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CTAJHO, ACTPA-HOBA, ACTPA-A3C, ACTPA-TOC, ACTPA-HE®TEXUM, ACTPA-
TEIIJIOCETH, ACTPA-MATHUCTP, ACTPA-CYJIIPOM, ACTPA-CTAL], ACTPA-®OPM, ACTPA-CEHCM,
ACTPA-BUBP, ACTPA-JUH, ACTPA-CTA/JHO, IIPE-ACTPA, IIOCT-ACTPA, ACTPA-/IETAJIb sBnstotcs
3aperucTpupoBaHHBIME B Poccrm u 1p. crpanax CHI™ ToproBemvu Mapkamu 3AO “HaydHo-HccenoBaTenbeKuit
nentp Cra/lnO” (HULL Cra/lu0O).

IBM siBisiercst 3aperncTpupoBaHHOi TOProBoit Mapkoi kopriopauuu International Business Machines.
Windows, Word, Visual C++ sistrorest 3apernctpupoBaHHbIMU TOproBeiMu Mapkamu Microsoft Corporation.
AutoCAD  siBisiercst  3apeructpupoBaHHOW  Toprooit  mapkodt  AutoDesk, Inc, CADWOorx/PIPE —
3aperucrpupoBanHoii Toprosoii Mapkoit COADE, NetWare — 3apeructpuposannoii Toprosoii mapkoii Novell, Inc,
Compaq Visual Fortran 6.6 — 3aperncrpupoBanHOii TOproBoii Mapkoii kopriopauun Compag, Intel Fortran 11 —
3aperuCTPUPOBAHHON TOProBoii Mapkoii kopriopauuu Intel. JIpyrue nazBanust GpaOpryHBIX MapOK WM HPOLYKTOB
SIBIICTCS 3aPETrNCTPUPOBAHHBIMU TOPTOBBIMU MApKaMU COOTBETCTBYIOIIMX KOMITAHUH.

“CemeiictB0”  mporpaMmHbIX — KomruiekcoB  ACTPA-HOBA’2021  (pemuz  202105)  nast
ABTOMAaTH3UPOBAHHBIX PACUYETOB TPYOOIPOBOJHEIX CHCTEM 10 BHIOOPY OCHOBHBIX pa3MepoB, Ha
CTaTHUYECKYIO M IIMKIUYECKYIO MPOYHOCTh, HA CECMUUECKHE BO3EHCTBHS, BHOPONIPOYHOCT U
JAVMHAMHUYECKUE MNPOLECChI B COOTBETCTBUM C pOCCI/lI\/'lCKI/lMI/I HOpMaTHBHBIMH Tpe6OBaHI/IﬂMI/I
OO0mree omcanue (MPUIIOKEHHS).

Hacrosiimii JOKyMEHT COZepKuT oOluee ONMHMCaHWE METOAMYECKHX M HOPMATHBHBIX OCHOB,
aIropuT™MoB 1 rporpamm komiuiekca ACTPA-HOBA’2021 (Windows-Bepcust st IBM-coBmecTimbIx
KOMITBIOTEPOB), ~ NPEIHA3HAYCHHOTO  JUIS  ABTOMATHU3HUPOBAHHOTO  pacyera  HPOHM3BOJIBHBIX
TIPOCTPAHCTBEHHBIX Pa3BETBIICHHBIX TPYOONPOBOIHBIX CHCTEM HA CTaTUYECKYIO M IHKIMYECKYIO
npourocts (nporpamma ACTPA-CTAII), wa ceiicvieckue Bosneiictus (ACTPA-CEHCM), na
BHOponpounocts (4CTPA-BUBP) n HeycTaHoBuBIIMEeCs uHaMdeckue npouecchl (ACTPA-/IHH), a
TaKKe JUIsl yTOYHEHHBIX PacyeToB JeTajei o 00onoueHbIM 1 TpexmepHbM cxemaM MKD (ACTPA-
CTATHO) ), a Taoke Wi «IPSABAPHTCIIBHOIO» pacuéra 1o BBIOOPY OCHOBHBIX pasmepoB (ACTPA-
JIETAJIb) B cootBercTBHH C TpedoBanmsiMu aeiictByromx Hopm TIHAD T-7-002-86 (ACTPA-A3C),
PJT 10-249-98 (ACTPA-TIC), PTM 38.001-94, TOCT 32388-2013 (ACTPA-HE®TEXUM), P11 10-
400-01, TOCT P 55596-2013 (ACTPA-TEILUIOCETH), CHuII 2.05.06-85, CII 36.13330.2012, TOCT P
55989-2014, TOCT P 55990-2014 (ACTPA-MAT'HCTP) u TOCT P 55600-2013, PJT PTM 26-01-44-78
(ACTPA-CB), PSP 4322-86 (ACTPA-CYAIIPOM). TlpuseneHo onmcaHue ceanca pabor ¢
xomruiekcom ACTPA-HOBA’2021, Bxiouas peXkKnMbl MPEHPOLIECCOPHOM MOATOTOBKH HCXOIHBIX
nmauHbIX (IIPE-ACTPA), mpoBeneHust pacyeToB W IOCTHPOLIECCOPHOW O0OpabOTKM pe3ysbTaToB
pacuetoB (IIOCT-ACTPA), mporenypsl WHCTAULIIMM KOMIUIEKCA M CBOIKH JUATHOCTHYECKHX
COOOIICHHIA.

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



AnHOTaIHs

AHHOTaNNA

Hactosmuit noxkymeHT conmepxut Ilpunoxkenus k oOImeMy ONHMCaHHUIO
nporpamm “cemeiictBa” ACTPA-HOBA’2021 (Bepcust mis [I9BM Pentium u IBM-
COBMECTUMBIX), MPEIHA3HAYCHHOTO /I aBTOMATH3HPOBAHHOIO MPOCKTHPOBAHUS H
MOBEPOYHBIX PACUETOB IPOM3BOJIBHBIX MPOCTPAHCTBEHHBIX PAa3BETBICHHBIX H
MIPOTSHKEHHBIX TPYOOIPOBOIHBIX CHCTEM Ha CTATUYECKYIO U IUKIMIECKYIO ITPOYHOCTD
(mporpammer ACTPA-CTAIL] n ACTPA-CTA/JHO), na ceiicMudeckrue BO3IEHCTBUS
(ACTPA-®OPM + ACTPA-CEHCM w ACTPA-CTA/JHO), na BHOPOIPOYHOCTH
(ACTPA-®@OPM + ACTPA-BHBP) v HeyCTaHOBUBIIHMECS AUHAMHYCCKHE MPOLIECCHI
(ACTPA-®OPM + ACTPA-/THH) ), a Tacoke TS «IPE/IBAPUTEIHHOTO» PACcUETa 1Mo BEIOOPY
ocHOBHBIX pasmepoB (ACTPA-JETAIb) B COOTBETCTBHH C TPEOOBAHHMSIMHE JACHCTBYIONTHX
poccuiickix Hopm IMHAD I'-7-002-86 (4CTPA-A2C), P 10-249-98 (4CTPA-TAC), PTM
38.001-94, I'OCT 32388-2013 (4CTPA-HE®TEXHM), P]1 10-400-01, TOCT P 55596-2013
(ACTPA-TEIUIOCETH), CHull 2.05.06-85, CIT 36.13330.2012, T'OCT P 559892014,
TI'OCT P 55990-2014 (ACTPA-MAI'HCTP) u T'OCT P 55600-2013, P PTM 26-01-44-78
(ACTPA-CB/I), PASP 4322-86 (ACTPA-CY/JIIPOM).
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IIpunoxenue 1

A3C
AJY
rm

r

K
JCM
M
MK?3
MITA
MP3

Ipnioxenne 1. OcHOBHBIE YCI0BHbIC 0003HAYCHUS H COKPAIlCHUSI

— QTOMHasI AJIEKTPOCTAHIINSA

— aTOMHBIC SHEPIeTHUECKUE YCTAHOBKU

— TUAPO(ITHEBMO ) UCTTBITAHUS

— rurabaut

— KAJI00auT

— JIMHEWHO-CIIEKTPaIbHBIA METOJ

— MerabaiT

— METOJ, KOHEUHBIX DJIEMEHTOB

— MaKCHMaJIbHas IIPOEKTHAS aBapHs

— MaKcHMaibHOE pacdeTHoe 3emierpscenue (1 pas B 10000 ier)

MDBM - nepconansasie IBM Ttuma Pentium u IBM-coBmecTumble
Windows 95, 98, ME, NT, 2000, XP, Vista, 7 — oneparronssie cucremsl st [I9BM

HJC

— HanpsHKEHHO-ZIe(DOPMHUPOBAHHOE COCTOSIHUE

Hopmer TTHAD I'-7-002-86 — Hopwmbl pacuera Ha MPOYHOCTH OOOpYIOBaHHS MU

HHYD
HY3

Mrc
TIH

TpyOomporogoB ADY. [THAD I'-7-002-86.

— HapyllIeHHe HOPMAIbHBIX YCIOBHU 3KCIUTyaTanuu (Uit TPyOOIPOBOIOB
A3Y)

— HOpMaJIbHBIE YCIOBHUS SKCILTyaTaluu (i TpyoornpoBogoB ADY, mapa u
ropsiaeii BOIBI)

— MPOMBIIUICHHOE U TPaXKJAHCKOE CTPOUTEIHCTBO

— TOCTOSIHHBIE W JUJIMTENIbHbIC HArpy3kd (HedTeXxumus, TEIIOCeTH W
MaruCTpalIbHbBIE TPYOOIIPOBOIHI)

IIIK(OH) — mnocrosiHHBIE, IIUTEIBHBIC, KPATKOBPEMEHHBIE M OCOOBIC HArpy3KH

I3
K
PTM
PJ
CAIIP
CHull
Co
C5M
TAC
TC
9BM

CcHu
crc

(HedTexrMus, TEIUIOCETH U MAarucTpaibHbIe TPYOOIPOBOIbI)
— IIPOEKTHOE 3eMJIeTpsiceHue (moBTopsieMocTh 1 pa3 B 100 set)
— MPOTPaMMHBIH KOMILIEKC
— PYKOBOASIINE TEXHUUECKHE MaTePHAaIIbI
— PYKOBOZASALIMH TOKYMEHT
— cucTeMa aBTOMAaTU3UPOBAHHOTO IPOESKTHPOBAHMS
— CTPOMTEINILHBIE HOPMBI U ITPaBHIIa
— CyTIEpJIEMEHT
— CyTIepaJIEMEHTHAsI MOJIENb
— TEIJIOBAs JIEKTPOCTAHIIHS
— TpyOOIIpOBOIHAS CHCTEMA
— 9JIEKTPOHHAsI BEIYUCIUTENbHAS MaIlIHA

EnuHunpl u3mMmepenus (MCX0AHbIe JaHHbIE U Pe3yJabTAThI)

— MM, pan, ¢, MIla, kH/m, kH, kH:wm, m, T, pan/c
—CM, paf, ¢, kr/em?, kr/ewm, kr, kraewm, I, pan/c
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“CewmelicTBo” mporpaMmHubIX koMmiuiekcoB ACTPA-HOBA’2021

