000, mmaa Bekropa (mpoekituu) — 60000.

Ilocmnpoueccop
CBomHble Tabmuisl  pe3yibpraTtoB | JloOaBieHa BO3MOXHOCTh MOJTyYeHUS
IIPEICTaBICHbI B TEKCTOBOM | CBOAHBIX Tabmun ¢opmara HTML, wuto
¢dopmare. MO3BOJISIET HE TOJIBKO NPOCMAaTpUBaTh, HO U
MOJIHOIIEHHO ~ PEJaKTUpOBaTh TaOJNUIBI B
TekcToBoM penakrope Word wu Internet
Explorer.
Busyammzamust  mepememiennit  w | [Ipu Busyanuzanuy HanpsHKeHHUH M3MEHMIITHCH
HaNpsDKEeHAH. TIPUHINIIBI IPEICTABICHHUS HH)OPMALIUH:
[lpr Bu3yanu3amuu HANpSHKEHUH | — DJIEMEHTHl, B KOTOPBIX HANpsDKCHHS He
L[BET BCEr0 OTpPE3Ka OIpEAeNcA | BBIUMUCIAIOTCA  (apMmarypa,  HEKOJIbIEBBIC
MaKCHMaJIbHBIM 3HAQUYEHHEM | CEYEHMs) OCTAloTCi IPH  BU3yaIH3alUH

HalpsDKEHWST Ha KOHIAX OTpe3Ka
(mpu 3TOM apMaTypa, KOMIIEHCATOp,
HEKOJIbLIEBOE CCUcHUE
OKpAIlIMBAJKCh B ILIBET OJHOTO W3
COCEJTHHX OTPE3KOB).

OKpAIIeHHBIMH B HEHTpaNbHBIA [BET (IBET
HCXOJIHOTO TPYOONpPOBO/IA);

— OKPECTHOCTb CCUCHHA, paBHaAsA IIOJOBUHC
JUIMHBL 3JIEMEHTa, OKpaIlMBaeTCsi B I[BET
COOTBETCTBYIOLIETO HAPSKEHUS.

Bozmosxen MIPOCMOTP KaK
abcomrotHeix (B MIla), Tak wu
OTHOCHTENBHBIX  (CpaBHEHHE  C
JIOITy CKAeMBIMH ) BEITMYHH
MIPUBEICHHBIX HANPSKCHHUH.

Hdns ynobcTtBa  OLUEHKHM  HANpPsDKEHHOTO
CoCTOsHMA TpyOOIpoBOga MHpU IMPOCMOTpPE
OTHOCHTENBHBIX HAaNpPSDKEHUH MOYKHO BBHIOPATh
CIIOCOOBI OKPaCcKH HaIIPSKCHUMH:

— 06a ysema — TP KOTOPOM BCE JJIEMEHTHI, B
KOTOPBIX  HampsDKeHWE  HE  INPEBBINIACT
JOIYCTHMOTO, OKpAIlleHbl B OAWH ILIBET, a TE
I7le HanpspDKEHWE BBIIIE HOPMBI — B JIPyro
(marpuMep, KpacHBI);

— mpu yeema — MPU KOTOPOM I[BET OTPE3KOB
pasnuueH Ui TeX, TIE HaNpsDKeHUS HIKe
nomyctumbix (0-80%), Gnu3KK K MpeAenbHO
JIOILy CTUMBIM (80-100%), [IPEBBILIAIOT
JIONTYCTHMBIE.

MosxHO BBIOpAThH Macurabd
OTOOpaXeHHsI ~ HEepeMELICHHH ¢
MOMOILBIO MYHKTa MEHIO.

B nobaBieHre K CyIIECTBYIOLIEMY CIOCOOY
BbIOOpa Macmitaba TepeMelrieHuil BBeJeHa
KHOTIKa Ha MaHenm HHCTPYMEHTOB,
MO3BOJISIONIAS CJIETIaTh ITO Jierde u ObICTpee.

IIpu Bu3yanusanuu HampsHKEHUN U
nepeMelleHui MOXHO
MIPOCMAaTpPUBATh  HMX  YHCJICHHBIC

[Tpu BeIOOpE pexuma Ilokazvieams 3nauenus
YHCIICHHBIE  3HAYCHHS  [apaMeTpoB B
BHIOPAHHBIX CEYCHHUSIX BBLIAIOTCS MpH paboTe
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3HA4YCHUA B HHTCPECYIOIIEM
CCUYCHUU.

co BCEMHU rpaduueckumMu OKHaMH
HOCTIIPOIIECCOpa (Bu3yanu3anus
TepeMeIIeHNi U BU3yaIN3aIlisl HaIpsHKeHUH )
N COXpaHSAIOTCA IIpU JIFOOBIX MaHUITYJIAOUAX C
n3o0paxkeHneM  (IMOBOPOT,  MepeMelleHHE,
3yMMHPOBAHHUE U T. I1.)

Mocksa, 2023
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ACTPA-HOBA’2007 (28.03.2007)

ACTPA-HOBA’2007 (20.04.2008)

[Iporpammer ACTPA-TAC,
HE®TEXHUM, TEIUIOCETH n
MATHCTP  ceptudUIMPOBaHEI

OI'VIT OIIC Tocerpos Poccun Ha
COOTBETCTBHE TpeOOBaHUIM
CIIE/TyFOLITNX HOPMATHUBHBIX
nokymentoB: PJI 10-249-98, PJ

10-400-01, PTM  38.001-94,
CHull 2.05.06-85, CHull
2.01.07-85 wu CHull 11-7-81

(ceptuduxar coorsercTBust POCC
RU.9001.11CI111.H00141 Ne
0312925, cpox  pmeictBHI ¢
15.07.2004 mo 15.07.2006).

Iporpammer  ACTPA-T3C, HE®TEXHM,
TEII/IOCETh, MAI'HCTP B  cocTaBe
KOMILJIEKCa ACTPA-HOBA’2009

cepTu(UIMPOBaHbI B OpraHe Mo cepTH(UKan
MPOTPaMMHON MPOXYKIMH B CTPOHUTENILCTBE
OOO IICIIC Ha coorBeTcTBHE TpeOOBaHHUAM
CIIEYIONMX HOPMATHUBHBIX JOKyMeHTOB: PJI
10-249-98, P 10-400-01, PTM 38.001-94,
CHullI 2.05.06-85, CHuII 2.01.07-85 u CHull
11-7-81 (ceprudurar coorBerctBusi Ne POCC
RU.CII15.H00100, CPOK IEHCTBUS c
25.06.2007 no 25.06.2009)

Bxitouenue BO3MO>KHOCTEHN

Bepudukanus, MOJHONEHHOE MOAKIIOUCHHUE H

(dbopmupoBaHus 51 ydeTa | BHATHBII MOJIBb30BaTENbCKUil UHTEpdEiic onuumit
MaTpPUYHBIX CyIepasieMeHTOB | (hopMHPOBaHHUS u ydeTa MaTPUYHBIX
(Kpeiira-bemnrona) cynepanemenToB  (Kpeiira-bemnrona) s
ACTPA-CTALl u ACTPA-OOPM.
[TokazaTenbHBI  BepU(UKALIMOHHBIH TTpUMEp
(TecT) BKIIIOYEH B KOMIUIEKT ITOCTaBKH.
YTOYHEHHBIN pacuer MKD | YTouHeHHBII pacuer MKD JeTaneit

nerayneit Tpybonposonos ACTPA-
CTAJHO. PeanuzoBan Jis:

1)  OpTOrOHamBHBIX  CBAapHBIX
mMpONUHUKOE B TIPOCTPAHCTBEHHOM
000J104eYHON TTOCTAHOBKE.

TpyOOIIPOBOIOB ACTPA-CTAOHO.
PeanusoBan u BepudumpoBan 1s:

1) OpTOTOHANBEHBIX MPOIHUKOE (CBApHBIX, C
HAaKJIaJIKaMH ¥ [ITaMIIOBAHHBIX C TSHYTOH
TOPJIOBHHOI) B TPEXMEPHOU u
MPOCTPaHCTBEHHO-000JI0UEYHON MOCTAaHOBKAX;

2) omeodos (TMOOB, KOJNCH) C YYETOM
MPUCOETMHEHHBIX TIPSIMBIX TpyO,
SJUIMNTUYHOCTU U PAa3HOCTCHHOCTU CCUCHUA B
MIPOCTPaHCTBEHHOW 000JIOUEUHOH TOCTAaHOBKE;

3) TMH30BBIX ¥ CHIIL(OHHBIX KOMREHCAMOPO8 C
YY4ETOM TPHCOEIMHEHHBIX TNpsAMBIX TpyO B
IIPOCTPAaHCTBEHHOW 000JIOUEYHO [TOCTAHOBKE;

4)  nepexodoé  KOHHYECKHX C  Y4ETOM
MIPUCOETNHEHHBIX TIPSAMBIX Tpyo B
MPOCTPAHCTBEHHON 000I0YEYHO MOCTaHOBKE.

YTOYHEHHBIH pacuer MKD
neraneir TpybomnposomgoB ACTPA-
CTAJTHO. Pemenus CJIAY

Y TOo4YHEHHBII pacuer MKD neranen
Tpy6omnpoBogoB ACTPA-CTA/JHUO. BxiioueHa
JIOTIOJTHUTEbHASL  BO3MOXKHOCTb  peuieHus
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“TpaJIUIIUOHHBIM" npsameiM | CVIAY UmMepayuoOHHbIM Memooom

MeToznoM uckmodeHus “Tayccosa” | conpascennvix 2paouenmoeé c

tumna (kak B ACTPA-CTAL). npeoobycnagnueanuem, 4HrOo  CYIIECTBEHHO
YCKOPSIET pacueT JJis TpexmepHbix KD-Moneneit
(TONCTOCTEHHBIX JieTaneit) 6obII0N
pa3MEpHOCTH.

3amanue u oroOpakeHue aeraneil | BkimtoueHne B 9HCIO  3a7aBaeMbIX U

TpyOOIIPOBOOB: TpsIMbIEe TPYOBI, | OTOOpaxaeMbIX (BU3yaJM3HPYEMBIX) HOBBIX

OTBO/IBI (TuoHI, KOJICHA), | JeTanel: nepexoodvt, Oonviuxu (OHuwa,

TPOWHHUKH, “apMaTypa’, THH3OBBIC | KDbLMKU),  KOCble  CHIbIKU,  “JcecmKue

(cunbdoHHBIC) KOMIICHCATOPEI, | 271eMenmyl’”.

(aHIbl, OTPE3KH HEKOJIBLEBOTO

CeUeHHUs

He peanuzoBano

Omus pacuera (Obwue Oauuvle) C y4ETOM
pacnopa B JuH308blX KomneHcamopax (0T
JTABJICHYS )

He peanuzoBano

Onmusa pacuera (Obwjue OaHHbie) C YIETOM
OCEBBIX CHJI, BO3HHUKAMOIIMX OT JaBICHUS B
o0meoodax, mpouHuKax, nepexooax, CeyeHusx ¢
OMAULAIOUWUMUCS ZHAYEHUSIMU, KOCHIX CIbIKAX,
OOHBIUKAX.

He peanuzoBano

[Tpu mOBTOpPHBIX pacyeTax cOOCTBEHHBIX YacTOT
nu ¢opm xonebanuii (ACTPA-®OPM) c
W3MEHEHHBIMM  IapaMeTpaMM  BHOBb  HE
(hopMHUPYIOTCS MaTPHUITBI TIOJATIMBOCTH H Macc
CHUCTEMBI (UCTIOJNIB3YIOTCS OIpEeeIeHHBIE TPH
“mepBoM” pacyere), 4TO JaeT CYIICCTBCHHYIO

SKOHOMHIO  MAIIMHHOTO  BpPEMEHH Ui
OopIiepa3MepHBIX 3a/1a4.

IIPE-ACTPA: HavanbHyto | [IPE-ACTPA:  nuarHOCTHKa  HECOOCHOCTH

AUIMOTHYHOCTE  MOXKHO ~ 33J1aTh | OTPE3KOB CMEXHBIX y4YacTKOB, 33aHHBIX Kak

OTBOJIOB (ruboB) KaXKJOro | KOpILyC (MarucTpains) TPOMHHUKOBOI'O

y4acTKa-CynepJIeMeHTa COEAMHEHUSI

He peammzoBano IIPE-ACTPA: Ha4yanpHYI0 DIUIMITUYHOCTH

MOXHO 337aTh JUIsl KXKJIOTO 0TBOIA (THOA)

He peanuzosano

IIOCT-ACTPA: CBOJIHBIE-BBIOOPOTHBIE
TaOJUIBl PE3yJHTATOB [IOMOJHEHBI ITyHKTOM
“I'epmernuHocTh (hirannes”

Mocksa, 2023
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Cpagnenne ACTPA-HOBA’2009 (200901) ¢ ACTPA-HOBA’2007 (200804)

ACTPA-HOBA’2007 (20.04.2008)

ACTPA-HOBA’2009 (29.01.2009)

IIPE-ACTPA

IIPE-ACTPA. VYny4meHa HaBUTalUs IO
MOJIETIM, B YacCTHOCTH, BHATHOE BBIZCIICHHUE
3JIEMEHTa, yyacTKa M TpyIn ydacTkoB Ha 3D
MOJIeNIN

IIPE-ACTPA IIPE-ACTPA. “Tabnuua reoMeTpun’”
TPaJMIMOHHOTO BBOJIA peajM30BaHa B CTHUIIE
COBpPEMEHHOro  HHTepdelica  (1oOaBieHBI
KHOIIKH JIeTalel, peakTUpOBaHus U Jp.)
IIPE-ACTPA. Wwmnopt wopenet | IIPE-ACTPA. JlomOTHUTENTEHO —
TpyOOIIPOBOAHBIX cHCTEM B | BOBMOXXHOCTh OTKPBITHS/TIOAKITIOUEHHS
¢dopMaTax pacyeTHBIX MPOTPaMM | MOAENIEH o0opyznoBaHus (armmaparos,
CTAPT, CAESAR Il u CAIIP | cocynoB, KomoHH) B (opMaTe H3BECTHOU

CADWorx Plant, AutoCAD poccuiickoit cucrembr PVP-design  (.ppv-
Gaiiner).

IIPE-ACTPA. 3apmanme monHoro | IIPE-ACTPA. BO3MOXHOCTH pa3felbHOTO

Beca KOMIICHCATOpa 1 Iepexoa. 3a1aHMsA Beca MaTepHalla, M3O/SUUH |
HPOAYKTA JUISl IEPEX0/ia ¥ KOMIICHCATOPA.

IIPE-ACTPA IIPE-ACTPA. “TapmoHu3upoBaH”  Habop
napameTpoB u yuer nepexooos
KOHYEHMPUUECKUX U C IKCYEHMPUCUMETOM.
B JIOTIOJTHEHA nepexogaMu
MITAMITIOBAHHBIMH, JIMCTOBBIMHU, TOYEHBIMH H
6ecoBabiMu 1o OCT 24...34....

IIPE-ACTPA ITPE-ACTPA. B TpaauioHHO “IUIaHOBOM™
mopsiike TomoiHeHsl 0a3el  maHHBIX (BJI):
TpyO, OTBOJOB, TPOWHHKOB, apMarypshl,
KOMITCHCATOPOB, OOP.

Hast BCEX BHUJIOB pacuera | JIONONHUTENBHO — JUIi BCEX BHIOB pacdera

peannu3oBaHbl NMPY>KUHBI COPTAMEHTA | PEaTn30BaHbl TAKXKE MPYKUHBI “HOCTOSHHOTO

MBH, OCT, “cremimy>XuHbl”, | yemwnmus”® (U1 IWHAMHYECKHX  PacyeToB

nonb3oBarens. b/l mpyxun MBH, | npunumaercs JKECTKOCTh MIPY’KUH,

OCT, “cneurry>xun’.

COOTBETCTBYIOMIAs pabouemy cocTosHuio). b/]
JOTIOJIHEHa TPYKMHAMHU U3 Karajuora (GUpMEI
LISEGA.

Pacuer BBICOKOTEMIIEPATYPHBIX
TpyOOIpOBOAOB 6e3 yuera
TPEHHS/OTpHIBA B ONIOPaX

Jnst  orpacneBsix BetBer AIC, TIC wun
HEDTEXUM peanu3oBaHbl
anropuTMbl/onuun  cratndeckoro (ACTPA-
CTAILl) n nunamnueckux (ACTPA-DOPM,
CEHCM, BHBP, JIHH)  pacueroB
BBICOKOTEMIIEPATYPHBIX  TPYOOIPOBOJOB C
y4eTOM TPEHUsI/OTPBIBA B OTIopax,
“3alMCTBOBaHHBIC” u3 AHAJOTUYHBIX
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Ipunoxenue 6

ACTPA-HOBA’2007 (20.04.2008)

ACTPA-HOBA’2009 (29.01.2009)

AITOPUTMOB  JUISi  HU3KOTEMIIEPATYPHBIX
TpyOOIPOBOIOB

JluHaMu9IecKue pacdeTs! MOJ3EMHBIX
TpyOOIIPOBOAOB HE NMPETYCMOTPEHBI.

Iporpamver ~ ACTPA-®OPM, CEHCM,
BUBP, /THH 1103BOJIIOT BBITOIHATH MOJIHBIN
UK JTIMHAMUYIECKUX (coOCTBEHHBIE
9aCTOThI/(POPMBEI, ceficMuieckue,
BUOpAIMOHHBIC, JIMHAMHYECKHE) PacUCTOB
TPyOOIIPOBOJIOB, COJNEPXKAIIUX IOJ3EMHBIC
y4acTku. Peann3zoBana HHK€HEpHAst METOIUKA
y4eTa/KOPPEKIUH  JKECTKOCTH  (PUKTHBHBIX
OTI0p, MOJICNUPYIOMINX B3aUMOJCHCTBHE C
TPYHTOM.

Bxmrouenne BO3MOKHOCTEH
(hopMHUpOBaHUSA W y4eTa MATPUUHBIX
CYIIEP3JIEMEHTOB (Kpeiira-
bemnTona)

— Bepu(UKaIHs, MOTHOLCHHOE MOAKIIOYCHHE
U YCOBEPLICHCTBOBAHHBINA IOJIb30BATEIBCKUH
uHTEepdeiic omuil GopMHUpoBaHHI W ydeTa

MaTPUYHBIX CyNEPAIEMEHTOB (Kpetira-
bemmnirona).
— (aitmpl ¢ MaTpULIAMH CYNEPIJTIEMEHTOB

BKIIFO4YeHBI B anp-npoexkt TC. Bo3MoxxHOCTH
IPOCMOTPa MaTpHLL.

— TI0OKa3aTeNbHBIN BepH(PUKAIIMOHHBIN IPUMED
(TecT) BKJIIOYEH B KOMILJIEKT IIOCTABKH.

Yrounennsiii pacuer MKD neraneit
TpyoonpoBonoB ACTPA-CTA/JHO.

PeanuszoBan Juis TOPILIEBBIX
Harpys3ox, COOTBETCTBYIOIINX
JTallaM  CTAaTHYECKOTO  pacydeTa
(CTALD)

Y TOYHEHHBIHI pacuer MKD JeTajgeH
tpyOompoBogoB ACTPA-CTAHO.

— pcalin30BaH Il TOPLCBBIX HAIPY30K,

COOTBETCTBYIOIIMX  dTallaM  CTaTHYECKOro
pacueta (CTAL]) m cefiCMHYECKOTO pacyera
(CEHCM, CITEKTPHI OTBeTa u
aKceneporpaMMBl).

— BO3MOXHOCTh BH3YyaJHW3allud HampsHKEHUH
Ha 1e(hOPMHUPOBAHHON MOJICITH.
—BU3yaJU3alMsl CEHCMUUYECKUX MepEeMEIeHUI
1 HalpsDKEHUH, COOTBETCTBYIOLIMX KaKIOH
YYUTBIBAEMOU COOCTBEHHO dopme
KoJICOaHUH TIPU pacueTe Ha CIIEKTPHI OTBETA.
— ¢QopmupoBanue Bumeoposuka (avi-¢aiin)
nis HIIC ot ceiicMoBO31eHCTBUSI, 3aIaHHOTO
aKCeJIeporpaMMoi.

— Kpatkuid order (Tabnuma) 1O OIICHKE
CTATHYECKOM, IMUKINYECKON M CEHCMHYCCKON
npounoctu (ITHAD I'-7-002-86).

—  OTHAEIbHBIA  IOJHOLUEHHBIA  JOKYMEHT

Mocksa, 2023
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ACTPA-HOBA’2007 (20.04.2008)

ACTPA-HOBA’2009 (29.01.2009)

“ACTPA-CTAJINO. Ceanc paboThl”, BXOJUT

B KOMIUIEKT TIOCTaBKU  MOJIbKO TS
nonb3oBareneir ACTPA-CTAINO.
Komnnekm nocmaeku. B xommnext | Komnaexkm nocmagxu. Habop

BXOJIUT 00s13aTeNbHBIN Habop
npejacTaBuTeNnbHBIX TecToB (TESTI,
TEST2, TESTS, TEST4),
HACTPOEHHBIX Ha BCE
MIPUOOpPETEHHBIE OTPACIIEBBIE BETBHU
K.