OTpaciieBble KOMILIEKCHI ceMeiicTBa ACTPA-HOBA’2021

ACTPA-A3C — TIHAD T'-7-002-86. Hopmbl pacueTa Ha MPOYHOCTH OOOPYIOBAHUS W
TpyOOIPOBOJIOB aTOMHBIX SHEPreTUYECKUX YCTAaHOBOK (B JOIOJHEHHE — OLCHKA
TePMETHYHOCTH  ()IaHIEBBIX COSJMHEHHI, pacyeT HaNpsDKeHHH H  IPOYHOCTH
“HEHOPMAJIM30BaHHBIX IMH30BBIX U CUIb(OHHBIX KOMIIEHCATOPOB).
ACTPA-TAC — P]] 10-249-98. HopMbl pacueTa Ha MPOYHOCTHh CTAIMOHAPHBIX KOTJIOB M
Tpy0OOIpOBOIOB Mapa u ropsyeit Boasr (1. 5.2, m. 10, m. 11).
ACTPA-HE®TEXHM — PTM 38.001-94. Vkazanusi mo pacueTy Ha NPOYHOCTb U
BUOpalMI0  TEXHOJNOTMYECKHX  CTalbHBIX  TpyOompoomoB. ['OCT  32388-2013
TpyGonpoBoas! TeXHOTOTHIECKHE. HOpMBI M MeTOIBI pacyeTa Ha MPOYHOCTH, BUOPAIIHIO U
celicMuuecKue BO3AEHCTBYA.
ACTPA-TEIVIOCETbD — P]1 10-400-01. HopMmsI pacueta Ha MPOYHOCTH TPYOOITPOBO/IOB
TEIVIOBBIX CeTe (C KOPPEKTHPOBKOW psma HecTporux (opmyl, BBEAEHHEM pacyera
HalNpsDKEHUH B KOCBIX CThIKaXx M IepexojaX, a I IOJA3EMHBIX TpyOOIPOBOLOB
OeckaHAILHOM MPOKIAJIKU — M 10 y4eTy KommeHcupyroouwmx noayiiek). TOCT P 55596-
2013. Ceru temnoBble. HopMmbl M MeTOABI pacueTa Ha IPOYHOCTh U celicMUYecKue
BO3ICUCTBHUS.
ACTPA-CB/J] — PTM 26-01-44-78. [leram TpyOOIpoBooB Ha masnenue cbie 10 no 100 MIla.
T'OCT P 55600-2013. TpyObl 1 neram TpyOOIpoBoaoB Ha jasienue crbiie 100 mo 320 MIla.
HopMb! 1 METOIBI pacieTa Ha IPOYHOCTb.
ACTPA-MATHCTP — CHull 2.05.06-85. Maructpansaeie TpyoompoBoabr, CII
36.13330.2012  (akryamsupoannas pemakips  CHull — 2.05.06-85*) MaructpanbHbie
TpyOONpOBO/bl (C HEOOXOMMMON aBTOPCKOH JOpa0OTKOW B YaCTH PACUETHOW OICHKH
IIPOYHOCTH OTBOJOB, CTHIKOB U TPOMHHUKOB, CEMCMUYECKUX U JUHAMUYECKUX PAacdeTOB),
T'OCT P 559892014 MaructpaiibHble Ta30MpoBOAbl. HOpMBI IPOEKTHPOBAHUS HA JIaBICHUE
cebiue 10 MITa. OcuoBHble TpeGoBanus, [OCT P 55990-2014. MectoposkaeHus: HEQTIHbIE
u razoHedTsabIe. [IpoMbIciOoBBIE TPYOOTPOBOABL. HOPMBI MPOSKTUPOBAHHSI.
ACTPA-CYJIIPOM - PJISP 4322-86. TpyOompoBompl cynoBble. MeTomyuka pacuyeToB Ha
CTaTHYECKYIO 1 MATIOLMKIIOBYIO TIPOYHOCTb.

ITporpammsl “cemeiicTBa” kommiaekcoB ACTPA-HOBA’2021

IIPE-ACTPA — muanorossrii Windows-tiperporieccop 1St 3aIaHust pPacueTHOM
MOJIENI TPYOONpOBOAA.

ACTPA-CTAL] — IporpaMma pacdyeTa Ha CTaTHYECKyI0 U IHKIMYECKYIO
MIPOYHOCTb.

ACTPA-®OPM — Iporpamma pacyera COOCTBEHHBIX 4acTOT M ()OPM KOJIeOaHHIA.

ACTPA-CEHCM — IporpamMma pacuera Ha CeHCMHYeCKre BO3IEHCTBUS.

ACTPA-BUBP — NIporpaMma pacuera Ha BUOPOIIPOYHOCTb.

ACTPA-/IHH — mporpaMMa pacdyeTa Ha HEyCTaHOBHUBIIHMECS AWHAMUYECKHE
IPOLECCHL

IIOCT-ACTPA — nmuanorosbrii Windows-mocTporieccop Al BU3yaau3alid U
[IOCTPOCHUS TaOJIUI pe3ysIbTaTOB pacyeTa.

ACTPA-CTAAHO — TOJICUCTEMAa YTOYHEHHOTO pacdera TeMIepaTypHOro |

HaIPsDKEHHOTO  COCTOSIHMSI, CTAaTUYECKOM, LHUKINYECKOH U
ceiicMU4ecKoil MPOYHOCTH JeTaneil  TpyOOmnmpoBOIOB  IpH
JIEHCTBUM TOJIHOM CHCTEMBI KBa3UCTATUYECKUX HArpy30K.

6 HUIL Cra/lnO



IIpunoxenue 2

IIpniaoxenne 2. AJIrOpuTM CTATHYECKOr0 pacyeTa TPyOONPOBOIHBIX CHCTEM
(amantupoBanubie pparmentsl PTM 108.020.01-75)

I 2.1. IIpenBapuTebHbIE 3aMeYaAHUS

I 211 WznaraeMelii aIropuT™M pacdera TpYyOONPOBOJHBIX CHCTEM
OCHOBBIBAETCS Ha CIIEIMATbHOM METOIE PACKPBITHS CTATUIECKON HEOIPEaeIeHHOCTH, a
MMEHHO Ha METOJIC IPOTOHKHM B COYETAHHM C METOJOM IE€PEMENICHUI U HadalbHBIX
napamerpoB. IlomouTensHble OCOOCHHOCTH €ro — MpocTasl JIOTHYECKas CXeMa H
BBICOKAsI BEIYUCIIUTENbHAS HAZEKHOCTB, T.€. clladast YyBCTBUTEIHHOCTD K ITOTPEIIHOCTH
OKpYTJICHUSI.

II 2.1.2. ANropuT™M H3JIaraeTcsi MPUMEHUTENBHO K OXHOMY (JIF000MY) 3Tamy
MIOJTHOTO pacdeTa TPYyOONpPOBOIHON CHUCTEMBI. [IpM 3TOM HCHONB3yeTCS MaTPUIHBIA
ammapaT, 4TO JeNaeT JIrOpUTM yIOOHBIM Il IporpamMMupoBaHus. IlpumeHnstorcs
KBaJIpaTHBIE MATPHUIBI 6x6 U 3x3 1 MaTPHULIBI-CTOIOHI (BEKTOPHI) 6x1.

I 2.1.3. YyuThBaloTCS NPOMEKYTOUHBIE YIPYrHe OHOpbI (B TOM YHUCIE
NpPY>KUHHBIE TOJIBECKH). B IpakTHueckux pacyerax TpPyOONpPOBOIOB MO JaHHOMY
QITOPUTMY OTIOPHI ¢ OECKOHEUHOMU KECTKOCTHIO MOYKHO YUUTHIBATH MO CIIOCO0Y 3aMEHBI
WX YIPYTUMH OnopaMu (YIPYTHMH CBSI3SIMH) OYEHB OOJIBIIOHN KECTKOCTH.

I1 2.2. TepmMuHbI U 0603HAYEHHSI

I 221 Tlon mpybonposodHotl cucmemol TIOHAMACTCS Pa3BETBICHHBIN
TpyOOIIPOBOA, KOHIIBI KOTOPOTO 3aleMJICHBI.

I 2.2.2. Toukw, B KOTOPBIX JIMHUS TPyOOIIPOBOAA Pa3BETBISETCS, HA3BIBAIOTCS
y3noebimu (y3riamu).

I 2.2.3. YVuacmokx — 4acTh JMHUH TPYOOIPOBOIHOM CHUCTEMBI, 3aKIIIOUCHHAS
MEXIY CMEXHBIMM y3JaMH WIM MEXAYy KOHLIEBOM 3alleMIISIOIE Omopol u
NPUISKAINM Y3JIOM. YUACTKH ACIATCSA Ha NPOMENCYMmouHble U KoHyegble. KOHIIEBBIM
Ha3bIBACTCSl YYACTOK, OJJMH KOHEIl KOTOPOT'O 3allleMJICH.

I 2.2.4. Kaxiplii yd4acTOK COCTOUT W3 ompesko8 (MpAMONUHElHbIX,
KpugonuHelnvix).  I'paHUIIaMH ~ OTPE3KOB  SIBISIOTCSA:  TOYKA  CONPSDKEHHS
MPSAMOJIMHEHHOW TPyOBI € KPHBOJMHEHHOH; MECTO NPWIOKEHUS  BHEIIHEH
COCpPE/IOTOUYCHHOW HAarpy3KH; MECTO YCTAHOBKM IIPOMEXYTOUHOH OIIOpBI; MECTO
CONPSDKEHHs TPYO, MMEIOUIMX Pa3iIMuHbIe pa3Mepbl MONEPEYHOro CEueHHMs; CeYEHUeE,
rze TpedyeTcst OIpenesIuTh HAIPSHKEHUS WIH TIEpEeMEILeHNSI.

Il 2.2.5. Ilponem — 4acTh y4acTKa, COCTOSIIAsi U3 HECKOJIBKUX OTPE3KOB (HE
MEHee IIBYX) M 3aKJIFOUCHHAs MEXIY IBYMsI CMEKHBIMH IPOMEXYTOYHBIMU OIOPAMH
WM y3II0OM U OipKaiiieii mpoMeskyTO9HOH OTopoii.

I 2.2.6. Y3mer mymepytores 1,2,3,...,N, npuuem mnocnenosarensrocTs
HyMepamud MOXKET OBITh IH000H. 3aleMIIeHHbIE KOHIBI TPYyOOIPOBOJIHOW CHCTEMBI

o6o3nauvarorcss N+1, N +2,....

Mocksa, 2021



“CewmelicTBo” mporpaMmusIX koMmiiekcoB ACTPA-HOBA’2021

I 2.2.7. Toukn neneHusi yyactka Ha OTpe3kd oOosHauarorcs uuciamu 0, 1,
2,...01pe30K 0003HAYACTCS YHCIIOM, OTMEYAOIMM €ro KOHEYHYIO TOUKy (Ui OTpeska i-
(i+1) koneunoit mouxoti snsiercs i+1).

I 2.28. Yyactok o003Ha4aeTcs JABYyMs YHUCIaMH C YEpPTOM HaBEpXy,
OTMEYAIOIIMMH €ro KOHIBL Tak, y4acTKH TpyOOMPOBOAHON CHCTEMBI 00O3HAYAKOTCS

]_. - i, I —1_2, ]_. —Z u T.1. HCPBOC YHCIIO COOTBCTCTBYCT KOHIY y4aCTKa, OT KOTOPOTO

BCACTCA HyMCpalus TOYCK ACJICHUA Ha OTPC3KU (Ha‘laJ'ILHOC CCUCHUC y‘IaCTKa). 210
YHUCJI0 JOJIKHO OBITH MEHBIIIC qurciia, OTMEYAOIICTO KOHEYHOC CCYCHUC YIACTKA.

IT 2.3. KoopauHATHI CHCTEMBI

I 2.3.1. Vcnionb3yloTcst npasocmopontie o0Iasi 1 MECTHAsI OPTOrOHaJIbHbIC
KOOpAWHATHBIE CHUCTEMBL. B 00mieil KoOpAWHATHOH cucTeMe (X1XpX3) OMpPEemETSIOTCS
KOOpPJMHATBI TOYEK MACNEHHs YYaCTKOB Ha OTPe3KH. MecTHas cucTemMa KOOpIAMHAT
(ix1 X2 X3) HCIIOJIb3YETCSl NPU Y4YETe MOHTAKHOM PaCTSDKKM U IIPU  ONPEACIICHUU
TIOJIOXKECHUST OOKOBOTO OTBEPCTHS B TPyOe.

I 2.3.2. Hauano o6uweti KOOpJMHATHOW CUCTEMBI MOXKHO pacroyiaraTb B
MIPUHIIKTIE B JII000# Touke mpocTpaHcTBa. OCh X3 HAMPABIIAETCS BEPTUKAIBLHO BBEPX.

I 2.3.3. Hauano mecmwoii KOODIMHATHOH CHCTEMBI pAaCIoOjaracrcs B
KOHEYHOW TOYKE OTpe3Ka.