“00s13aTENbHBIX” TECTOBBIX 3aJay IMOMOJIHEH,
B TOM YHCJE, MOJCIBHONH TPyOOIpPOBOIHOMN
CUCTEMOW CpelHell pa3sMepHOCTH, HO CO
BCEMH  BO3MOXHBIMH  DJICMCHTAMH U
XapaKTEPHbIMUA TPUEMAMU  MOJICITUPOBAHUS
TC. Tlo »xenmanuro (3aka3y) IMOJIB30BATEIIO
MPEI0CTABIISAIOTCS TaKKe TECTBI Ha
BBICOKOTEMIIEpATypHbIE u MOJI3EMHBIE
TpyOOMPOBOIBI, MATPHUYHBIE CYMEPITEMEHTHI
u yrouneHHsd MK3-anamm3 neraneit TC
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Ipunoxenue 7

IIpnaoxenne 7. PykoBoacTBo nporpamMmucTa

II 7.1 Onmncanue popmara o6mMena nanubivu ¢ CAIIP

11 7.1.1 O01ue mojioKeHust
Pacuipenue daiina *.aef

BHUMAHUE! B d¢aiin Oyayr BHOCHTbCS HW3MEHEHHS U IOMOJHEHUS.
[NOCJIEAHAA MOAUDUKALIA ®OPMATA: 201511

@aiin oomena manHeiMH ¢ CAIIP mpencraBmseT coOoW TEKCTOBBIN (aiii,
COCTOSIIIIUN U3 CEKIUIL.

Kaxmprii smeMeHT KOHCTPYKIHUH TPYOOIpPOBOIA COACPKUTCS B OTIACITHHON
cexuuu. ITopsaok cnenoBaHus CEKLUI HE Ba)KEH.

Onucanve KaXIOH CEKIMM Ha4YMHAeTCsS C 3arojioBka. Ilociie 3arojioBKa
cienyeT uHpopManys o0 apaMeTpax dJIEeMeHTa.

Kaxxaprif HOBBIM mapameTp pacrojiaraercss B OTAEIbHOM cTpoke. Ilopsmox
CJIeIOBaHUS TMapaMeTpoB He BakeH. Eciau mapameTp NpomylieH, €ro 3HayeHHe
MPUHUMAETCS TI0 YMOJTYAHHIO.

[3AI'OJIOBOK_1]
Haspanue mapamerpa l=3Hauenue mapamerpa 1
Haspanue mapamerpa 2=3HaueHue mapamerpa 2

Ha3Banue napamerpa N1=3HaueHnue napamerpa N1
[3AT'OJIOBOK 2]

Haspanme mapamerpa |=3Hauenme mapamerpa |l
Hazpanue mnapamerpa 2=3HaueHHe napamerpa 2

Hazpanue mapamerpa N2=3HaueHue mapameTpa N2
[BATOJIOBOK_N]

I 7.1.2 JanHbie s BcexX 3jIeMeHTOB (MpsiMbie TPYObI, 0TBOABI-THObI,
apMaTypa, KOMIIEHCATOPbI, HEKOJIbI[eBbIe CeYeHHUs], ePexo/Ibl)
OHM 100aBISTIOTCS. B COOTBETCTBYIOMIYIO CEKIIUIO

TM=BemecTBeHHOE YHCIIO Temmeparypa MoHTaxa, rpag C
TX=BeuecTBeHHOE YK CIIO XomnoxHas TeMnepatypa, rpax C
TP=BemecTBeHHOE YHCIIO Pabouas Temmeparypa, rpag C
MAT='Ha3Banue marepuana’ HazBanme maTepuana
NMAT=Ilenoe uncio Howmep matepuana B BJ]
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P=BemecTBeHHOE YUCIIO

Pa6ouee nasienne, MIla

GAP=BeiiecTBEHHOE YHUCIIO

Honyckaemas ammutyaa HanpsbkeHuid, MlIla

NC=Llenoe yucio

Yucio nukios Harpyxenus PTM 38.001-94

ITH=Ilenoe ancmno

Homep TemnepatypHoil uctopuu

H ISO=BemectBennoe 4uciio

TonmuHa U30JISAIHH, MM

TYPE ISO=Ilenoe gucmo

Tun u3onsauun

0 —mer

1 - TIIY+II3

2 — monmepOeToH
3 — apMonieH00eTOH
4 — dUTYMIEpIUT

5 — OuTymMKepaM3uT

FIU=BemecTtBeHHOE YHCIIO

Koaddumment npoynocTy MomepeyHoro cBapHOro
CTBIKa

FI=BemiecTBeHHOE YHCIIO

Koa¢ddumment npounocTr MpogoIbHOTO CBapHOTO
CTBIKa

M_MAG=BemecTBeHHOE YUCIIO

KoadpdummenT padbots! TpydompoBoxaa (Tabmmma 1)
s CHull 2.05.06-85

_ KospoummenT Hage)KHOCTH 1O  MaTepHary
KI_MAG=Bemectsennoe aneno |50 0V g CHull 2.05.06-85
Kospopurmment HageXHOCTH 1O  MaTepHary

K2 MAG=BemiecTBeHHOE YHCIIO

(tabmuma 10) mast CHull 2.05.06-85

KN MAG=BemecTBeHHOE YUCIIO

KoadpdummenT nmo HazHageHnto TpyobomnpoBoaa
(tabmuua 11) s CHull 2.05.06-85

N_MAG=BeniecTBeHHOE YHCIO

KoadduineHT HaAeKHOCTH 110 HAarpy3Ke (Tadauma
13) nnst CHull 2.05.06-85

DGIDR=BerecTBeHHOE YHCIIO

Pa3HOCTh MeX/y yIeIbHBIMH BecaMH cpef, /M3

PGIDR=BertiecTBeHHOE YHCIIO

Hasnenue npu ucneitanuu, Mlla

TGIDR=BemiecTBeHHOE YUCIIO

Temnepartypa ucneitanuu, rpajg C

PD1=BerecTBeHHOE YHCIIO

Bennuuna nasneHus 1yig 1-ro IOMONTHUTETHEHOTO
pexxuma, MIla

PD2=BemectBeHHoe 4ncio

Benuuuna naBneHus 11 2-ro JONONTHUTEILHOTO
pexuma, Mlla

PD3=BemecTBeHnoe 4ucio

Bennuuna nasneHus 1yig 3-ro TOMOIHUTETHLHOTO
pexuma, Mlla

Temneparypa a1 1-ro OIIOJIHUTEJIEHOTO
TDI1=BelecTBeHHOE YHCIIO paTyp A A

pexxuma, rpag C

Temneparypa a9 2-TO OIIOJIHUTEJILHOT'O
TD2=BemecTBeHHOE YHCIIO patyp a A

pexxuma, rpag C

Temneparypa mns  3-r0  JIOHOJHUTEIHLHOTO

TD3=BemecTBEHHOE YHCIIO

pexxuma, rpag C

242

HUIL CtaluO




Ipunoxenue 7

I1 7.1.3 Cekunus “Ilpsamas Tpy6a” [PIPE]

X1=BeriecTBEHHOE YUCIIO

KoopaunaaTa X Hauama orpeska npsmot TpyOsr (0 —
10 YMOTYaHHIO), MM

Y 1=BelecTBEHHOE YUCIIO

KoopauaaTa Y Hauama orpeska npsmoit Tpyosr (0 —
10 YMOTYaHHIO), MM

Z1=BeriecTBeHHOE YHCIIO

Koopaunata Z Havana otpeska mpsimoit Tpyosr (0 —
10 YMOTYaHHIO), MM

X2=BelecTBEHHOE YUCIIO

KoopauaaTta X koHIIa oTpe3ka mpsmoit TpyOsr (0 —
10 YMOTYaHHIO), MM

Y?2=BemiecTBeHHOE YNCIIO

KoopauaaTta Y koHIIa oTpe3ka npssMoit TpyOsr (0 —
10 YMOJIYAHHIO), MM

Z2=BeriecTBeHHOE YHCIIO

KoopaunaTta Z koHIa otpe3ka npsmoi Tpyost (0 —
10 YMOJIYAHHMIO), MM

DH=BemiecTBeHHOE YHCIO

HapyxHbIii quaMeTp TpyOBI, MM

S=BemecTBeHHOE YHUCIIO

Tommmza cTeHKH TpyObl, MM

C1=BeliecTBEHHOE YHUCIIO

Hdonyck Ha yroHeHume cteHku TpyOsr (0 — mo
YMOTYAHHIO), MM

Q TR=BeuecTBeHHOE YUCIO

[MoronHuslii Bec Marepuaina Tpyosl, KH /M

Q PR=BemecTBeHHOE YHCIIO

[oronuslii Bec npoaykra, KH /M

Q ISO=BermecTBeHHOE YHCIIO

IToronusIii Bec n3onsmy, , KH /m

I1 7.1.4 Cekuus “OtBoa” [ELBOW)]

Koopmumnara X mHawana otBoga (0 — mo
X1=BemiecTBeHHOE YHCIIO P na

YMOJIYaHHUIO), MM

Koopaunara Y wnavama otBoma (0 — mo
Y 1=BeliecTBEHHOE YHCIIO PA na (

YMOJTYaHHUIO), MM

Koopaunara Z wHavama otBoma (0 — mo
Z1=BeriecTBeHHOE YHCIIO PA na (

YMOJIYaHHUIO), MM

Koopmunara X komma otBoga (0 — 1o
X2=BeliecTBEHHOE YHCIIO Pa T a (

YMOJIYaHHUIO), MM

Koopaunata Y «komma otsoma (0 — mo
Y2=BelecTBEHHOE YHCIIO pA H . (

YMOJTYaHHIO), MM

Koopmunata Z xonuma ortBoma (0 — mo

Z2=BeriecTBEeHHOE YNCII0

YMOITYaHHIO), MM

X3=BelecTBEHHOE THCI0 Koopaunata X cepenunbl orBoma (0 — mo
YMOJTYaHHIO), MM

Y 3=BelmecTBeHHOE YHCIO Koopaunata Y cepenunbl orBoma (0 — mo
YMOJTYaHHIO), MM
Koopnunata Z cepenunsl otBoma (0 — mo

Z3=BeriecTBeHHOE YNCII0

YMOJTYaHHIO), MM

R=BemecTBennoe uncio

Panuyc otBOsIa, MM

Mocksa, 2023
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DH=BemecTBeHHOE YHCIIO

HapyxHb1ii auameTp TpyOBI, MM

S=BerecTBeHHOE YHCIIO

TonmmHa cTeHKH TPyObl, MM

C1=BeliiecTBEHHOE YHUCIIO

Homyck Ha yToHEeHHe cTeHKH TpyOwr (0 — mo
YMOJYaHHIO), MM

Q TR=BemecTtBeHHOE YnCIO

[ToronHsIif Bec MaTepuana TpyOsl, KH /M

Q PR=BemniecTBeHHOE YHCIIO

[ToroHHsI Bec mpoaykTa, KH /M

Q ISO=BemecTBeHHOE YUCIIO

ITorousslii Bec 30Uy, , KH /M

I1 7.1.5 Cekums “Tpoiinuk” [TEE]

X1=BelecTBEHHOE YUCIIO

Koopamaata X nHagama maructpamu (0
YMOJTYAHHIO), MM

10

Y 1=BeliecTBeHHOE YUCIIO

Koopanaata Y nHawanma marumctpanu (0 — mo
YMOJTYAHHIO), MM

Z1=BeriecTBeHHOE YHCIIO

Koopnunara Z Hawana maructpamu (0 — mo
YMOJTYAHHIO), MM

X2=BelliecTBEHHOE YUCIIO

Koopaunata X konma maructpamu (0 — mo
YMOJTYAHHIO), MM

Y2=BeliiecTBEHHOE YUCIIO

Koopaunata Y konua maructpamu (0 — mo
YMOJIYaHHIO), MM

Z2=Be1ecTBeHHOE YHCIIO

Koopnunata Z xonna maructpanu (0 — mo
YMOJIYaHHIO), MM

X3=BemiecTBEHHOE YUCIIO

Koopmunata X Hayana mrynepa — TOYKa
MIEPECCUCHHUS OCEBBIX JIMHHH MAarucTpand |
mrynepa(0 — 1o yMoJI4aHuio), MM

Y3=BerecTBEHHOE YHCIIO

Koopnunata Y wnauwama mrynepa (0 — mo
YMOJTYaHHIO), MM

Z3=BermecTBeHHOE YNCIIO

Koopnunata Z wnauvama mryuepa (0 — 1o
YMOJTYaHHIO), MM

Y4=BerecTBEHHOE YHCIIO

X4=BellecTBeHHOE THC0 Koopmunata X xonma mrynepa (0 — mo
YMOJYaHHIO), MM
Koopnunata Y xonma mrymnepa (0 — 1o

YMOJTYaHHIO), MM

Z4=BerecTBEeHHOE YNCII0

Koopmunata Z xonuma mrymepa (0 — mo
YMOJIYaHHIO), MM

WEIGHT=BerecTBeHHo€e 4nciio

Bec Tpoiinuka, kH

DH=BemuiecTBeHHOE YHCIIO

Hapy»xHbiii iuamMeTp TpyObl MarucTpaim, MM

S=BemecTBeHHOE YHUCIIO

TonumHa cTeHKH TpyObl MarucTpaiy, MM

DHS=BemectBennoe uncio

HapyxHbiii iuameTp TpyOBI HITYLIEpa, MM

SS=BeecTBEHHOE YUCIIO

TonumHa cTeHkH TpyOBI HITYLIEpa, MM

I1 7.1.6 Cexkunst “Apmarypa” [ARMATURE]
| X1=BemecTBeHHOE YHCIIO Koopaunata X nauama apmarypsl (0 — mo |
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YMOJYaHUIO), MM

Y 1=BeiecTBEHHOE YUCIIO

Koopaunata Y nauama apmarypsr (0 — mo
YMOJYaHUIO ), MM

Z 1=BeI1iecTBEHHOE YHUCIIO

Koopannara Z navana apmarypsl (0 — no
YMOJYaHUIO ), MM

X2=BelecTBeHHOE THCI0 Koopnunata X xonmna apmarypsl (0 — mo
YMOJYaHUIO ), MM
Koopaunata Y konmna apmarypel (0 — mo

Y2=BelecTBEHHOE YUCIIO

YMOJYaHUIO ), MM

Z2=BeIecTBEHHOE YHUCIIO

Koopannata Z xonua apmarypsl (0 — 1o
YMOJYaHUIO ), MM

WEIGHT=BemecTrBeHHOE UHCI0O

Bec apmatypsl, kH

DH=BemecTBeHHOE YUCIIO

HapyxHblif anaMeTp NpPUCTHIKOBBIBAEGMBIX
TpyO, MM

I 7.1.7 Cekuus “HekoJbieBoe ceuenune” [NKOLC]

X1=BemiecTBEHHOE YHUCIIO

Koopmuaata X nHawama (0 — mo ymoirgaHwmio),
MM

Y 1=BeliiecTBEHHOE YHCIIO

Koopaunata Y nHavana (0 — mo ymoiT4aHuio),
MM

Z1=BeliecTBEHHOE YUCIIO

Koopannata Z Havyana (0 — mo yMoJI4aHHIO),MM

X2=BeliecTBEHHOE YHCIIO

Koopannata X konna (0 — mo yMo4aHHIO), MM

Y2=BelecTBEHHOE YHCIIO

Koopaunata Y xonna (0 — mo yMOI4aHHIO), MM

Z2=BelecTBEHHOE YUCIIO

Koopaunata Z xonna (0 — mo yMOJI9aHHIO), MM

AF=BemectBeHHoe 4ncio

IInomans ceuenus, M’

AJX=BemmecTBeHHO€E YNCIIO

MOMEHT BOKpYyT ocH X, M’

AJY=BemecTBenHoe ymciio

MOMEHT BOKpYT OcH Y, M’

AJP=BemmecTBeHHO€E YNCIIO

ITosispHBIA MOMEHT, M

AKX=BeriecTBeHHOE YHCIIO

Koaddunmenr cnsura Bosib ocu X

AKY=BeriecTBeHHOE YHCIIO

Koaddunument capura Bross ocu Y
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I1 7.1.8 Cekuns “Komnencarop” [COMPENSE]

X1=BermiecTBEHHOE YUCIIO

Koopmunata X nHavama (0 — mo ymoirganuio),
MM

Y 1=BeiiecTBeHHOE YUCIIO

Koopauuata Y nHawama (0 — mo ymoir4aHwuio),
MM

Z1=BeriecTBeHHOE YHCIIO

Koopaunata Z navana (0 — mo ymoiyaHuio),
MM

X2=BelliecTBEHHOE YUCIIO

Koopamuata X xorna (0 — mo yMOJI9aHUIO), MM

Y2=BeliiecTBEHHOE YUCIIO

Koopauaara Y konna (0 — mo yMoJI9aHHIO), MM

Z2=BerecTBeHHOE YNCII0

Koopaunata Z xonna (0 — no yMOJI4aHHIO), MM

K_COM=Llenoe yncio

Tun xomnencaropa

1 — oceBoi
2 — yrioBo

0 — xax npexne (6e3 pacuera HaNpsHKEHUH)

3 — cIBUrOBOIi 6€3 IPOMEKYTOYHOI BCTABKH
4 — cABUTOBOI1 ¢ IPOMEKYTOYHON BCTaBKOH

El=BemecTBennoe uuciao

BennunHa )ecTKoCTH Ha u3ru0, KH*M

GI=BemiecTBeHHOE YUCIIO

BennunHa xecTkocTH Ha KpydeHue, KH*m

EF=BemmecTBenHoe 9ncio

BennunHa KeCcTKOCTH Ha pacTspkenue, kH/m"2

GF=BemecTBeHnoe 4nucio

Bennunna )eCcTKoCTH Ha caBur, KH/M”"2

DA COM=BemiecTBEHHOE YHUCIIO

HapyxHblii iuameTp THOKOTo AJIeMEeHTa, MM

D COM=BemecTBeHHOE YHCIO

BHyTpeHHHMH 1raMeTp ruOKOro 3JeMeHTa, MM

S COM=BemecTBeHHOE YUCIIO

HomunanbHas TOJIIMHA ruOKOro 9JICMCHTA, MM

Q COM=BeuiecTBeHHOE YUCIIO

ar (mwmpuHa) rodpos, MM

N _COM-=llenoe uncno

Konngectso rogpos

I 7.1.9 Cekuns “Ilepexon” [REDUCER]

X1=BemiecTBeHHOE YHUCIIO

Koopaunata X #avana (0 — mo yMOI4aHHIO), MM

Y 1=BemecTBeHHOE YUCIIO

Koopannara Y mauana (0 — o yMoI4aHuio), MM

Z1=BemiecTBeHHOE YHCIIO

Koopannata Z nagana (0 — 1o yMOJT9aHUIO), MM

X2=BelliecTBEHHOE YUCIIO

KoopanaaTa X korna (0 — o yMoJI4aHHIO), MM

Y2=BeliiecTBEHHOE YUCIIO

KoopanaaTa Y korna (0 — mo yMoJI4aHHIO), MM

Z2=BeriecTBEHHOE YNCII0

Koopnunara Z konna (0 — mo yMoiI4aHuIo), MM

DI1=BemiecTBeHHOE YUCIIO

Hapy>xHbIil quaMeTp Havaua, MM

D2=BemiecTBEHHOE YUCIIO

Hapy>xHblii AuaMeTp KOHLIA, MM

S=BelecTBeHHOE YHCIO

TOJ'IHII/IHa CTCHKH, MM

C1=BelecTBEHHOE YHCIIO

Homyck Ha yroHeHHWe CTeHKH TpyOosl (0
YMOJTYaHHIO), MM

— o

WEIGHT=Bemecrsennoe
YUCIIO0

Bec nepexona, kH
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I1 7.1.10 Cexuns “Hecrannaptaas onopa” [OPOR_COMMON]

X1=BeriecTBEHHOE YUCIIO

Koopamnata X (0 — Mo yMOIYaHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

Koopaunara Y (0 — mo yMOJI4aHHUIO), MM

Z1=BermiecTBeHHOE YHCIIO

Koopaunara Z (0 — 1o yMOIYaHUIO), MM

XS1=BemecTBEHHOE YHCIIO

XKectkocTs B0 ocu X, KH/M

XS2=BemecTBeHHOE YHUCIIO

XKectkocTs B0 ocu Y, KH/M

XS3=BemecTBeHHOE YHUCIIO

’KectkocTh B0 Ocu Z, kH/M

AS1=BemecTBeHHOE YHUCIO

XKectkocts Bokpyr ocu X, kH*M

AS2=BemiecTBeHHOE YHUCIIO

XKectkocts Bokpyr ocu Y, kH*M

AS3=BemecTBeHHOE YHCIO

Kectkocts Bokpyr ocu Z, kKH*m

UNO1=BemecTBeHHOE YUCIIO

CoOcCTBeHHBIC JTHHEHHBIC TEPEMEIICHUS 110
ocu X, MM

UNO2=BemecTBeHHOE YUCIIO

CoOcTBeHHBIC THHEHHBIE TEPEMEIICHUS 110
oc Y, MM

UNO3=BemecTBeHHOE YUCIIO

CoOcTBeHHBIC THHEHHBIE TEPEMEIICHUS 110
ocH Z, MM

KTR1=BemecrBennoe 4uciio

Koad-T Tperns Bois ocu TpyOsI

KTR2=BemecTBeHHOE 4HCIIO

Koad-T Tpenns monepex ocu TpyObl

KXS3=Ilemoe uuncio

0 — mByCTOpOHHSS, | — OHOCTOPOHHSS OMOpa
(1o BepTHKaH)

KF=Ilenoe uncno

0 - rnobansuas CK, 1 — nokansuass CK

ANGLE=BemecrBeHHO€ 4nCIIO

Yron nosopora MCK, rpan

DESCRIPTION=CumBoibHas
CTpOKa

Onucanue OIIOPBI

I1 7.1.11 Cekuusi “MeptBasi onopa” [OPOR_DEAD]