B npsmonuHedHOM OTpe3ke 0Ch X3 HANPABIAETCS BIOJb OTPE3KA B CTOPOHY OT
ceuenust i-1 K CeueHMIO I; OCh X; pacrojaraeTcs NapajulebHO IUIOCKOCTH XiXp U
HAMpaBlICHUE €€ BHIOMPAETCS B TAKYyI0 CTOPOHY, YTOOBI KOCHHYC YIjia MEXIy JITOM
OCBIO 1 OCBIO X1 OOIIIEH CHCTEMBI OBLI ITOJ0KHUTEIBHBIM.

Pacrionoenne MECTHOH KOOPAMHATHON CHCTEMBI KPUBOJHMHEHHOTO OTpE3Ka:
0Ch X3 HAMPABISETCS MO XOPAC B CTOPOHY CEUYEHHs i-1 K CEYCHHIO i; OCh X, JICKHUT B
IUIOCKOCTH KPHUBOJMHEHMHOIO OTpe3Ka M HalpaBieHa 10 MNEPIEHAMKYJIPY K XOpAe B
CTOPOHY BBIITYKJIOCTH OTPE3Ka.

IT 2.3.4. B nanbheliiem GyKBeHHbIC 0003HAYCHUs BEIMYUH, OTHECCHHBIX K
MECTHOH CHCTEME ix1 Xp X3 , CHAGKAIOTCS IITPHXOM.

Il 2.3.5. Byser uCHOnb30BaThCs TAKKE MPABOCTOPOHHSS OPTOrOHANbHAs
NOOBUIICHAS KOOPIMHATHAS CHCTEMa SXi Xp X3 € HAYalIoOM B TEKyWIEH Touke S ocu
TpybompoBoaa. B KpuUBONMMHEWHOM OTpe3Ke OCh X3 HAmpaBieHA MO KacaTelIbHOU B
CTOPOHY OT CedeHHs i-1 K CEUEHHMIO i, OCh X, — MO PAAMYCy B CTOPOHY BBIMTYKIOCTH
OTpe3Ka.

B npsAMOIHHEHHOM OTpe3Ke HANpPABICHHS Oceil Xi , Xp . X3 COBNAJAiOT C
HAIPABJICHUSIMH OCeif X1 , X; , X3 COOTBETCTBEHHO.

I 2.3.6. BykBeHHble 00O3HAUEHHMsSI BEJIMYUH, OTHECEHHBIX K IIOJBMKHOU
KOOPJIMHATHOM CHCTEME, JIOTIOHSAIOTCS ABYMS IITPUXAMH.

I 2.4. UcxoqHble JaHHBIE IUIST pacyeTa TPyOOnmpoBoaa

I1 2.4.1. ]I npoMeXyTOYHBIX TOYEK (CEYCHHUH) KXKA0T0 y4acTKa 3aat0TCsL:
a) s kKaxaoi Touku 0, 1, 2,... JeseHust Ha OTPE3Ku:
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0)

X, , CM
X, CM KOOPJIWHATHI B OOIIEH KOOPIUHATHON CUCTEME X1X2X3
X, , CM IIEHTpPA MOTIEPEYHOTO CEUCHHUS,

JUTSL K&KJIOM TOUKH B KOHIIE KPUBOJIMHEHHOIO OTPE3Ka:
R, cm — paanyc KpUBU3HBI LIGHTPAIBLHOU OCH;

B) JUISI HEKOTOPBIX IPOMEXKYTOUHBIX TOUEK:

e, keclem
JKECTKOETH OIIOPBI CKOJIBKEHHUS MITH HAIPaBIIsEOIe i

e
€59, k2l cm )
OIOPBI TI0 OCAM X1X7X3;
€33, kecl em

eya, k2C-cml pao

€55, keC - cm | pao

€gg, k2c-cml pao

R, kec
P,, AgROEKIMY BEKTOpa COCPETOTOUYSHHON CHIIBI 1 MOMEHTA Ha
PS’ xec OCH X1X2X3;
Py, kec-cu

P, kec-cm

Py, kec-cm

P,,, k2c — narpyska npy>XHHHOMN IOJBECKHU;
K, Kec/cm — )KECTKOCTD TIPYKUHHOM T0JBECKH;
L, cm — pabogas mimmHa Py KUHHON TIOZBECK;

T) JUIs OJHOM TOYKH (HE COBMAIAONICH ¢ KOHIIOM IIPOJIETA):

51 ,cM IMPOCKIUH BEKTOpa MOCTYyNnaTCJIbHOI0O NEPEMEIICHUA
. HayajgpHOTO ceueHust (i+1)-ro  oTpe3ka OTHOCHTENHHO
02 CM( KoHeuHOTO cedeHHs i-TO OTpe3Ka, BO3HHUKAIOIIETO MPH
S,,cm BBIMIOJIHCHHH MOHTQXHOW PACTSDKKH B CCYCHHH I, HA OCH

MECTHOM CHCTEMBI KOOPIUHAT IX1X)X3;

I 2.4.2. JInst kaxxao¥ 3a1a10TCs:

Mocksa, 2021
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P, Kec/cm” — BHYTpeHHEE U30bITOYHOE ABJICHHE;
S, 1/°C — k03dPuUIMeHT THHEHHOTO paCcIInPeHNS;

q,,xecl em
d,,xecl cm UHTEHCUBHOCTb PACIpeNeNeHHON Harpy3KHy 0 0CAM
q,,kecl cm X1,X2,X3;

t,,°C — Temneparypa HarpeBa;
D, cm — HapyxHBIIT TUameTp;
S,, ¢M — TOJIIIMHA CTEHKH,
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*
¢, CM — yTOHECHHUE CTCHKH;
E, kec/cM? — MOZLyITb YIIPYTOCTH;
v — k03 dunuent [Tyaccona,

Ul, M
U,, cm
Us, om MIPOEKLUH BEKTOPA IIePEMEILEHNUS 3aLIEMIEHHOTO
Uy, pg() KOHIIA.

Us, pao

Ug, pao

Jlnisi HEKOTOPBIX OTPe3KOB 3Hauenuss D,, Sy, ¢ MOryT OTiMYaThCs OT MX
3HAYCHWH JUTS BCETO y4acTKa.
I 2.5. Pacuert oTpe3KkoB (3JIEMEHTOB)
I12.5.1. MaTpuna noBopoTa JJis1 NIPsIMOJINHE{HOr0 0Tpe3Ka

IT 2.5.1.1. VcxomHble HaHHBIE: KOOPAMHATHI B CHCTEME X1XpX3 KOHIIOB i-1, i
oTpe3Ka.
IT 2.5.1.2. Matpuua noBopora

0= 0 Qaj, 1)
rac:
cosX, sinx, O
a,; =|-sin%; cosx, Of; 2
0 0 1
1 0 0
ay, =0 cosé& siné |. 3)
0 -siné, cosé

3nech B 0003HAYEHUSIX YIVIOB, a Jajiee B 0003HAUYEHHSAX W JPYTHX BEIWYMH
HHJEKC i, OTMEYaroUInii HOMEp OTpe3Ka, Ul COKPAIICHHUS 3alHCH OMYILCH.
B npuBenennsix popmynax:

r;

NI

COS X; =
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- r
Sin &, = H——;
Jre+r?
1 + 2

.
cosé, =2
1%

i 1 .
siné, ==~ (-r,sin &, +r,COSX,),
L

rac:

n=x =X (j=129);

(4)

B ¢opmyne s Sin X, Oepercs 3HaK mmoC, €CM Iy U I, UMEIOT pa3HbIe
3HAKH, U 3HaK MHHYC — B IPOTUBHOM CJIy4ae.

B ciyuae 11=r,=0 npunumaercs COSX; =1, SiNX; =0, a B cyuae r;=0,
r,=0 Bbrumcnenus SiN X, m COS X; crnenyer mpousBOAuTh 1O 00muM Qopmynam,

MIPUINHUCHIBAs 3HAUYEHUIO =0 3HaK MHUHYC.
IT 2.5.2. MaTpuna noBopoTa Aj1si KpUBOJIHHEIHOr0 0Tpe3Ka

II 2.5.2.1. VcxonHble MaHHBIC: KOOPAMHATHI B KOOPAWHATHON CHCTEME X1X2X3
KOHIIOB I-1, | KpWUBOJNMHEHHOTO OTpe3ka ¥ KOHIA -2 TIPEIIIeCTBYOIIETro
MPSIMOJIMHEHHOTO OTPE3Ka; painyCc KPUBHU3HBI R;.
I 2.5.2.2. ickomasi MaTpuiia HoBOpPOTa:
= 03 i . 5)
Marpunsl @i, @ onpenenstores mis orpeska (i-1,) - i mo Qopmymam
psiMoNAHEHOTO oTpe3ka (2), (3), a

cosn, sinp, O
oy =|-sinfp, cosn, 0.
0 0 1
3necs:
1 . .
COS 7, = 7*[(—5 sin X, + T, COS X;) COS &, + I, sin fl];
v; 4 Sin 7‘
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rue:

: 1 :
sinfp,=————(r,CosX; +1,SIN %),

v,_, Sin 71

=X X (j=123);

*

.0 L, 3 OB Y
sin - =L v = xM — x¢ ,
O MR YO

* V3 V3
rae 6 — yroa Mexay KpailHIMH CEUCHUSIMH KPUBOJIMHEIHOTO OTpe3Ka.

II 2.5.3. OnpenejieHne KOOPAUHAT TOYEK HM3JI0MA BIIMCAHHOW JIOMAHOIA,

3aMeHsIIoLIeld KPUBOJIMHEHHBIH 0TPe30K

II 2.5.3.1. VcxonHble MaHHbBIC: KOOPAMHATHI B KOOPAWHATHON CHCTEME X1XoX3

KOHIIOB i-2, i-1, | 0Tpe3KoB; paanuyc KpuBH3HHI R;

I 2.5.3.2. Koopaunatsr touek p (p=1, 2,..., 2v1) u3noma BIHCAHHON

JIOMaHOU B CUCTEME X1X,X3 PABHBIL:

Xl(u) Xl(i) .

* *

o,

x| = IxP| + R, cos(@—%‘)—cos?.

* *

, . 0. .. 0
x|l x® sm(eﬂ—?)—sm?

3,HCCI> Q; — MaTpula, SABJIAOMIAACA TpaHCHOHPIpOBaHHOﬁ II0 OTHOIICHHIO K

MaTpHIE ¢, BBIYUCISIEMON JUTS JAHHOTO KPUBOJIMHEHHOTO 0Tpe3ka 1o gopmye (5).

*

Yron 7‘ BBIYUCIIACTCA U3 COOTHOIICHMUSA

*

.0
sin—+=—-,
2 2R

HCIIOJIb3yEMOTO TIPH OIIPEAEICHIH MATPHULBI 0.

12

*

VYron 9/1 Ze—i,u (u=12,..,2v-1).
2v

I1 2.5.4. MaTpuna noaaTaiuBoOCTH /sl KOHEYHOH TOYKH 0Tpe3Ka

HUIT CralnO
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II 2.5.4.1. VicxonHble MaHHbBIC: KOOPAMHATHI B KOOPAWHATHON CHCTEME X1X)X3
KOHIIOB OTpe3Ka (B Cilydae KpHBOJIMHEHHOTO OTPe3Ka — KOOPAMHATHI KOHIIOB OTpE3Ka
BIIMCAHHOM JIOMaHOW); MO/IyJIb YIPYTOCTH F; HapyXHBIN auamerp TpyOs! Dy; TommuunHa

CTEHKH TPYyOBI S;.
IT 2.5.4.2. Vickomast MaTpuIia:

8, =DaDbh,
3necs D, — Mmarpuia, SBISTIOIIAsICS TPAHCIIOHUPOBAHHOM T10 OTHOIIEHUIO K Matpuie D, ;

D, — marpuma 6x6, paBHas:

o 0
D, = ;
0, o«
F+F, F,
a = 172 )
F, F

rae 03 — matpuma 3x3;
¢ — MaTpHILIa TIOBOPOTA, BhIYHCIsgeMas o popmyde (1);

F =Au;

31ech.
1
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2 s 0 0
o P &,
k
Azoio;Bzo—po, 7)
GF EJ,
1 1
0 0 — 0 0 —
EF G‘Jp
rae.:
F=x5,D,-S,)
4 _ 4 . 8
J3:7zDH 1 [B.=25,) |} ®)
64 D,
J, =23,
_E
2,6

@DopMyJIbl IPUTOHBI KaK IS IPSIMOJMHENHBIX OTPE3KOB, TaK U AJIs OTPE3KOB
JIOMaHOH, 3aMEHSIONIEH KPUBOJIMHEHHBIM OTPE30K; pa3HHULA TOJNBKO B TOM, 4YTO B
nepsom ciydae K =1.