X1=BelecTBEHHOE YUCIIO

KoopaunaaTa X (0 — 1mo yMoJI9aHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

KoopauaaTa Y (0 — mo yMoI4aHHIO), MM

Z1=BeliecTBEHHOE YUCIIO

Koopaunnata Z (0 — mo yMoJIYaHHUIO), MM

UNO1=BemecTBeHHOE YHCIIO

Jluneitnble nepeMenieHus o ocu X, MM

UNO2=BemecTBeHHOE YHCIIO

CoOcTBeHHBIC JIMHCHHBIC MEPEMEIICHUS 0
ocu Y, MM

UNO3=BemecTBeHHOE YHCIIO

CoOcTBeHHBIC JIMHCHHBIC MEPEMEIICHUS 10
ocH Z, MM

UNN 1=BemniecTBeHHOE YUCIO

CoOCTBeHHBIE  YTJIOBEIE  IIEPEMEUICHUS
BOKpYT ocH X, rpaj

UNN2=BemniecTBEeHHOE YUCIO

CoOCTBeHHBIE  YTJIOBEIE  IIEPEMEUICHUS
BOKpYT ocH Y, rpajg

UNN3=BemiecTBeHHOE YHCIIO

CoOCTBeHHBIE  YTJIOBEIE  IIEPEMELICHUS
BOKPYT OCH Z, Tpaj

DESCRIPTION=CumMBoJibHasi CTPOKa

OnurcaHue onopsl
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I 7.1.12 Cexuns “Henoasu:xuas onopa” [OPOR_STILL]

X1=BeriecTBEHHOE YUCIIO

KoopamaaTa X (0 — 1m0 yMOT9aHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

KoopamaaTa Y (0 — o yMOT9aHHI0), MM

Z1=BermiecTBeHHOE YHCIIO

Koopanaata Z (0 — mo yMOJI4aHHUIO), MM

UNO1=BemecTBeHHOE YHCIIO

CoOCTBEHHbIEC JTMHEWHBIE MEPEMEHICHUS T10
ocu X, MM

UNO2=BemecTBeHHOE YHCIIO

CoOcTBeHHBIC TUHEHHBIC MEPEMEIICHUS 110
ocH Y, MM

UNO3=BermiecTBeHHOE YHCIIO

CoOcTBeHHBIC THHEHHBIC MEPEMEIICHUS 10
ocHu Z, MM

DESCRIPTION=CuMBoJIbHas CTpOKa

Omnmcanue onopsl

1 7.1.13 Cekuns “Ckoan3simas onopa” [OPOR_SLIDE]

X1=BelecTBEHHOE YUCIIO

KoopmauaaTa X (0 — Mo yMOT9aHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

KoopmuaaTa Y (0 — Mo ymMOT9aHHIO), MM

Z1=BermiecTBeHHOE YHCIIO

Koopauaata Z (0 — mo yMoJI4aHHUIO), MM

UNO1=BemecTBeHHOE YHCIIO

CoOcTBEHHBIE JTUHEHHEBIC nepeMenicHusd

10 ocu X, MM

UNO2=BemecTBeHHOE YHCIIO

CoOCTBCHHBIC JIMHCHHBIC MEPEeMCICHUS
1Mo ocu Y, MM

UNO3=BerecTBEHHOE YNCIIO

CoOCTBCHHBIC JIMHCHHBIC MEPEeMCIICHUS
o ocu Z, MM

KTR1=BemniecrBennoe 4uciio

Koad-T Tpenust Bois ocu TpyOb!

KTR2=BeriecTBEeHHOE YHCIIO

Koad-T Tpenust momepex ocu TpyObl

DESCRIPTION=CuMBoIIbHas CTPOKa

Omnmcanne onopsl
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I1 7.1.14 Cexuusi “Hanpasasiiomas onopa” [OPOR_COURSE]

X1=BeriecTBEHHOE YUCIIO

KoopamaaTa X (0 — o yMOT9aHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

KoopanaaTa Y (0 — mo yMosI4aHuio), MM

Z 1=BeriecTBEeHHOE YUCIO

Koopaunata Z (0 — mo yMOI9aHHIO), MM

UNO1=BemecTBeHHOE YUCIIO

CoOcTBeHHbBIE JTHHEHHEIE NepeMEeIICHUA IO OCHU

X, MM

UNO2=BemecTBeHHOE YHCIIO

CoOcTBeHHBIE JTHHEHHEIE nepeMelICHU IO OCU

Y, MM

UNO3=BermiecTBeHHOE YHCIIO

CoOcTBeHHBIE JTHHEHHBIE TTEPEMEIICHHUS 110 OCH

Z, MM

KTR1=BemecrBennoe 4uciio

Koad-T Tpenust B1oas ocu TpyObl

KTR2=BemecTBeHHOE 4HCIIO

Koad-T Tpenust momepex ocu TpyObl

DESCRIPTION=CumBojbHas
CTpOKa

Omnmcanue omopel

I1 7.1.15 Cexuns “IIpy;kunnas noasecka” [PRUG]

X1=BelecTBEHHOE YUCIIO

Koopmuaata X (0 — mo ymMOT9aHHI0), MM

Y 1=BeliecTBEHHOE YUCIIO

KoopmuaaTa Y (0 — Mo ymMOT9aHHI0), MM

Z1=BemiecTBeHHOE YHCIIO

KoopaunaaTa Z (0 — mo yMoI4aHHUIO), MM

UK=BemecTBeHHOE YHCIIO

XKectkocts nienn, kH/mM

PU=BemecTBeHHOE YHCIO

Pabouas Harpyska, kH

UN=Ilenmoe guciao

KomnuectBo T

UL=BeriecTBeHHOE YUCIIO

I[J'H/IHa IIOJABCCKH, MM

UNO3=BemecTBeHHOE YHCIIO

JIuneiinble nepeMenieHs o ocu Z, MM

SORT=Ilenoe uncio

Copramenr npyxuH 0 — OCT,
1-MBH,

2 — “crennpy>XuHbI",

3 — NOCTOSIHHOTO YCHJIHSA,

4 — monp3oBaTeNs

KNAGR=BerecTrBeHHOE YHCIIO

Koaddunuent 3anaca no Harpyske

DNAGR=BerecTBeHHOE YUCIIO

V3MeHeHne Harpy3KH Ha NPY>KHHY

BETAL=BemiecTBeHHOE YHCIIO

KoadppummenT nuHeHOTO pacIupeHns
MaTepHaia “CrernpyXHHbl IPH
paboueil TemnepaType

BETAX=BemiecTBenHoe 4nciio

KoaddurmeHT THHEHHOTO PaCIIHPEHHS
MaTepHaia “CrennpyXHHbl IPH
XOJIOJHOM TemMneparype

TLT=BewecTBeHHOE YUCIIO

Pabouast Temneparypa “criennpyxuHbl”,
rpan C

TLG=BeluecTBeHHOE YUCIIO

Temmnepatypa “criennpyKuHbl” IPH
ucnpiTanusx, rpang C

GUOP=BelecTBEHHOE YHUCIIO

Mounynb casura Marepuaia
“cCHennpyXUHbI” B pab04eM COCTOSHUH,
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MlIla

Mopnynb casura Marepuaina
GUOX=BelecTBEHHOE YUCIIO “CHenrpyXUHbI” B XOJIOJIHOM COCTOSIHUH,
MlIla

DESCRIPTION=CuMBosbHas CTpOKa OmnucaHue onopsl

11 7.1.16 Cexuus “IIpy:xkunnas onopa” [SPRING_SUPPORT]

X1=BemecTBeHHOE YHCIIO0 KoopamaaTa X (0 — o yMOT9aHHIO), MM
Y 1=BemecTBeHHOE YHCIIO0 Koopaunara Y (0 — mo yMOJIYaHHUIO), MM
Z 1=BemiecTBeHHOE YHCIIO Koopannata Z (0 — mo yMOJI4aHHUIO), MM
UK=BerecTBeHHOE YNCIIO KecrxocTs nenu, kH/m
PU=BemecTBeHHOE YnCIO Pabouas marpyska, kH

UN=Ilenoe ancno KommuecTBo a1

UL=BemiecTBeHHOE YHCIIO JImrHAa MOIBECKH, MM
UNO1=BemecTBeHHOE YHCIIO JluHelHbIe TepeMelIeHuUs T0 0CH X, MM
UNO2=BemecTBeHHOE YHCIIO JluHelHbIe TIepeMelIeHns 10 OcH Y, MM
UNO3=BemecTBeHHOE YHCIIO JluneiiHble nepeMenieHts o ocu Z, MM

CopTraMeHT npyKHH

5165 — OCT 24.125.165-01,
5275 - OCT 108.275.69-80,
5010 — monp3oBaTens

SORT=Ilenoe uncmno

KNAGR=Bemectsennoe uucio KoaddunumenT 3amaca no Harpyske
DNAGR=BemiectBeHHO€ UuCio V3MeHeHNe Harpy3Ku Ha NPYXHUHY
KTR1=BemectBenHoe yucio Koad-t Tpenust BIoab ocu TpyObl
KTR2=BemiectBeHHoe 4yucio Koad-t TpeHust monepek ocu TpyObl

DESCRIPTION=CuMBoIbHas CTpOKa Omnmcanue omopel
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I 7.1.17 Cexuns “’Kecrkas nogsecka” [PODVESK]

X1=BemiecTBeHHOE YUCIIO

Koopmunara X (0 — mo ymMor4anuio), MM

Y 1=BeliiecTBEHHOE YHCIIO

KoopamaaTta Y (0 — mo ymMOI4aHuio), MM

Z1=BerecTBeHHOE YHCIIO

Koopaunara Z (0 — 1o yMOTYaHHUIO), MM

UL=BemecTBeHHOE YHCIIO

I[J'II/IHa IIOABCCKH, MM

DESCRIPTION=CumMBonsHas
CTpOKa

Onucanue OIIOPBI

IT1 7.1.18 Cekuus “Amoptuzarop” [AMORT]

X1=BeliiecTBEHHOE YUCIIO

KoopanaaTa X (0 — mo yMoJI4aHuIo), MM

Y 1=BeliiecTBEHHOE YHCIIO

KoopanaaTa Y (0 — mo yMoJI4aHuIo), MM

Z1=BerecTBeHHOE YNCIIO

Koopaunara Z (0 — mo yMosr4aHuio), MM

XS1=BemecTBeHHOE YHUCIO

JKectkocTs Bronb ocu X, kH/m

XS2=BemiecTBeHHOE YHUCIIO

JKectkocTs Bronb ocu Y, kH/m

XS3=BemecTBeHHOE YHUCIIO

JKectkocTh BIonb ocu Z, kH/m

PAM=BemmecTBeHHOE YHCIIO

I'py3onoasemMHocTh, KH

KF=Ilemoe aucmao

0 - rmo6anpHas CK, 1 — noxanpnas CK

DESCRIPTION=CumBoibHas
CTpOKa

Onucanue onopsl

IT 7.1.19 Cekuusn “Cocpenorouennasi cuia” POWER]

X1=BemiecTBeHHOE YHUCIIO

Koopaunata X (0 — mo ymMoI4aHHIo), MM

Y 1=BemecTBeHHOE YUCIIO

Koopaunata Y (0 — mo ymMoI4aHuio), MM

Z1=BemiecTBeHHOE YHCIO

Koopamnata Z (0 — mo yMOJT9aHHUIO), MM

P1=BermecTtBeHHO€E YHCIIO

CocpenotoueHnas cuia mo ocu X1, kH

P2=BerecTBeHHOE YHCIIO

CocpenoTtodyeHnas cuia mo ocu X2, kH

P3=BerecTBeHHOE YHCIIO

CocpenotoueHnas cuia mo ocu X3, kH

M 1=BeliiecTBEHHOE YUCIIO

CocpeoToueHHbIi MOMEHT BOKpyT ocu X1, kH/m

M2=BeliiecTBEHHOE YUCIIO

CocpeoToueHHbI MOMEHT BOKpYT ocu X2, kH/m

M3=BertiecTBEHHOE YHCIIO

CocpeoToueHHbIH MOMEHT BOKpYT ocu X3, kH/m

1 7.1.20 Cexuns “duume / Kpbimka” [CAP]

X1=BeriecTBEHHOE YUCIIO

KoopmuaaTa X (0 — mo yMOT9aHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

KoopmuaaTa Y (0 — mo ymMOT9aHHI0), MM

Z1=BeriecTBeHHOE YHCIO

Koopaunata Z (0 — mo yMoJT4aHHI0), MM

Mocksa, 2023
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II 7.2 Onncanne oTKPBITHIX (P OPMATOB (PANIIOB ¢ Pe3yJIbTATAMH PACYETOB

11 7.2.1 O01ue mojaoxKeHust

B nacrosmeit Bepcun [IK ACTPA-HOBA B otkpbiToM (hopMate TOCTYITHBI
CIIEYIOIINE Pe3ybTaThl pacyera:

— mepeMenieHus (MM, paj);

— ycwmms B mokansHOU CK (cmina, kH; moment, kH-m);

— Hanpspkenus (MI1a).

Pe3ynbTaTsl BRIBOAATCS:

— JUTS CTATHYECKOro pacyeTa JJIsl BCeX CEYEeHHI IO dTaraM paciera;

— JUT ceificMM4ecKOro BO3ACHCTBHUS B BUE aKCEIEPOTPAMMBI 3eMIIETPSCEHNUS
Kak (DyHKIMS IO BPEMEHH, a JUIS CIIEKTPa OTBETOB, KaK (DYHKITHS 9aCTOTBHI,

— JUI IMHAMHUYECKOro pacueTa Kak (pyHKIUS 110 BpeMEHH

JlanHast uHpOpMamMs MOXXeT OBITh HCIONB30BaHA B JalbHEHIIEM IS
HOCTPOCHHS rPaduKOB C IOMOIIBIO TAKUX Mporpamm, kKak MS EXcel u aHaTornyHbIX.

JlaHHBIE pe3yNbTaThl AKCIIOPTUPYIOTCS B TEKCTOBBIE (hailiIbl (C paciIupeHreM
txt) mpu BeIOOpe MyHKTa DKCIIOPT pe3ynpTaToB B MeHI0 PesynsTatel (IIOCT-CTAL]) .1
pacroyiararoTcsi B BBIOpaHHOM I0JIb30BATENIEM TAlKe.

Hna ITIOCT-CTAL]

daiinel nepemerennii umeroT HazBauus displace_X.ixt, rme X — nopsiikoBbrii
HOMeEp 3Tara.

®aitner yewnmit umeror HasBanms force X.ixt, rme X — mopsakoBblii HOMep
JTarma.

@aiinel HanpspKeHM UMEroT Ha3zBaHUs Stress_X_Y.txt, roe X — mopsaKoBEIi
HOMeEp dTamna, Y — HOPSIKOBBI HOMEP TPYIIIBI HAITPSKEHIH.

Jlns [TOCT-CEMCM na3Banus Baiios ciemyomnme
seism_displace.txt — st nepemerenmii
seism_force.txt — anst ycunmmit

seism_stress.txt — st HanpsoKeHU#H

Jost [TOCT-JIVH na3Banus (aiiiioB CICAyIONIHE
dyn_displace.txt — s mepemerenmit

dyn_force.txt — mis yeunmit
dyn_stress.txt wis HanpsHoKEHHH
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1 7.2.2 ®aiin nepementennii IOCT-CTAIL displace_X.txt

Jl7s Bcelt CUCTEMBI:
Homep sepcuu npozpammut (nanpumep, 201104) — yenoe uucio
Haszeanue smana, 01 Komopo2o 8bl0ar0mcsi nepemewyeruss — mekCcmoseas CmpoKka
Konuuecmeo yuacmkoe — yenoe uucino

JUis kaXIoro yyacTka:
Ilopsaokoewtit Homep yuacmka — yeioe Yuco
Homep nauana ywacmka — yenoe 4ucio
Homep konya yuacmka — yenoe 4ucio
Konuuecmeo cewenuit™ na yuacmke, 0151 KOMOPLIX 6bIGOOAMCS NepeMeujerus: —
yenoe Yucino

Mo xonmuecTBY ceYeHUiT™ BRIBOAATCS CTPOKH, COJIEpIKaIlIne:
Ilopsaokoestii Homep cmMpPoKU — yenoe Yucio
Homep ceuenusa — yenoe yucio
Juneiinvie nepemewenus no X1 (mm) — sewgecmeennoe 4ucio
Juneiinvie nepemewenus no X2 (mMm) — seujecmeeHnoe 4ucio
Juneiinvie nepemewenus no X3 (mMm) — seujecmeennoe 4iucio
Yenoevie nepemewyenusn soxpye X1 (pao) — sewgecmeennoe uucio
Yenoevie nepemewgenun eokpye X2 (pao) — eewgecmeennoe wucio
Yenoevie nepemewenusn 6oxpyz X3 (pao) — eewecmsennoe uucno

*Ecnu comeprkarcst 1B€ CTPOKH C OJJMHAKOBBIM HOMEPOM CEUEHHS, TO IIEpBasi CTPOKa
COJICPKHT JaHHBIE TSl CEPEeIUHBI OTBOJA, BTOpasi U KOHIIA

I 7.2.3 ®aiin yeuwsmmit IOCT-CTAIL force_X.txt

Jlns Bcel cuctemsl:
Homep sepcuu npozpammot (nanpumep, 201104) — yenoe uucio
Haszeanue smana, 01151 KOmopo2o 8blOAMCSL YCUNUSL 8 MECIHOU CUcmeMe KOOPOUHAM
Konuuecmeo yuacmkos — yenoe uucno

J1st KaXkJ1oro y4acTka
Ilopsaokoewiit Homep yuacmka — yeioe Yucuo
Homep nauana ywacmka — yenoe 4ucio
Homep konya yuacmka — yenoe 4ucio
Konuuecmeo ceuenuil na yuacmee, 015 KOMOPbIX Gbl8OOANCA Y CUNUSL

Ilo xosn4yecTBY CEUEHUI BBIBOJSTCS CTPOKHU, COAEpIKAILNE:
Ilopsaokoestii HOmep cmpPoKU — yenoe YUcio
Homep ceuenun — yenoe uucno
Cuna no ocu X1’ (kH) — sewjecmeennoe uucio
Cuna no ocu X2’ (kH) — sewjecmeennoe uucio
Cuna no ocu X3’ (kH) — sewjecmeennoe uucio
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Momenm eoxpyz ocu X1’ (kH*m) — eewgecmeenioe uucio
Momenm eoxpyz ocu X2’ (kH*m) — eewgecmeenioe uucio
Momenm eokpyz ocu X3’ (kH*m) — gewgecmeenmoe uucio
Eciu comepskarcsi 1Be CTPOKH C OJMTHAKOBBIM HOMEPOM CEUCHUS, TO IepBas
CTpOKa COJEPIKUT JaHHBIC JJIs CEPEIUHBI OTBOJIA, BTOpast Is KOHIIA

I 7.2.4 ®aiin nanpsokennii IOCT-CTALL stress_X_Y.txt
Jlns1 Bceit cucteMsl:
Howmep sepcuu npozpammut (nanpumep, 201104) — yenoe uucio
Haszeanue smana (u zpynnot), 015 KOMopo2o 8blOAIOMCS HANPANCEHUS — MEKCMO8As
cmpoKa
Konuuecmeo yuacmkoe — yenoe yucio
JIis KaskKAoro cymnepajaeMeHTa-yqacTKa!
Ilopsaokoewtii Homep yuacmika — yenoe Yucio
Homep nauana yuacmka — yenoe 4ucio
Homep konuya yuacmxka — yenoe 4ucno
Konuuecmeo ceuenuii na yuacmke, 013 KOMOPHIX 8bl800AMCA HANPANCCHUA — Yeloe
uucno
[To xonmyecTBY CeYEeHUH BBIBOJSTCS CTPOKH, COAEpIKAIIHE:
Ilopsaokoestii Homep cmpoKu — yenoe Yucio
Homep ceuenusn — yenoe yucio
Pacuemnoe nanpaxicenue (Mlla) — sewgecmsennoe uucno
Honyckaemoe nanpscenue (MIla) — eewjecmeennoe uucio
Ecnu coneprkarcst 1BE CTPOKH C OAWHAKOBBIM HOMEPOM CEUCHHS, TO HepBast
CTPOKa COJIEPKUT JaHHBIE JUISl CEPEUHBI OTBOJA, BTOPAst ISl KOHIIA.