JlimHa oTpe3ka BBIYHCISICTCS IO popmyie (4).

[pumeuanne. B cinydyae KpUBOJIMHEHHOTO OTpe3Ka pacdeT BeJeTcs Ui
3aMEHSIONINX NPSMOJIMHEHHBIX OTPE3KOB, IPUYEM BCE WCXOJHbBIC 3HAYCHUS, KpoMe
KOOpJIMHAT, COOTBETCTBYIOT KpPHBOJHMHEHHOMY OTpe3Ky B IenomM. Marpuna D
BBIYHCIISICTCS JUTS 3aMEHSIOIIET0 OTPe3Ka, T.€. 0 KOOPAWHATaM KOHIIOB 3TOTO OTpPe3Ka.

II 255 Marpuna nepeMemieHMii HAYaJbHOTO CeYeHHS] OTpe3Ka
BCJIeJACTBHE pacinpe/ie/ieHHbIX BO3/IeiiCTBUII U MOHTAKHOIN PACTAKKH

IT 2.5.5.1. McxomHble JaHHbIE: KOOPAWHATHI B CHCTEME X1XpX3 KOHIIOB OTPE3KA
(B ciyuae KpPHBOJMHEHHOTO OTpe3Ka — KOOPAMHATHI KOHIIOB OTpE3Ka BIFICAHHOM
JIOMaHOM); TeMIieparypa Harpesa t,; 3HAUCHHs MEPEMEIEHNI TaHHOTO CCYEHHS | Tph
MOHT&KHOM pAacTsHKKe, 3HAYCHHE HWHTCHCHBHOCTU PACHpPEACIeHHOM HArpy3Kd [Uis
oTpe3ka; K03 hHIMEHT JIMHEHHOTO pacimpenus f; 3uadenus E, G, Dy, S, am1s otpeska .

IIpumeyanue. B cioyuyae KpUBOJIMHEHHOrO OTpE3Ka pacueT BEHETCs s
3aMCHSAOIIUX HpﬂMOJ’lMHCﬁHbIX OTPE3KOB, MPHUYEM BCC HMCXOJHLIC 3HAYCHU, KPOME
KOOPJIMHAT, COOTBETCTBYIOT KPUBOJIMHEHHOMY OTPE3KY B LIEJIOM.

I 2.5.5.2. Vickomas matpuia nepemenieHui (cedeHus i otpeska i+1):
A; =D (A, + A +5).
3nech:
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A'—_ 03Dq
" R0

rue:
( — UHTEHCUBHOCTbH paclipele/IeHHON Harpy3Ku;

3HaueHus o, oy, A, F, J,, onpepenstorcs o popmyinam (6), (7), (8).
J1s mpsAIMOTMHENHBIX OTPE3KOB, HE 3AMEHSIOIINX KPUBOJIMHENHBIE, k; =1

Marpuua g uMeer BUA;
g= {x X X OOO} (X — a7eMeHTBI, 3HAYEHUS] KOTOPBIX 3aal0TCsL).

Martpuusl 4, 1 5, UMEIOT 3HAYCHUS:

_ 2
A, =| pto-2_PO=2 1651000}
E (D°—(D-25)°)
S = {xxx OOO}.
Marpumna D; paBHa:
o, 0O
D, = ,
0 ¢

IZie & — MaTpHLa TOBOPOTA, BEIUKCIsieMast 1o ¢opmyie (1).

IT 2.5.6. Marpuua BHYTPEHHUX CHJI, BBI3bIBA€MBIX paclpe/eeHHOi
HATPY3KOH

IT 2.5.6.1. MicxomHble qaHHbBIE: KOOPIUHATHI B CHCTEME X1X,X3 KOHIIOB OTPE3Ka
(I7s1 KPUBOJIMHEHHOTO OTpe3Ka — KOOPIUHATHI KOHIIOB OTpe3Ka BITUCAHHOW JIOMAHOH);
3HAYEHHE MHTCHCUBHOCTHU PACIPEICICHHOM HArPy3KH.

I 2.5.6.2. Mickomas maTpuia (Uit KOHEYHON TOUYKH OTPE3Ka):

_ I, 0,
V, =uD, D,q.
1/ 2w, 1,

3HaueHus BemunH v, D, , (, @, npuBommuck BbIIE; |3 — emuHIYHAS MaTpua 3x3.
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I 2.6. Pacuer mpoJieta

IT 2.6.1. OnpenenieHne HEKOTOPBIX MATPHUII NPOJIETA

I12.6.1.1. Onpedenstomcs cnedyrowue mampuywt (puc. IT2.7):

ap =

Jh

pj ip;
P
bpi == szvaijv’

v=j+l

p
Cp = ZGVP Vv, +P);

v=j+1

@ O

P~
Cpj = ZGpV[—aV(EVj - PV)+AV]

v=j+l

npu P = j+1, j+2, veey k.

©)

[Mocnenntoro Gopmyy npu IporpaMMHUPOBAHUH LIEIECO00PA3HO MPEJCTABUTh

B BHJIE:
| v
ij = Z Gpv _a“v ZGKV(\/k + Pk)+Av +a‘vPv "
v=j+1 k=j+1
B atux popmynax:
I, 0, ~ | -F,
Gjp = _ y G = ’
-, | Plo,
ip 3 3 3
rue.
ip ip
0 -
Foo_ ip ip
o=l T 0 -,
ip ip
-r,> r® 0
MIPUYEM:

16
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rsz — sz _Xj;
r3jp =X — ij

€CTh MPOCKIUHN panyCa-BEKTOpa Fjp Ha OCHu KOOp,I[PIHaTHOﬁ CUCTEMBI X1X2X3,

PV (V = j +1, j +2,...,k —1) - MaTpHIAa-CTOI0en BHEILHEH

COCPE/IOTOUCHHOW HAarpy3kd W/WIM COCPENOTOYCHHBIE Harpy3KH OT JeHCTBHUS
BHYTPEHHETO JIaBJICHNS B JIEMEHTax TpyOOIpoBoaa

Marpuust @,,V,, A, BBMHCISIOTCS 110 IPUBEACHHBIM B paszene 5 Gopmyam.

Ipumevanusi:
1. Ilpu BeOMHEHHMH pacdera 1mo ¢opmynaMm (9) ¢ mensio (GOPMHPOBAHUSA

paspenraronieii CHCTeMbl YpaBHEHHUH ClieyeT TpuHuMarts P=K.
2. Ecni y4acTOK HE MMEET IPOMEXYTOUHBIX OHOP, TO HYXXHO IPUHUMATH, YTO
Y4aCTOK COCTOMT M3 OAHOTO TiposieTa u j=0, K=n (N — 9rciio 0Tpe3KoB B y4acTke).

I12.6.2. BekTop cHJi1 B HAYAJILHOM Ce4eHHH MPoJeTa

IT 2.6.2.1. Ucxonmuble maHHble: j, K — HOMepa cedeHuii KOHIIOB TposeTa; Aj, Ay
— BeKTOpHI (6% 1) mepeMeneH il KOHIOB TIpoJieTa (OnpeaeieHre uX CM. B 11. 9).
T 2.6.2.2. VIckoMblIit BEKTOD:

-1
X; :bkj (4 —a 4 —ij), (10)
rae by, a,,c, BbuucHsIOTCA N0 popmyam (9) mpu p=k.
[pumeyanue. Eciau B yyacTke HET MPOMEXYTOYHBIX Omop, To (opmyina (10)

HCTIOJIB3YETCA TOJIBKO JJIA OIIPECACIICHUS CUIT Xo B HAYaJIbHOM CE€YCHUU y4aCTKa.

I 2.6.3. BexkTopsl mepeMenieHuidi W CHJI B NMPOMEKYTOYHBIX CEYEHHX
npoJiera

I 2.6.3.1. Hcxoxuele naHHBIE: A — BEKTOpP TEPEMEIICHHH HAYaIbHOTO
CEUEeHHS TIPOJIETa; Xj — BEKTOP CHJI B HAYAIBHOM CEUEHHUH MPOJIeTa.
I 2.6.3.2. icxomHbIC BEKTOPHI:

A= éi(i—l)ﬂ“i—lai (G(i—l)i XiatVi)+A;;
Xi = G(i—l)ixi—l + P. +Vi

npu i= j +l,..., k —-1.

Hpumeuanue. s nocaeaHero npoieTa yyactka (T.e. mpu K=n) no gpopmynam
(11) BeuMCHAIOTCS, KpOME TOro, 3Ha4eHUss marpul A, X, I[lo A, mpousBoxutcs
KOHTPOJIb TIPABMIIGHOCTH BBIYHMCICHHUH: B CIIydae 3aIllEMJICHHOTO KOHIA MEepeMEIIECHHS
An OJDKHBI OBITH PpaBHBI 33JlaHHBIM IIEPEMELICHUSIM, B INPOTHBHOM Cilydae —
BBIYHMCIICHHBIM [IEPEMEIIECHHSM y3J1a.

(11)
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II 2.7. Pacuer y31a

IT 2.7.1. Pacuer HauMHACTCSI C 3aMEHBI KPUBOJIMHEHHBIX 3JIEMEHTOB BITHCAHHBIMHU
JIOMaHbIMH, T.€. C OIIPEIENICHUs] KOOPAMHAT TOUEK, M3JI0Ma MOCIeAHNX (cM. Toapaszen 5.3).
KpOMe TOro, JJisa KpHBOﬂHHCﬁHBIX JJIEMCHTOB IOJDKHBI 6BITI) BBIYUCJICHbBI 3HAYCHUS
ko3 purmenta kp.

[NocnenoBaTeIbHO BBEIMUCIISIOTCS [Tl CEYCHHIA, T/Ie YCTAHOBJICHBI POMEKYTOUHBIC
OTIOPBI, MATPHIIBL:

! :_[C| +b| Lk]_ld|;
N, :_[C| +b L, ]_lbINk; (12)
M, :[CI +bILk]_1[_ble +g|]’

TpHIeM:
Lo=0s (uyneBas matpuiia 6x6);
No=ls  (emuHMuHas mMatpuiia 6x6);

Mo=0, (myneBoii Bextop 6x1);

bl = blkblklalk;
C = _bniwllamlblkblil +E&;
d, =b; o
I = Mml»
-1 i -1 —
9y =bCr —BybyCy + Ty,
rac: I — HOMCD KOHIIA ITPOJICTA;
k — HOMep Hauasa mposieTa;
M — KOHEII CIIEAYIONIErO MPOJIETa;
e - MaTpuna 6X6, B KOTOpOﬁ HCHYJICBBIMU SBJISIIOTCA AHUAroHaJIbHbIC

DIEMEHTHI €)1+ 8
e:ll.l
eb, 0
€33
€h
0 els

€56
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st ynpyroii onopst:

Dj
=3¢
Il _ '3y I
€1=€p= J e33_k|’
LI
rue: k,, LI — OKECTKOCTb M paboyas JUIMHA MPOMEXKYTOUHOH NPYKUHHOM

MOJIBECKHU;

I .
PS(y) — pabouast Harpy3Ka Mpy>KUHHOW TTO/IBECKH.

Juis Bcex THIOB oOmop (KpoMme NpPYKHHHBIX) ell+ef'36 BBIYUCIISIOTCS
MIPOTPaMMOI W/WIH IPUHUMAIOTCS TI0 MCXOTHBIM TaHHBIM.

Brlunciienne maTpuil ¢ JBOMHOM HW)KHEH HHIEKCAUUENl NPOM3BOAMUTCA IO
¢dbopmymnam (9).

IIpumeuanue. Matpuist L, Ni, M, )xenatensHo 3aIOMUHATH I IPOBEISHUS
pacdeTa HalpsHKEHUN.

Kpowme ToOro, BEIYHUCISIOTCS MaTPHUIIBL:
N, =N;+..+L..LN +L. . .LLN +..+
+ Ly L LN
M, =M;+..+L.LM +L,.LLM +..+ (14)
+ L LM,
L, =L L Ly,

rue: J — KOHeI| epBoro MpoJieTa;
I — HAYaJo MOCIEHETO MPOJIeTa;
N — KOHEI[ y4acTKa.
Jlanee BBIYUCIISAIOTCS MATPHUIIBL:

Ay = bj_g(ajo - Njn);
Boo :b;é(CjO_Mjn); (15)
AOn = bj_éLJn

Z[JI}I TIPOMEKYTOUYHBIX YIACTKOB, KPOME TOT'O, BBIYUCIIAIOTCA MaTPHUILIBI:

A\m = bnrbr17r1(|6 _aanr);

AhO = AOn’ (16)

- _
B 0~ _bnrbnr (a‘nrl\/I rt Cnr) +C,,-

B cnydae, korjma y4acTok HE UMEET MPOMEKYTOUYHBIX OIop, B Gopmynax (16)
ClelyeT MPUHSITh:
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r=0; L =0, M, =0,

a B hopmymax (15):
j=n Nm=05 Mm:Oa Lin=le;
¢dopmyis (12) u (14) B 3TOM ciIydae HE HCTIOJIB3YIOTCSI.
pumeuanne. [IpuHUMaeTCs MpPEIIOKEHHE, YTO B y3JIaX NPOMEKYTOUHbIE
OTIOPBI OTCYTCTBYIOT.

I1 2.8. ®opmupoBaHue pa3pemaoileii cHcTeMbl ypaBHeHMit

I 281 Marpuust (15), (16) wucnodb3yoTces i (GOPMHUPOBAHUS
pa3pelarolei CuCTEMbl ypaBHEHUI:

z
A An A Ay | A (B

_ _ . . x|l [[=[B=].

N i i

(17

_ b
A B
Henecoobpasno ¢popmupoBanue cuctemsl (17) Npor3BOAUTH OJJHOBPEMEHHO C
pacyeToM y4acTKOB, HE BBIICISSA B OT/ACIBHBIN OJIOK.
) .
KoadpdummenTst AII' Aﬁ, ... — MaTPHIIBI 6X6;
) P
ﬂi, ﬂé, ey BI , Bé y +»» — BEKTOPBI-CTONOIBI 6¢1.
Kaxnas cTpoka cHCTEeMbI COOTBETCTBYET OJIHOMY Y37y, @ UMEHHO Y31y, HOMEp

KOTOPOTO COCTABJISIET HIKHM MHAeKC IpH A u B> u mepBbIi HIKHU HHIEKC Tpu A

(BTOpO# MHACKC — HOMEP Y3714, C KOTOPBIM JaHHbII y3e] COSAMHEH Y4aCTKOM).
Koapoummentst wm cBoOomHBle wWieHH cHcTeMBl (17) BBUHCIAIOTCA
CIIeIyIOIINM 00pa3oM.

I 2.8.2. Marpuna AE sBisiercss cymmoit matpun Ay, A, ydactkos,

CXOJAILIUXCS B AaHHOM y3ide |, mpudyeM Ui y4acTKOB, HyMepalus TOYEK IeJICHUS
KOTOPBIX Ha OTPE3KHM HauyMHAeTCs B y3ue, 6epercst Ay, a 1 yqacTKoB, HyMeparus
JIeTIeHHst KOTOPBIX 3aKaHIMBAETCs B y3iie, bepercst A .
P2 .
I 2.8.3. Marpuua Bi— SBIISIETCS. CYMMOH €0 3HaKoM MuHyC Matpuy B, n
B,, ysacrtkos, cxomsmmxes B ysne |, mpudem Ans ydqacTKOB, HyMepanusl TOUeK

ACJICHUS KOTOPBIX Ha OTPE3KW HAYMHACTCA B Y3JIC, 6€peTC${ BOn , a4 JJId TaKHuxX

Y4aCTKOB, HyMEpalus TOUCK ACJICHUA KOTOPLIX 3aKaHYNBACTCs B Y3JIC, 6epeTCH BHO .B
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CJlydac€ Korjga K y3jay HoaxoAguT KOHHCBOﬁ Y4acCTOK, B CyMMY BlfZ BKJIHOYACTCA TAKXKC

marpuua Ay, A, storo yuacrxa.

Bmecte ¢ Tem oTa Marpuna A, HCKIIOYAETCS U3 MAaTpULbl KOG (PUIMEHTOB

cucremsi (17).
B cnyuae korma TpyOONMpOBOAHAS CHCTEMa HMEET OJMH Y3€J, MaTpulla
MepeMENICHHIA ero OmpeaesseTcs no GopmyIe:

_(aZ )-1 ¥
A =(A%)"B2.
[Ipu BBIOOpE MeToNa ISl PELIeHUs] CUCTEMbI ypaBHEHHH CJIeyeT yYUThIBATb,

4ro Marpuna Kod(QGHUIMEHTOB  IONy4YaeTcs CHMMETPUYHOW, MOJIOKUTEIBHO
OIpeIeTICHHOM U MOXKET UMETh OOJIBIIOE KOJMUECTBO HYJIEBBIX DJIEMEHTOB.

IT 2.9. Pacuer ycujiuii, nepeMenieHuii, HanpsiKeHUii

I 2.9.1. Ilepememienust cedeHHi, TJe YCTAHABIMBAIOTCS IPOMEKYTOUHBIC
ynpyrue omopsl (T.e. KOHIEBBIX CEUEHHWH MpOJIeTa), BBIUUCIIOTCS Mo (opmyie

o0paTHOTO X0/a.
Ay = L+ Nip + M,

Ycunmus B Ha4adbHBIX CEUCHHSIX MPOJIETOB BBHIYHUCISIIOTCS O dopmyre (10).
i y9acTKOB, HE UMEIOIINX IPOMEXYTOUHBIX OIOp, YCHIHA X BRIYHUCISIIOTCS 110 TOH
xe popmyite mipu j=0, k=n.

Ycunmus 1 IepeMenieHus B MPOMEKYTOYHBIX CEUCHUSX MPOJIETa BEIUUCIISIOTCS
o ¢opmyie (11).

B BhIUKCISIEMBIX MATpHUIIAX CUJT TIEPBBIE TPU DJIEMEHTA SBIIIOTCS MPOCKITUIMHU
BEKTOpa CHJIBI HA OCH X1, X7, X3, @ OCTAJIbHBIE TPU — MPOSKIMIMH BEKTOpPa MOMEHTA Ha
Te ke ocu. llepBble Tpu dJEeMEHTa MaTpHIl IMEPEeMEIICHUN — MPOEKIMH BEKTOpa
MOCTYIATENBHOTO MEPEMEILIEHUS] HA OCH X1, X7, X3, @ OCTaJbHBIEC TPU — MPOCKIMH HA OTH
OCH BEKTOpa YTJIOBOTO MEPEMEIICHHUS.

Hnst ceuennit 0, 1, 2,..., N y4aCTKOB, a TAKXKe JAJIsl CEUEHUH, PACIOI0KEHHBIX
110 CepeIMHE KPUBOJIMHEHHBIX OTPE3KOB, BEIUUCISIOTCS HanpsbkeHus. [IpenBapurenbHo
MaTpula cui JXj, JCWCTBYIONINX B STHUX CEUCHHAX, IOJDKHA OBITH NPHBEIEHA K OCIM
ITOIBMKHOM KOOPAMHATHOHN CHCTEMEI 110 (popMyam:

X, =D,X;
" O
X, =D;/D,X,.

[lepBast gopmyna cropaBemTuBa s CCUCHHS, PACIIONIOKECHHOTO B KOHIIC
NPSIMOJIMHEMHOTO OTpe3ka M Ha CepeluHe KPUBOJIMHEHHOrO0 OTpe3Ka, a BTopas
(dhopMmyma — [T CeUeHUs, PACIIONOKEHHOTO B KOHIIC KPUBOJIMHEHHOTO OTpe3Ka.

Matpumna D; Berumcasercs B cooTBeTcTBUM ¢ 1.5.4.2. Jlnd cedeHUi,

pacIONOKEHHBIX B CEpeJUHE M B KOHIE KPUBOJHMHEHHOrO OTpe3ka, Martpuna Dj
BBIUHCIISIETCSI JUIsl OTPE3Ka B 11es1oM (g Beraucisiercst o ¢popmyie (5)).
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Marpuna:
DO — aio 0,
| 0, aio
rIe:
1 0 0

*

a =0 cos& sin?

*

*

0 -—sin 0 cosg—i
2

*

IIpu omnpeaeneHun HanpsHKEHU B

KPUBOJHHEHHBIX TpyOax ciemyer
YUUTBIBaTh paBeHCTBa (cM. pa3znen 5 PTM):
N, =—X,;
M, =-X,;
M, = X;;
|M z | = ‘ Xs "
rne X, X,, Xg, X4 — DdleMeHTHl BEKTOpa BHYTPEHHHX CHI, OTHECEHHOTO K
TEKyLIEeN cucTeMe KOOPAMHAT.

Yron @, XapakTepH3yIOLIMi IOJI0)KeHHEe OOKOBOTO OTBepcTHs B Tpyde
(TporiHuKOBBIH y3em, cM. puc. 114.7 PTM), nomkeH OTCUUTHIBATHCS OT TOIOKHUTEITEHON
OCH X, B CTOPOHY TIOJIOXKHTEIBHON OCH X, .

0
Hanpsixenue O, ONpeneNsIeTcs IpH 3ToM 1o hopmyre:

o _ —X,sin@+ X, cosP X,
Omn =

W =

22
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[puno:xkenue 3. YucieHHAss METOAUKA pacyeTa MOA3eMHBIX TPYOONPOBOI0B

11 3.1. O61ue moJoKeHus

PaccmarpuBaercs B3auMojieiicTBUE CTaJIBHOTO TpyOonpoBoza c
MIPOMBINIUICHHOW WM30Jsinuel (Hampumep, neHonosnuyperanoBoi, [1I1Y) B oGosouke (B
YaCTHOCTH, MOJMITHICHOBOH, [1D), KOMIIEHCHpYIOIIMX NOAYyIIeK (KaKk MpaBHIO, H3
MIEHOIUIACTa) U TPyHTA.

ConpoTuBjieHHE MEpeMEIEeHUsIM B IIIOCKOCTH, MNEPHEHIUKYISIPHOM ocu
TpyOOIIpOBO/a, BCIEICTBHE €r0 HarpeBa MOJCIUPYETCS B KaXKIOH TOUYKE IIEMbIO
MIOCIIEIOBATEIbHO COCAMHEHHBIX TpykuH. Ha puc. 3.1 mokasaHa mnpyXWHHas LElb,
MOJIETIMPYIOIIAsl  CONPOTHBIICHHE OOKOBBIM MEpeMEIICHHSIM B TOPU30OHTAJILHOM
IUTOCKOCTH. B BEpTHKAIBHON MIOCKOCTH UIMEEM aHAIOTHYHYIO PACUETHYIO CXEMY.

1 2 3
|

Puc. 3.1

[Mpyxuna | monemupyer compoTHBIeHHE OOKOBBIM mepemenienusiM [1ITY-
M30JIALMY, TpYXHUHa 2 — TMOAyIIeK U3 IMeHOoIUlacTa, MNpYyXHHa 3 — TIpyHTa.
ConpoTHBICHHEM TIOJIMATUIICHOBOK 000JIOYKH B CHITy €T0 MaJOCTH ITpeHe0peraem.

INomymnixu 13 neHomIacTa MOryT OTCYTCTBOBATh, TOIJA YUCHIO MPYKUH COKpAIaeTcs,
T. €. IIeTb Oy/IeT COCTOSATh U3 PYKHH 1 1 3.