II 7.2.5 ®aiia nepememennii IOCT-CEACM
JJ1s1 BLIOPaHHOI TOYKM JJISI KasKA0T0 PACYETHOr0 BO3AelcTBUS
BbIIaéTCSl 3 CTPOKHU
Pe3ynbTatsl ceiicmuueckoro pacuyera. Boszaeiictue N
Ha3zBanue npoexra
Mepemennennsi B ceuennn N yuacrok Ne M (K - L)
[lo xommyecTBYy TOYEK 1O BpEeMEHH (YacCTOTE) BBIBOMIATCS CTPOKH,
coZIeprKaIlye:
Ilopsaokoeslit HOMEp MOYUKU RO 8PEMERU — YeN0e YUCTLO
3nauenue epemenu, cex (vacmomut, I'y)
Juneiinole nepemewsenun no X1 (Mm) — eewgecmsennoe uucio
Juneiinvle nepemewienus no X2 (Mm) — 6eujecmsennoe Yuco
Juneiinole nepemewienus no X3 (Mm) — 6eujecmseennoe Yuco
Yenoevie nepemewenusn eoxpyz X1 (pao) — eewgecmsennoe uucno
Yenoevie nepemewgenun eokpyz X2 (pao) — eewgecmaennoe 4ucio
Yenoevie nepemewenun eokpyz X3 (pao) — eewgecmaennoe 4ucio

I 7.2.6 ®aiin yeusmii IOCT-CEACM
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TIpunoxenue 7

JJ1s1 BLIOPaHHOM TOYKM JJISI KasKA0T0 PACYETHOr0 BO3AelcTBUS
BbIIAéTCSl 3 CTPOKHU
Pe3ynbTatsl ceiicmuueckoro pacuyera. Bosneiictrue N
HaszBaHue npoekra
Yeunmust B cedennn N yuactok Ne M (K - L)
I[lo konuyecTBY TOYEK IO BpPEMEHH (4YacTOTE) BBIBOISATCS
coZIepIKaIye:
Ilopsaodkoestit HOMep MOYUKU NO 8PEMERU — YeN0e YUCTO
3nauenue epemenu, cex (wacmomut, I'y)
Cuna no ocu X1’ (kH) — sewjecmeennoe uucio
Cuna no ocu X2’ (kH) — sewjecmeennoe uucio
Cuna no ocu X3’ (kH) — sewecmeenmoe uucio
Momenm eoxpyz ocu X1’ (kH*m) — eewgecmeenioe uucno
Momenm eoxpyz ocu X2’ (kH*m) — eewgecmeenoe uucio
Momenm eokpyz ocu X3’ (kH*m) — sewgecmeenmoe uucio

II 7.2.7 ®aiin nanpsukennii IOCT-CEMCM
st BLIOpAHHO# TOYKH 1151 KAXK/I0T0 PACYETHOr0 BO3AeiiCTBHUS
BBIIAETCS 3 CTPOKH
Pe3ynbTatsl ceiicmuueckoro pacuyera. Bosneiicteue N
HasBanue npoexra
Hanpsizkenust B cedennu N yuacrok Ne M (K - L)
IMo KoMWYeCTBY TOYEK IO BPEMEHH (J4acTOTE) BBIBOISTCS
CoJIepIKaIIHe:
Ilopsaokoestii HOMep MOUKU O pEeMeHU — Yeloe YUCTO
3uauenue epemenu, cex (wacmomut, I'y)
Pacuemnoe nanpsxncenue (MIla) — sewecmeenmnoe uucio
Jonyckaemoe nanpascenue (MIla) — sewecmeennoe uucio
Pacuemnoe nanpscenue (MIla) — sewyecmsennoe uucino
Jonyckaemoe nanpacenue (MIla) — sewjecmeennoe uucio

11 7.2.8 ®aiia nepememenuii IOCT-IUH

B 3aroJsioBke ¢aiina Beigaérest 3 cTpoku

Pe3yabTaThl ceiicMuueckoro pacuera. Bozaeiicteue N

HasBanue npoexra

Iepememennsi B ceuennn N yuacrok Ne M (K - L)

Mo KOJNMYECTBY TOYEK IT0 BPEMEHH BBIBOMSATCS CTPOKH, COMIEPIKAIIIHE:
Tlopaokoewlii HOMEP MOUKU RO 6PEMEHU — Yeloe HUCILO
3nauenue spemenu, cex
Juneiinole nepemewienun no X1 (mMm) — eewgecmsennoe uucno
Juneiinvie nepemewienus no X2 (mMm) — seujecmeennoe 4iucio
Juneiinvie nepemewienus no X3 (mMm) — seujecmeennoe 4iucio
Yenoevie nepemewgenusn soxpye X1 (pao) — sewgecmeennoe wucio
Yenoevie nepemewgenun eokpye X2 (pao) — eewgecmeennoe wucio
Yenoevie nepemewgenun sokpye X3 (pao) — eewgecmeennoe wucio
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I 7.2.9 ®aiin yennmii IOCT- AUH
B 3aroJioBke ¢aiina Beigaércs 3 cTpoKu
Pe3ynbTatsl ceiicmuueckoro pacuyera. Bosaeiictue N
Ha3zBanue npoekra
Yeunns B ceuennn N yuacrok Ne M (K - L)
I[lo xojM4yecTBY TOYEK MO BpEeMEHH (YacTOTE) BBIBOAATCS CTPOKH,
Co/IepIKaIIHe:
IlopsaoKoeslit HOMEP MOYUKU RO 6PEMERU — YeN0e YUCTLO
3nauenue spemenu, cex
Cuna no ocu X1’ (kH) — eewgecmsennoe uucio
Cuna no ocu X2’ (kH) — sewecmeenmnoe uucio
Cuna no ocu X3’ (kH) — sewecmeenmoe uucio
Momenm eoxpyz ocu X1’ (kH*m) — eewgecmeenioe uucio
Momenm eokpyz ocu X2’ (kH*m) — sewgecmeenmoe uucio
Momenm eokpyz ocu X3’ (kH*m) — sewgecmeenmoe uucio

I 7.2.10 ®aiin nanpsixenuii IOCT-AUH

B 3aroJioBke ¢aiina Bolgaércs 3 cTpoKku

Pe3ynbTatsl ceiicmuyeckoro pacuera. Bozaeiicteue N

HasBanue npoexra

Hanpsizkenus B cedennu N yuacrok Ne M (K - L)

ITo KOIMYECTBY TOUYCK II0 BPEMEHH BBIBOISITCS CTPOKH, COZICpIKALIIHNE:
Ilopsaokoewtii HOMep MOUKU nO pEeMeHU — Yeloe YUCTO
3nauenue epemenu, cex
Pacuemnoe nanpsncenue (MIla) — sewecmeenmoe uucio
Jonyckaemoe nanpsascenue (MIla) — sewecmeennoe uucio
Pacuemnoe nanpsxncenue (MIla) — sewecmeenmnoe uucio
Jonyckaemoe nanpscenue (MIla) — sewjecmeennoe uucio
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Ipunoxenue 4

I1 7.3 Onucanue popmaTa daiiyia ¢ MATPHIAMH KeCTKOCTH, MacC H HArPy30K
cynep3jieMeHTOB

I1 7.3.1 O6uue mo10:xkeHust

B nacrosimeit Bepcun 1K ACTPA-HOBA B OTKpHITOM TEKCTOBOM (popmare
JOCTYHnHBl (mpu w®X ¢GopMuUpoBaHUM B pexuMme “DopmMupoBaHHE MaTPHYHBIX
CYIepAIIEMEHTOB ) CIIEYIOIINE MAaTPHIIBI BIUSHHUS:

— MAaTpULbI )KECTKOCTH K | ms Beex sranos cratuueckoro pacuera (ACTPA-
CTAL)
— BEKTOpa Harpys3ok {P} JUIsl BceX 3TanoB cratmdyeckoro pacuera (ACTPA-

CTAILl)

— Marpuna macc (mHeprn) Ommoka! O0beKT He MOKeT OBITh CO3AaH W3
KO/J0B MoJieii pelakTHPOBAaHMA. U pacueTa coOCTBEHHBIX YacToT u Gopm (ACTPA-
DOPM)

Brimena3zBanHbIe MaTpHUIIBI pacronararoTcs B TIPOU3BOJIEHOM
MOCTIeIOBATEIbHOCTH B (hailiie, Ha3BaHHWE M TOJIOKEHHE KOTOPOTO SBHO YKAa3bIBaeTCs
MOJIb30BaTeNIEM B OKHE “@OpMUPOBaHNE MATPUIHBIX CYNEPITEMEHTOR .

JlaHHbIe B TipesiesiaX CTPOKH pa3JielieHbl TPOU3BOJILHBIM YHCIOM POOEIIOB.

I 7.3.2 MaTpuuna :KecTKOCTH

Jnst kaxgoro oaTama crtatuueckoro pacuera (-CTALl) w pans  pacyeta
coOcTBEeHHBIX 4acToT U opm (-@OPM):

2.1. nepsas cmpoxa (yxa3arelb-pa3/iennuTeb)

1 — npusnax mampuypl neecmrxocmu — yenoe 4ucio,

Homep 3mana, 013 KOmMopozo copmuposana mampuya — yeioe HOLOHCUMENTbHOE
qucno;

Yucno cmpok-cmonoyos (cmeneneii c60600bl) Mampuybl — yenoe NoioNCUMeNbHOe
yucno;

Yucno cmpok, komopoe 3anumaiom 6 ¢haiine KoIhpuuyuenmovr mampuyvt — yeioe
NOA0AHCUMENLHOE YUCTIO.

2.2. cmpoxu (3alaHHOE YHUCIO — CM. BBIIE) ¢ KOA(h(GUIIMCHTAMH BEPXHETO
“tpeyronpHuka” MaTpuiel Omuodka! O0beKT He MOKeT ObITH CO3JaH U3 KOHOB
noJjeii perakTupopanus. (cM. 1.4.13)

Koagpghuyuenmuort mampuyvl — oeiicmeumenvhvie 4ucia 080UHOU MOYHOCMUY, HAYNHAS C
NIepBOH CTPOKH U TUarOHAJILHBIX YWICHOB.

IT1 7.3.3 BekTOop Harpy3sku

st kaxxmoro sTama cratndeckoro pacyera (-CTAILL):

3.1. nepsasa cmpoxa (ykazaTenb-pa3aeTuTehb)
3 — npusHnak eéekmopa Hazpy3Ku — yenoe Yucio,
Homep smana, 0na Komopozo cghopmuposar 6ekmop — yeaoe noIo#CUmenbHoe YUcio,
Yucno korghuyuenmos eekmopa — yeioe nonoICUmMensHoe YUcio,
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Yucno cmpok, Komopoe 3anumarom é ¢paiine Korpgpuyuenmol eexmopa — yenoe
Nnoa0HCUMENbHOE YUCTO.

3.2. cmpoxu (3a]aHHOE YKCIIO — CM. BBILIE) C KOA(PHULUEHTAMU BEKTOpa {lﬁ }:

Koagppuyuenmor eexmopa — Oeiicmsumenvhvie 4ucia 08OUHOU MOYHOCHIU,
HaAYMHasl ¢ IepBOTo (TIEPBOM CTEIIEHH CBOOOIBI /IS IEPBOTO CTHIKOBOYHOT'O y371a).

I 7.3.4 Matpuna macc (MHepIuH)

st pacuera coOOCTBEHHBIX 4acToT U popM (-POPM):

4.1. nepsas cmpoxa (yKa3arellb-pa3/ielIuTeb)

2 — npusnaxk mampuysl macc (UHepYUU) — yenoe Yucio,

Homep smana, 01 KOmMopozo c@hopmMuposana mampuya — yenoe Noa0HCUMenbHoe
qucio;

Yucno cmpok-cmonoyos (cmeneneii c60600bt) MamMpuybl — Yenoe NONOACUMENbHOE
uuCcno;

Yucno cmpok, Komopoe 3anumaiom KoIhppuyuenmol mampuyvt — yeioe
NON0JICUMENbHOE YUCTO.