B dopmye:

B= i
HazoBeM npomseeneHue KoD, nmuHEeHHbIM KO3 (HIMEHTOM MOCTeNH U 0003HAYUM €ro
yepes K. [t aToro koaddunuenta cnpaseainsa Gopmyia:
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1 1 1 1
— =4+ —
kK kK, k
1 1 1 1
—_—=— — 4 —
k k Kk, Kk

ITycth ckaTHe Tpex IMOCIEOBATENbHO COSIUHEHHBIX NMPYXUH Ok, TOTna, Aehopmarun
C)KaTUs KaXJON MPYy>KUHBI COCTABUT:

53:5kk—.
3

OTHOCUTEIIbHBIE Z[e(l)OpMaHI/II/I CXXaTHusia 6yI[yT CJICAYIOIMIUMU:

™ K
[ I

S| &[> &
[ [

N

|~ & |~ ==

)
Il

=~

[

XKectkocTh Kaxaoil NPYXKHHBI XapaKTepu3yercst CBOMM KoddduimeHTom
MOCTEJIM M 3aBHCUT OT OOKOBOTO MepeMenieHus TpyObl He nuHeiHo. Onpenenenue Ky, Ko,
K3 MpUBOAMTCS HIDKE.

11 3.2. IIITY-u3oassuus

JInueitusiii kodddumment mocremn, H/vm®

k =k, -D,,

K
rae:
S
_E
S

u

Kia

Els — moynb yrpyrocta ITITY -msomsimn (cexymas), H/mm?,
S, — TOJIIIMHA U30IISALUH, MM.
Su = 0’5(D1< - DH)
D, — auamerp xoxyxa usonsuun, mm,

DH — Hapy)XHBII JuaMeTp TpyOBbl, Mm.

24 HUILL CtaIluO



IIpunoxenue 3

Els BBIUHCIISIETCSI IO hOpMyJIam:
«npn £<0,03  E:=8,8 Hun?,
* ipu £>0,03
E’ =B,(100s - B,)* - (B, —100¢)%,
Trac:

B,=1016,2;

B,=-4,0397;

B;=83,339;

B,=-1,1678;

B<=-0,56135.

0,
B npuBeeHHBIX GOpMyTax & = —-
k
Ky HaxoJmTCs ¢ IOMOIIBIO Hreparmii. HauamsHoe npubmmkenue i E: =8,8 H/ud’.

IIpu nuckpeTtHOW MOIENM B3aUMOJECHCTBUSL C TIPYHTOM JKECTKOCTb

oKBUBaNeHTHOW mpyxuubl ¢;=K;| (I — mar paccranoBku ympyrux ormop), a ee
nogatiauBocTs A1=1/c;.

1 3.3. Komnencupyomas noaymka

Juneiinpiii kodddurment nocrems, H/yum?

_ _ S
kz—khz'Dx =E;.
rae:
S
Ky = 22
h2 — D ”
K
E2s — MOJIyITb YIPYFOCTH MOAYIIKH (cekymmas), H/mm?,
D, — Tomumna nosy1ex, npuHuMaemast paBHOR MaMeTpy KOKyXa H30JISLIH, MM.
E, :
, BBIYUCIIAETCS IO popMmyIIe:
s __ B,-¢ By¢
E, =B -7 +B,-e™,
rae:

Jna “msexux” nodywex
B,=0,4767-10"";
B,=26,055;

Bs=0,03062;

B,=1,5326.
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Jna “cpeonux’ nooyutex
B;=0,1557-10°;
B,=18,348,;

B;=0,05082;

B,=2,0017.

s “ocecmrux” nooyuiex
B;=1,5026-10";
B,=16,347,

B5=0,1242;

B4=1,2863.

o S
k, HaxomuTes ¢ oMoIIbI0 utepanuii. HadanpHoe npubimKkeHue uis E2 -0,3
H/m?.

Ilpu npuckperHoll Mozenu

B3aPIMO,I[eI>iCTBPIfI C TPYHTOM JKCCTKOCTb

SKBUBANICHTHON mpyxuHbl c;=K,| (I — miar paccranoBku ympyrux omop), a ee
MOJATIUBOCTE Ay=1/cs.

I13.4. TpyHT — rOPU30HTAJIbHAS MJIOCKOCTH

Jluneiinsiit kosddumment nocrems, H/mm’

Ky =Ky - Dy,
rue:
R, s R,
5 | 3| > kO
- _|Pl g
h3 R
0 2p
Kos |6 < 0
h3
B npuBenenHbix hopmynax:
Rep — HecyIasi cmocoOHOCTh TPYyHTA, Himm?.
27
0 012E,7.,, 5

=————|1-e™
h3 2 !
(- 15)\,D,
Eep — MOJTYJTb ynpyrocTu rpynta, H/um’;

|0 — eIMHUYHAS JUTHHA TpyOoIpoBona, pasHas /000mm;
[Ipumedanue: eciu NPUHUMAIOTCS  JPyrHe  Pa3MEpPHOCTH, HampuMmep
KUIorpamMmel — cantumetpsl, T0 |, =100cm, a eciiu TorHBI-MeTphI |, =1w.

M — xoapdunment [lyaccoHa rpyHTa;
26
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Z — r1yOuHA 3aJI0KEHUS OT MIOBEPXHOCTH JI0 OCH TPYOBI, MM,
1., — K03(hGULUIEeHT, XapaKTEPU3YIOLIHH I0JI0KEHUE B TPAHILIICe.

1., =0547p% — B+0,854,

<1

,d — paccTosHIE 0T OOKOBOM 00pa3yroIIeii MOBEPXHOCTH

a

Z
p=
1

a
Z
221
Z
KOXXyXa IO CTCHKH TPaHILICH, MM
a=150 D, <700
a=0,25D, D ,>700

Benuunna K; HaxoauTcs ¢ MOMOMIbIO wurTeparmil. HaganpHOe mNpUOMKEHUE IS

0
kh3 ~ Ph3-

Ilpn  OWCKpeTHOW MOIENM B3aMMOJAEHCTBHA C TPYHTOM  JKECTKOCTD
SKBUBAJICHTHON mpykuHbl c,= Kgl (I — mmar paccraHoBku ympyrux omop), a ee
MOJATIUBOCTD Az=1/c,.

II 3.5. T'pyHT — BepTHKAJIbHAS IVIOCKOCTH, apaJjljiejbHas 0CH TPYObI

Jluneitnsiit kodddumuent nocremu, H/mm’
Ks = Kys - Dy,

rac kh3 HE JUHEHHO 3aBHCHUT OT BCPTUKAJIBLHBIX HepeMeHIeHI/Iﬁ pr6onp0130z1a n
PaCCUYUTHIBACTCS MO HUKE MPUBCIACHHBIM (1)opMynaM:

o _ O144E, ., S0 )
h3ocu — ) 1npu 0,20 (rmepeMeneHue BHA3
- A)I,D.
o _O0E,. [ oo )
h3sac — ) 1pu 0,<0 (rmepeMenieHue BBepx).
(- 1*)\/1,D,
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0 53 < anpep _qﬂ
kh3xar K Cp,Z
qn
Q,, +| 05 + 5= ]~C .
_ g [ : kf?Smc K P qnpep _ qnp <§ <— qnp ep.
0 3 0
53DK kh33u( K Cp,Z kh3mL K
0
kh3 — qnpkh?)xaﬂ ?npzp < 5 < 0
qnp.cp, kh33ac K
R
kl‘(l)30cy 0< 53 <= Oep
h3ocn
E Rep
53 kf?SocH
Q,..p. — IPENEITBHOE CONPOTHBIICHUE TPYHT, H/mm
x : 0,72C,,
qn 2 :7/2 DK Z__DK +k 72 .Z tgo’7¢2 +— '
P L 8 v " cos0,7¢,,
1 D, >1000mm
k = D )
“~ D, <1000rm
1000

7/2p

— 0OBeMHBIT Bec rpyHTa, H/mm’,

(Onp — MPEACITEHOE COMPOTHBIICHAE MONCPEUHBIM IEPEMEIICHUSM, H/um
qnp = qmp + qnp.ep.’
Onpenenenue (), npusenexo B I1. 3.7.
C pz ~ KOODQULMCHT pasrpysKy, H/um®
qnp
e Z+0,5D,
R, , — HECYIIasi CLIOCOOHOCTb IPYHTa, H/mn?.
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II. 3.6. 'pyHT — BepTHKANbHASA NJIOCKOCTh, NIEPHEHIMKYJISIPHASA 0CH TPYObI

ConpoTuBieHHE TpyHTa TIPOIOIBHBIM IEpPEMEIICHUsIM TpyObl B 00JacTu
YIPYTOIUIACTUYECKUX MOXKHO IPEACTABUTH JUHEMHON 3aBUCHUMOCTBIO, IIPENJIOKEHHOU
A.b. Annbungepom {AiiH6uHnep A.b. Pacuer MarucTpaibHBIX ¥ IPOMBICIOBBIX
TpyOOIPOBOIOB Ha POYHOCTH M ycToH4nBOCTh. M., Hempa, 1991 r}.

T,'zp = chA yen !
3necs:
2

T,, — IIPS/CIBHOE CONPOTHUBIICHHE TPYHTa CABHIY, H/cv®,

C.g — OOOOIEHHBIH KOI(PMHIMEHT KACATENBHOTO CONPOTHBICHHS TPYHTa
H/cst,

A yen — YCTOBHOS TIEPEMEIIICHHE, COOTBETCTBYIOIICE TPEETBHOMY CONMPOTHBIICHIIO
TPYHTa CIIBUTY, CM.

3aBHCHMOCTH TOJIydeHa IyTeM 3aMeHbl HCTHHHOM JUarpaMMbl CONIPOTHUBIICHHS
TpyHTa MPOAONBHEIM NEPEMEIECHUAM, UCATU3UPOBAHHON, IOCTPOCHHOM MO aHAJIOTHH C
muarpammort [Ipanarinsa. O60OmIeHHBIH KOI(HUIMEHT KacaTelbHOTO CONPOTHBICHUS
TPYHTa IPEACTABISIET COOOH OTHOIICHNUE:

1 UMeeT pa3MepHOCTh K03 GHIMEeHTa ITOCTENH IPYHTA P caBHUre. B HopMaTuBHOI Oase
10 TPYHTaM OH COKpAIIEHHO Ha3bIBaeTCs KO3()(HUIIMEHTOM COMPOTHUBICHHS ITPOIOIBHBIM

nepeMemieHusaM.  3HaueHHs  C,,, IIONy4eHHBle B  pe3ynbraTte  00paboTKM

OKCHIIEPUMEHTAIIBHBIX JaHHBIX UISI HEKOTOPBIX TUIIOB TPYHTOB, TPUBEIACHEI B Ta6n1/1ue.
HpI/I OTCYTCTBHH 3KCIICPUMCHTAJIbHBIX AAHHBIX OIS MOJYYCHMS 3HAYCHHA C

MOYKHO HCIIOJIb30BATh MPUOIIIKEHHYIO (OPMYITY:
c.o =nk,(h),
rie:

ku (hl) — K03(G(HUIMEHT IOCTeJM TPyHTa IIPHU CIBUTE, COOTBETCTBYIOMINI

TOJIIIIMHE CIIOA TPYHTA Hal TPyOoit hl B 1 meTp,
N — noHmwKawoUKH K03(hULKMEHT, IPUHUMAEMBbIH 1O TabiuIe, Koraa TOJIIuHA
cIosi TpyHTa Hax TpyOoi h, mpessimaer 1 merp. 3aBucurt ot otHotuenus h, / h,.
JInneiinpiii kooddurment nocrem, H/ym?
ks =Kpz- D,

rac:
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qmp |53| > qmp
|53 Dk ﬂDKCXO
Kns = q
T <D,
kX0

B npuBenennsix popmynax:

Qmp — WHTEHCHUBHOCTb CHMJI TPEHHs, JEHCTBYIOIIMX BJAONL OCH TPYyOBI NpH
GeckananpHOM mpoknazake, H/m; (P 10-400)

D, — nmamerp KoXyxa U30JIIHIH, M,

Cxo — 0000MmeHHbI K03((UIHEHT KacaTeIHOTO CONPOTHBICHHS IpyHTa H/M;
BBIUMCISIETCSI KaK CpeHsAsA BEIMYMHA MEXOy Kod(duimeHramu rpyHTa OCHOBAaHUS,
3aCHINKH CBEPXY U COOKY;

03 — OCEBBIE TIepeMeIeHNS TPyOOompoBoa.