4.2. cmpoku (3alaHHOE YUCIIO — CM. BBIINE) ¢ KOI(D(UIMCHTAMH BEPXHETO
“TpeyronpHuka” MaTpuilel Ommoka! O0beKT He MOXKeT OBITH CO3JaH U3 KOAOB
noJieil peqakrTupoBanus.(cM. 11.4.13)

Kosghpuyuenmuvt mampuyspl — oeiicmeumenvhvie Yucia 080UHOU MOYHOCMU, HAYWHAS C
TIEPBOW CTPOKH U TUarOHAJIbHBIX YJICHOB.

[lanee, npu y4dere BHyTpeHHHX CTerleHel cBo0ob! ((hopM KoeGaHmit)

4.3. cmpoka (ykazatenb-pa3ieiuTeb)
20 — npusnak “oononnumenvroi’” mampuyvl macc (UHEpUUN) — yenoe YUcio;
Yucno enympennux cmeneneii c60600vt (popm Konebanuit), c yuemom Komopwix
chopmuposana “Oonornumenvras’” Mampuya — yenoe nOJ0NCUMENbHOEe YUCTO),
Yucno cmpok (cmeneneii c606006t) mampuyst Omudka! O0ObeKT He MOXKET ObITh
€03/1aH U3 KOJO0B MoJeli peaKTUPOBAHMSA. — yeloe NOA0HCUMENbHOE YUCIO;

Yucno cmpok, Komopoe 3anumaiom KoIpuuyuenmer mampuysl — yeioe
NOLOACUMENLHOE YUCTO.
4.4. cmpoxu (3amaHHOE 4YHCIO — CM. BBIIE) C KO3 GUIMESHTAMH

“IOMONHUTENBHON MaTPHULIBI

Kosygppuyuenmor mampuyot — Ooelicmeumenvhvle uucia 08OUHOU MOYHOCMU, CHAYAIA
crosn6busl Marpuisl Omuoka! O0beKT He MOXKeT OBITH CO31aH M3 KO/AOB MOJei
peAaKkTHpoBaHusl., 3aTeM — Kod3(dduimentsr, papaple Ommuoka! O0beKT He MOMKET
ObITH CO3IAaH U3 KOJAOB moJieil perakTupoBanusa./Omuéka! O0beKT He MOKET ObITh
€031aH M3 KOAOB moJeii pegaktupoBanus. (cM. m. 4.13) — BenwuwHbI, 00OpaTHBIC
KBaJpaTraM COOCTBEHHBIX YaCTOT.
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IIpunoxenue 4

MaTpuna *kecTKOCTH
(3ram 2, 18 cTpok-cT0J10110B MaTpulbl, 29 cTPOK B (aiiiie)

1 2 18 29

4.4580340D+02 -9.2164560D+01 -1.0195210D+00 8.1274931D+01 4.0623467D+02 2.4225930D+01
-2.3248192D+02 1.4690945D+01 -9.2637750D+00 -1.8329267D+01 -2.0625217D+02 4.3010978D+01
-2.1339778D+02 7.7474475D+01 1.0290716D+01 -8.3528256D+01 -1.8350784D+02 -2.8031904D+02
1.6181786D+02 -4.3155319D+00 -1.4560160D+02 -8.7802703D+01 -1.7296367D+02 -1.4690945D+01
3.9253352D+01 -1.7924371D+00 -3.2552021D+01 -9.8529880D+00 3.1581856D+01 1.0684750D+02
-2.0108127D+02 6.1005139D+00 1.6595805D+02 9.2611765D+01 1.0993592D+02 9.1057637D+01
3.4705347D+01 1.1553263D+02 4.0996862D+00 9.2637751D+00 -1.7924370D+00 1.7745116D+01
1.9690815D+01 5.5063117D+00 -4.0154993D+00 -8.2694293D+00 6.1188512D+00 -1.0888253D+02
1.6336605D+02 2.5660961D+01 -1.1576836D+01 1.7648544D+02 1.1414177D+02 1.5600126D+02
1.8329267D+01 -3.2552021D+01 1.9690815D+01 2.6255676D+01 -3.4643695D+00 -2.6086422D+01
-9.9601198D+01 1.7815774D+02 -5.4386854D+01 -9.3972615D+01 -8.0649059D+01 -1.0301122D+02
5.5645509D+02 2.5374132D+01 -2.0625217D+02 9.8529881D+00 -5.5063111D+00 3.4643689D+00
-1.7139394D+02 3.3738913D+01 -2.0004057D+02 7.7962454D+01 -1.1008015D+02 1.0254993D+02
-1.4295547D+02 -2.6388055D+02 2.3827767D+02 4.3010978D+01 -3.1581856D+01 4.0154994D+00
2.6086423D+01 3.3738913D+01 -2.8251527D+01 -6.7225148D+01 2.0455257D+02 -8.1082862D+00
-1.6587529D+02 -5.8945438D+01 -6.1706073D+01 4.4580338D+02 9.2164560D+01 1.0195204D+00
-8.1274931D+01 4.0623465D+02 2.4225932D+01 -2.1339777D+02 -7.7474476D+01 -1.0290716D+01
8.3528256D+01 -1.8350783D+02 -2.8031903D+02 1.6181785D+02 -4.3155322D+00 -1.4560160D+02
8.7802704D+01 1.7296367D+02 -1.0684750D+02 -2.0108126D+02 6.1005142D+00 1.6595804D+02
-9.2611765D+01 -1.0993592D+02 9.1057629D+01 3.4705347D+01 -1.1553263D+02 -4.0996865D+00
8.2694297D+00 6.1188517D+00 -1.0888253D+02 1.6336604D+02 -2.5660960D+01 1.1576837D+01
1.7648544D+02 -1.1414178D+02 -1.5600126D+02 9.9601200D+01 1.7815774D+02 -5.4386855D+01
-9.3972614D+01 8.0649059D+01 1.0301122D+02 5.5645508D+02 2.5374135D+01 -2.0004056D+02
=7.7962456D+01 1.1008014D+02 -1.0254993D+02 -1.4295547D+02 -2.6388055D+02 2.3827767D+02
-6.7225150D+01 -2.0455256D+02 8.1082865D+00 1.6587529D+02 -5.8945439D+01 -6.1706074D+01
4.2676316D+02 1.6451122D-06 -5.4950328D-07 -5.3123595D-07 3.6700388D+02 5.6059601D+02
4.0202565D+02 -1.2222786D+01 -3.3184700D+02 1.1255948D-06 9.2088051D-07 2.1765737D+02
-3.2660464D+02 -1.0065178D-06 -5.2906537D-07 8.4120159D+02 -4.0571791D-08 1.3063786D-07
3.8855292D+02 4.8145391D+02 8.0486772D+02

Bekrop Harpysok
(3Tam 4, 150 ko3ppumentoB BekTopa, 25 cTpok B daiiie)

3 4 150 25

1.38150D+00 -4.85031D-07 -6.62920D+02 -1.40725D+03 -1.87802D+01 -4.14763D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 -6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
0.00000D+00 -5.70838D-10 -2.81475D+02 7.03687D+01 0.00000D+00 0.00000D+00
0.00000D+00 -5.70838D-10 -2.81475D+02 -7.03687D+01 0.00000D+00 0.00000D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 -6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
5.52300D-03 -8.03190D-02 -6.57425D+02 1.38915D+03 -1.04171D+01 3.36742D-02
-1.38150D+00 5.42275D-08 -6.62931D+02 -1.40728D+03 1.87877D+01 4.14764D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 -6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
0.00000D+00 -5.70838D-10 -2.81475D+02 7.03687D+01 0.00000D+00 0.00000D+00
0.00000D+00 -5.70838D-10 -2.81475D+02 -7.03687D+01 0.00000D+00 0.00000D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 -7.42004D-17 -2.77016D+02 -6.70245D+01 0.00000D+00 0.00000D+00
0.00000D+00 0.00000D+00 -1.87650D+02 -3.61485D-07 0.00000D+00 0.00000D+00
-4.77269D-01 -5.14781D-02 -6.60341D+02 1.39864D+03 1.39273D+01 -1.41942D+00
4.72221D-01 1.31798D-01 -1.01903D+01 -1.23734D-01 8.30949D-01 3.54603D-02
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PN oW

U o N

2 2 18

.3732214D-01
.0229173D-01
.4649959D-02
.5068178D-01
.4050938D-02
.8667870D-02
.6444441D-02
.9023011D-02
.9292184D-02
.1193965D-02
.7775000D-02
.8106005D-01
.0587955D-01
.6928253D-02
.0329368D-02
.6306336D-02
.7876072D-03
.5600404D-03
.8814801D-02
.2793694D-02
.0494829D-02
.3229800D-01
.6655766D-02
.5200144D-02
.0011036D-04
.8944784D-01
.5926447D-01
.7670139D-01
.2068885D-02

20 12 18

-2.
-1.
.4425671D-02
.3592908D-02
.6935683D-01
-1.
-5.
-9.
.6759791D-01
-1.
-2.
-4.
.6429130D-02
-1.
.4425664D-02
-8.
.6935686D-01
.9499823D-02
-5.
.7639840D-02
2.
-1.
.0392231D-02
-4.

-2

260

6429180D-02
1113349D-01

9499849D-02
7593862D-02
7639846D-02
1080967D-01
0392229D-02
3488306D-02
1113350D-01

3592904D-02

7593847D-02

6759800D-01
1080965D-01

3488305D-02

.2083938D-08
.6365600D-03
-4.
-3.
.6822300D-02
2.
.1160699D-01
.0642932D-10
-1.
-6.
-2.
-6.
.2897064D-03
.2082260D-05

1092637D-01
6710134D-09

6630428D-09

3355705D-08
9959874D-03
8624441D-08
4142152D-04

Matpuna mace (HHepUHH)

(3Tam 2, 18 cTpok-cT0,10110B MAaTpULbL, 29 cTPOK B (aiiie)
29

-6.
-2.
.5978223D-03
.5682791D-02
.3630622D-04
.4445053D-03
.3450380D-01
.8027503D-03
.2504432D-02
.0810773D-02
.9931936D-02
.6308008D-02
.4860637D-02
.3276519D-01
.4860636D-02
.5125965D-03
.1738038D-01
.9351823D-02
.3108122D-01
.9180557D-03
.4734611D-02
.1842015D-02
.4237098D-02
.4495690D-02
.8421174D-02
.0077180D-09
.0207509D-01
.8082106D-10
.1783844D-01

| [
TWREWWN R FERDI0N o

|
s RN S S 0 W N

3744831D-03
6825240D-02

-3.
-3.
-4.
-1.

1.
-5.
-2.
-4.

5.
-1.

8.
.3054850D-01
.4510538D-02
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