Benmnunnaa K3 HaxoauTcs ¢ TOMOIIBIO uTepanuit. HadampHoe MNpPHOIMKEHHE ISt

k., — k.
h3 ~ fh3
B ciyuae npuMeHeHHsS KOMIICHCHPYIOIUX HOAYyIIEK, BeMMYHHa KO3 dULHEeHTa
nocrenu K; ymenbiraercs B 1000 pas.
Jns  peann3oBaHHON JUCKPETHOM MOZENM B3aUMOJCHCTBUS C TIPYHTOM
ECTKOCTh 3KBUBAJICHTHON TpYuHbI ¢,=K3l (I — mar pacctaHoBKH ympyrux omop), a ec
MOIaTIIMBOCTE Az=1/c,.
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Tabmuma I13.1

3navenne 00001EeHHOr0 KO3()(PUIMEHTA H CONPOTHBJIEHHs TPYHTa C 4, MIla/cm

IIpenensl HOPMATUBHBIX XapakTepUCTHKH TPYHTOB IIPpU Koo duirenTe
Bupl rpyHTOB 3HAYeHHI KOHCHCTEHINH HOPHCTOCTH &

rpyHTOB I <0,5 0,5-0,6 | 0,61-0,7 | 0,71-0,8 | >0,8

Tleckit rpaBeruCTbie, KpymHbie - 0,033 0030 | 0027 | 0025 | 0,025
U CPEIHEN KPYITHOCTH

ITecku MeJIKMeE U NbLIEBAThIE - 0,025 0,021 0,021 0,019 0,019

Cymecn 0<1,<0,25 0,035 0,033 0,030 0,030 0,030

0,25<1,<0,75 0,035 0,032 0,030 0,025 0,025

Cyrmmsxn 0<I,<0,3 0,038 0,035 0,035 0,032 0,030

0,3<1,<0,75 0,035 0,033 0,030 0,025 0,020

Cotvtiint 0<l1,<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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[Tpubmwkennsle  3Ha4eHUss KOI((HUUMEHTA ITOCTEIH ku (hl) Juis

HEKOTOPBIX TUIIOB TPYHTOB, 3aMMCTBOBaHHbIe U3 [57], npuBenens! B Tadbmuue [13.3.

Ta6imna I13.2
Honmxaromuii ko3ppuuuent N

h /h, 10 0.8 0,6 <05
n 1,0 0,9 0,8 0,75
Ta6nuna I13.3

3HaveHus ko3 dunneHTa NOCTEJIM IPH CABUTE
NPH BBICOTE 3aCBINKH HaJ TPyOoi h1 =1,0m

I'pynr k,(h,) H/em®
Cymnech 5
CyrimHok 4
Topd cyxoii 0,5
Topd BraxHbIi 1,0

II. 3.7. Onpenejienne HATPY3KHU OT Beca FPYHTa, dedcTBYIOLIeH Ha TPyOONPOBOJ

HopmaTuBHYI0 Harpy3Ky oT Beca TpyHTa Ha €IMHHUILY JUIMHBI TpyOOIpoBoa,
YKJIQ/IIBAEMOT'0 B TPaHIIIEE, CIEAYET ONPEACIATH 1Mo (hopMyie

qep:nh 7/epBH’

rac B- pacyCTHas MMpHUHA TPAHIICHU Ha YPOBHC BEPXa U30JIAILUH,

g

Z - pacCTOsIHHE OT OCH TPYOBI 10 TIOBEPXHOCTH 3EMIIH, M;

7Th - KOO QHUINEHT BEPTUKAIHHOTO JIABICHUS TPYHTA, ONPEAeIeMbIi 110 TabmuIe:

HIB KoaddummeHT BepTHKaIBHOTO NAaBICHUS 7)) JUISL TUIIOB TPYHTOB
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
50 0,45 0,48 0,51 0,56 0,60
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IIpunoxenue 3

HIB KoadduimeHt BepTHKaIBHOTO IABJIEHHS 7 VISl TUIIOB TPYHTOB
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

IIpumeuanue. Tuns IpyHTOB:

1 - mecku MaJIOBNIaXKHBIE M PACTUTENBHBIN TPYHT;

2 - NeCKH W PAaCTUTENbHBIH TPYHT BJIaXHbIE M HACBHIILIEHHbIE BOJOW, CyIech
TBE€pAadA, TyromjiaCTuiHas v mjiaCTu4yHas; CyrJIMHOK TBCpI[I:Iﬁ u TyI‘OHJ’[aCTH‘IHBIfI;

3 - cymech MATKOIIACTHYHASI U TeKy4asl; CyTJIMHOK IUTAaCTUYHBIN, TJIMHA TBepAas 1
TYTOIJIaCTUYHAS;

4 - CyIrNIMHOK MSTKOIUIACTHYHBIA M TEKy4Ydid, TJHMHA IUIaCTUYHas U
MSATKOIIaCTHYHAS;

5 - rmHA TeKy4asl.

B TpyOompoBonmax OeckaHalbHOM NPOKIAJKH B TPYHTE CHJIBl TPEHHA
JEWCTBYIOT BJOJIb OCH TPYOBI Kak pacnpesienieHHasl Harpy3ka ¢ HHTEHCHUBHOCTBI0 H/m:

O = 4|1-05sing, )y, Z 7 D+g|
raec.
g — CyMMapHBI{i IIOTOHHBII BeC MaTepHaa TpyObl, TPOAYKTa, H30JSIHH.
@op — YOI 6HYMPEHHE20 MPEHUsL 2DYHMA.

Koaddunment tpenus onpenensercs no hopmyJie

ILI = tg nm ¢ep !
rae:
Ny - KOS(l)(l)I/IHI/IeHT, 3aBUCAIIMI OT KOHCTPYKIIUU HU3O0JIALIAU U XapaKTepa
Harpy>KeHus.
I[J'IS[ Hanbosee pacnpoCTpaHCHHbIX HU30JIANHUOHHBIX KOHCTPYKHI/Iﬁ 3HA4YCHUA
Ny IPUBEACHBI B Ta6J'II/III€. I[J'ISI APYTUX HU30JAOUOHHBIX KOHCTpYKIII/Iﬁ 3Ha4YeHusd Ny,
CJICAYCT MPUHUMATHL Ha OCHOBE CIIPABOYHBIX WJIM SKCIICPUMCHTAJIBHBIX JdHHBIX.

Koaddumment Ny,
IlenonmonuyperaH ¢
Xapakrep HarpyKeHHs P ApMOTIeHOOETOH,
000JI0YKOH U3
MOTMMEpOETOH
[OJIUATHIIEHA
MHOrokpaTHOe 4YepenoBaHUE LUKIOB
p pez I 0,33 0,67
HAIPEB - OXJIAXKICHUE
OmHOKPATHBIN HarpeB (OXJIaKICHHUE) 0,67 1,00
Kparkospemennoe MPUJIOKEHHUE
DaTKOBD p 1,00 1,15
Harpy3Ku
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Mpuioxenne 4. XapakTepuCcTUKH NPYKUHHBIX OMOP
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I14.1 MBH 049-63

Tabmuma la. MBH 049-63. KecTkocTn npy:kuHHbIxX neneii Ky, kH/m

MaxcumanpHast Harpy3ka nenu (Pi), kH (Ha ogny T4TY)
z |o095 193 |28 [504 |799 [11.33 [1532 | 201 [2373 |[3354 |4531 |56.09
1 |1357 2757 4086 72.00 1141 161.9 2189 2871 339.0 479.1 6473 8013
2 |6786 1379 2043 36.00 57.07 80.93 1094 1436 1695 2396 323.6 400.6
3 |4524 9190 1362 2400 3805 5395 7295 9571 1130 159.7 2158 267.1
4 |3393 6.893 1021 18.00 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 12.00 19.02 2698 36.48 47.86 56.50 79.86 107.9 1336
7 |1939 3939 5837 1029 1631 2312 3127 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 8.000 12.68 17.98 2432 31.90 37.67 5324 7192 89.03
10 | 1357 2757 4086 7200 1141 1619 21.89 2871 3390 4791 6473 80.13
O6o3navenus npy:xun no MBH 049-63
N A MaxcumanpsHast Harpy3ka nenu P, (xH)
1w 095 [193 [286 [504 |799 [11.33 [1532 |201 [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

Mocksa, 2021
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“CemeticTB0o” mporpaMMHubIx koMmmiekcoB ACTPA-HOBA’2021

Ta6muua 16. MBH 049-63. YKectkocTn npyxuHHbIX nenei Ky, kr/em

MaxcumanbHas Harpy3ka menw (Pir), kr (Ha ofHY TATY)
z |98 |197 292 [514 [814 |1155 |1562 | 2049 [2419 |[3419 |4619 |5718
1 |1383 2810 4165 7339 1163 1619 2231 2927 3456 4884 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 14.68 2327 3237 4462 5854 69.11 97.68 1320 163.4
6 |2306 4684 6941 1223 1939 2698 3718 4878 57.59 8140 1100 136.1
7 |1976 4015 5950 1048 1662 2312 31.87 41.81 49.37 69.77 9426 1167
8 |1729 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 7339 1164 1619 2231 2927 3456 4884 6598 81.68
O6o3navyenus npy:xun no MBH 049-63
N A MaxcumanbHas Harpyska men P, (kr)
Twvv | 968 [197 [292 [514 |814 [1155 [1562 [ 2049 |2419 |3419 |4619 |5718
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

[Mpumeuanue: A — nporud npu MakcUMalIbHOW Harpyske, Z — CTpyKTypa Lelu:
1=1, 2=2, 3=2+1, 4=2+2, 5=2+2+1, 6=2+2+2,
T=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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1 4.2 OCT 108.764.01-80
Tabnuna 2a. OCT 108.764.01-80. KectkocTn npykuHHBIX neneii Ky, kH/m

MaxcumarnpsHast Harpy3ka nenu (Pi), kH (Ha ogay T41Y)
z |126 273 [524 | 8 |1167 [16.34 1966 [2634 [326 |400 |486 |5845
1 |18.00 39.00 7486 1143 166.7 2334 2809 3763 4657 571.4 6943 8350
2 |9.000 1950 3743 5714 8336 1167 1404 1881 2329 2857 347.1 4175
3 |6.000 1300 2495 3810 5557 77.81 9362 1254 1552 1905 2314 2783
4 |4500 9750 1871 2857 41.68 5836 7021 9407 1164 1429 1736 208.8
5 |3600 7.800 1497 22.86 33.34 4669 56.17 7526 93.14 1143 1389 167.0
6 |3000 6500 1248 19.05 27.79 3891 4681 6271 77.20 9524 1157 1392
7 |2570 5571 1069 1633 2382 3335 4012 53.76 66.53 81.63 99.18 119.3
8 |2250 4875 9357 1429 2084 2918 3511 47.04 5821 7143 8679 104.4
9 |2000 4333 8317 1270 1852 2594 3121 4181 51.75 6349 7714 92.78
10 |1.800 3900 7486 1143 1667 2334 28.09 37.63 4657 57.14 6943 83.50
Oo6o3navenns npy:xun no OCT 108.764.01-80
N A MaxcumanpsHast Harpy3ka nenu P, (xH)
1w |126 [273 [524 |8 1167 [1634 [1966 |2634 [326 [40.0 |48.6 |58.45
1] 70 01 02 03 04 05 06 07 08 09 10 11 12
2140 | 13 14 15 16 17 18 19 20 21 22 23 24
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Ta6muna 26. OCT 108.764.01-80. KecTtkocTn npyxuHHbIX neneii Ky, kr/em

MaxcumanbHas Harpy3ka menw (Pir), kr (Ha oiHY TATY)
z |128 278 [534 [815 | 1190 | 1666 | 2004 |2685 |[3323 |4077 | 4954 | 5958
1 |1835 3975 7631 1165 1699 2379 2863 383.6 4747 5825 707.7 851.2
2 |9174 1988 3815 5825 8497 119.0 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 19.08 2912 4249 5949 7157 9589 1187 1456 1769 2128
5 |3670 7951 1526 2330 3399 4759 5726 76,71 9495 1165 1416 170.2
6 |3058 6.626 1272 1942 2832 3966 47.72 6393 79.12 97.08 1180 1419
7 2621 5679 1090 16.64 2428 3399 4090 54.80 67.82 8321 101.1 1216
8 |2294 4969 9538 1456 2124 2974 3579 4795 5934 7281 8847 1064
9 | 2039 4417 8479 1294 1888 26.44 31.81 4262 5275 6472 7864 9458
10 | 1835 3976 7631 11.65 1699 2379 2863 3836 4747 5825 70.77 85.12
Oo6o3navenns npy:xun no OCT 108.764.01-80
N A MaxcumanbHas Harpyska men P, (kr)
Iwvv | 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 MakcUMaJIbHOW Harpyske, Z — CTpyKTypa Lelu:
1=1, 2=2, 3=2+1, 4=2+2, 5=2+2+1, 6=2+2+2,
T=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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I14.3 OCT 24.125.109-01
Ta6muna 3a. OCT 24.125.109-01. ’Kectkoctn npyxuHHbIX neneid Ky, kH/m

MaxcumarnpsHast Harpy3ka nenu (Pi), kH (Ha ogay T41Y)
z |126 273 [524 | 8 |1167 [16.34 1966 [2634 [326 |400 |486 |5845
1 |18.00 39.00 7486 1143 166.7 2334 2809 3763 4657 571.4 6943 8350
2 |9.000 1950 3743 5714 8336 1167 1404 1881 2329 2857 347.1 4175
3 |6.000 1300 2495 3810 5557 77.81 9362 1254 1552 1905 2314 2783
4 |4500 9750 1871 2857 41.68 5836 7021 9407 1164 1429 1736 208.8
5 |3600 7.800 1497 22.86 33.34 4669 56.17 7526 93.14 1143 1389 167.0
6 |3000 6500 1248 19.05 27.79 3891 4681 6271 77.20 9524 1157 1392
7 |2570 5571 1069 1633 2382 3335 4012 53.76 66.53 81.63 99.18 119.3
8 |2250 4875 9357 1429 2084 2918 3511 47.04 5821 7143 8679 104.4
9 |2000 4333 8317 1270 1852 2594 3121 4181 51.75 6349 7714 92.78
10 |1.800 3900 7486 1143 1667 2334 28.09 37.63 4657 57.14 6943 83.50
Oo6o3navenns npy:xun no OCT 24.125.109-01
N A MaxcumanpsHast Harpy3ka nenu P, (xH)
1w |126 [273 [524 |8 1167 [1634 [1966 |2634 [326 [40.0 |48.6 |58.45
1] 70 21 22 23 24 25 26 27 28 29 30 31 32
2l140 ] 01 02 03 04 05 06 07 08 09 10 11 12
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Tabmuna 36. 24.125.109-01. KectrkocTn npyxkuHnbIxX nenei Ky, kr/cm

MaxkcumanbHas Harpy3ka nen (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 2912 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 21238
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 40.90 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
Oo6o3navyenns npy:xun no OCT 24.125.109-01
N A MakcumanbHast Harpyska nenu P, (xr)
Ivv 128 [278 [534  [815 [1100|1666 [2004 [2685 [3323 |4077 |4954 | 5958
1] 70 21 22 23 24 25 26 27 28 30 31 32
2140 | 01 02 03 04 05 06 07 08 10 11 12

[Ipumeuanue: A — nporud npu MaKCUMaJIbHOM HArpy3ke, Z — CTPYKTypa LCIH:
1=1, 2=2, 3=2+1, 4=2+2, 5=2+2+1, 6=2+2+2,
T7=2+2+42+1, 8=2+2+42+2, 9=2+2+2+2+1, 10=2+2+2+2+2
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II 4.4 Cnenuanbuble npyxunbl (BHUIIUIT)

Tabmuma 4a. ’KecTKocTH cHeNUaJBLHBIX MPYKUH B X0JIOMHOM M padodeM coctossHuu, KH/M

MaxkcuMajabHBIE Harpysku Cli€HaJIbHbBIX IPYXXWH B XO0JIOJHOM COCTOSIHUH, kH
0.6766 | 11.77 | 23.54 | 23.14

Z MaxkcuMajbHBIE Harpys3ku Cri€lHaJIbHbIX IIPYXXHUH B pa60qu COCTOSAHUMU, xkH
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 1T IV
H,, 117 201 296 366
Avaxevas 68 70 65 138
| Jgicron 70 70 82 140

ITpum. 1-s1 cTpoka — HOMEp MPY>KHUHBI, H,, — BBICOTA B CBOOOTHOM COCTOSTHUH, MM, Ayuxcpasy Avarcxor —

Mocksa, 2021

Makc-i 0calKa 1 3aTsKKa IPYKUHBI, MM.
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“CemetictBo” mporpaMMHubIxX koMiuiekcoB ACTPA-HOBA’2021

Tabnuma 46. ’KecTKOCTH crienUaJIBLHBIX MPYKMH B X0JI0THOM M padoyeM COCTOSTHUH, KI/CM

MakcumanbHbIe Harpy3ku Cri€HUaJIbHBIX IPYXXHUH B X0JIOJHOM COCTOSAHUM, KI

69.00 | 1200 | 2400 | 2359
Z MaKCI/IMaHLHLIe HanySKI/I CIICIUAJIBHBIX l'Ipy)KI/IH B pa60'—leM COCTOSHUH, 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

Ne I 1l " v
H, 117 201 296 366
Dvarepat 68 70 65 138
Dssaceron 70 70 82 140

ITpum. 1-s1 cTpoka — HOMEp MPY>KHUHBI, H,, — BBICOTA B CBOOOTHOM COCTOSTHUH, MM, Ayuxcpasy Avarcxor —

42

Makc-i 0calKa 1 3aTsKKa IPYKUHBI, MM.

HUILL CraluO



IIpunoxenue 4

I1 4.5 LISEGA. Crannaptasbie onopsl 2010, katasgor 2001 rox

[lonBecku U ONOPBI HOCMOAHHO20 ycUunUA @ LISEGA. Ta6muua BBIOOpA.

[Ipumep Br160pa: 24xH/210Mm.
Mocksa, 2021

Tun Harpy3ka (xH)
@
11C3 0,13* 014 0,15 0,16 0,17 018 0,19 0,20 021 0,22
a 11D3 | 11D2 | 025* 0,27 0,29 0,31 0,33 0,35 0,38 0,40 0,42 0,44
& 1115 | 1114 | 1113 | 1112 0,50 054 058 0,63 0,67 071 075 0,79 083 0,88
5, 1125 | 1124 | 1123 | 1122 1,00 1,08 1,17 1,25 1,33 1,42 1,50 1,58 1,66 1,75
3 _ 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
£ 8 1155 | 1154 | 1153 | 1152 8,00 8,67 9,33 10,00 10,67 11,33 12,00 12,67 13,33 14,00
ZE 1166 | 1165 | 1164 INI0630| 1162 16,00 17,33 18,66 20,00 21,33 22,66 24,00 25,33 26,66 28,00
58 17 | 175 | u7a b | un 24,00 26,00 28,00 30,00 32,00 34,00 3600 1 3800 40,00 42,00
g5 1186 | 1185 | 1184 : 1183 | 1182 32,00 34,66 37,33 40,00 42,66 45,33 48,00 : 50,66 53,33 56,00
ZE 1196 | 1195 | 1194 } 1193 | 1192 40,00 43,33 46,66 50,00 53,33 56,66 60,00 63,33 66,66 70,00
2 1286 | 1285 | 1284 | 1283 | 1282 64,00 69,33 74,66 80,00 85,33 90,66 9600 I 10130 106,66 112,00
D) 1296 | 1295 | 1294 : 1293 | 1292 80,00 86,66 93,30 100,00 106,70 113,30 120,00 : 126,70 133,30 140,00
g 1386 | 1385 | 1384 } 1383 | 1382 96,00 104,00 112,00 120,00 128,00 136,00 144,00 152,00 160,00 168,00
= 1396 | 1395 | 1394 | 1393 | 1392 | 120,00 130,00 140,00 150,00 160,00 170,00 180,00 | 19000 200,00 210,00
1486 | 1485 | 1484 | 1483 | 1482 | 128,00 138,00 149,30 160,00 170,70 181,30 19200 | 20270 213,30 224,00
(4) 1496 | 1495 | 1494 | 1403 | 1492 | 160,00 173,30 186,70 200,00 213,30 226,70 24000 | 25330 266,70 280,00
++2..(150Mm) i 135 140 145 150 145 140 135 I 130 125 120
...3..(300mMm) o270 ___ 280 290 300 290 _ 280 270 1 260 250 240
.+ 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) Jns BeIOOpa OIOp IOCTOSIHHOTO YCWIMs THIa 16, NpUMEHsleTcs TpyIa Harpy30K W JAWana3oH HepeMelIeHUH Ui
COOTBETCTBYIOILEH moaBecku Trma 11.
2),* Harpysku <0,25«H wu 0,13kH — mo 3akasy.
4) [Nonroe nepemenienue. 1o 3aka3y MoxkeT ObITH 0OOecTiedeH Auamna3oH nepemenieHus 7 (900mm)
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“CemelicTBo” mporpaMMHubIX koMiuiekcoB ACTPA-HOBA’2021

Ionsecku u onopsl nocmosaunozo ycunus LISEGA. Tabnuna Beibopa (IpoJ0HKeHHUE)

Harpy3ska (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 1,21 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 12 92
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 14 83 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 14 93 14 92

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) Jlns BbIOOpa OMOpP TOCTOSIHHOTO YCHIHMA THNa 16, OmpuUMeHseTcs TpyINIa Harpy30K M JAWala3oH MepeMeleHUd st
COOTBETCTBYIOIIEH moaBecku Trma 11.
2),* Harpy3sxu <0,25xH nmu 0,13xH — mo 3axagy.
(3) DTOT AMama3oH MOXeT OBITh YCTAaHOBJICH TOJIBKO Ha 3aBOJIE
(4) IMonnoe nepemenienue. 1o 3aka3y MoxeT ObITH 0OecrieueH uana3oH nepemenienus 7 (900mm)
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Kputepnu BbI00pa NpPy;KHHHBIX OABECOK B onop LISEGA

JomycTumoe H3MeHeHUe yCHIINA

JomycTuMoe u3MeHeHHe YCHINS MEXAy Harpy3Ko B XOJIOZHOM COCTOSHUH (yCTAHOBJICHHAs Harpy3ka) M Harpys3koi B
rops4eM CcOCTOSHMM (YCT@HOBJIGHHAsT Harpy3ka) OTrpaHHuYEeHbl OOLIMMHU MEXKIYHapOIHBIMH TEXHHUECKHMMH TpPeOOBaHHSIMHU K
aHAU3y HATPSOKCHUS TPYOOIPOBOIOB 3HAUCHHEM Makc. 25% OT paboueii Harpy3Ku.

MaxkcuMaiibHoe paﬁoqee nepeMenieHnmue
Ilomumo »Tor o, YTOOBI 3apaHee NCKIIIOYUTH q)yHKHI/IOHaJ'H)HLIe HapymieHus Mn3-3a HeCTaGI/IHLHOCTI/I, BBI3BAHHOW CIIMIIIKOM
JUIMHHBIMU TIPY?KUHAMU, HC JOJDKHO IMPEBBIIATHCS 3HAYCHUC pa60qer0 NnepeMetIcHus1, COCTABJLIIOMICTO MAKCUMYM 50 M.

7KecTkoCTh NpPYXKUH

Uto0bI 0OXBAaTHTh MaKCHMAIBHOE KOJIMYECTBO 00JIacTel MPUMEHEHHS, B TO K€ BpeMs, cOOIIoaas 0003HaUeHHBIE HOPMBI,
npyxuHHbIE 37eMeHThl LISEGA pa3nenensl Ha 5 qUama3oHOB NEepeMELIeHHs C Pa3sIMYHbIMHA 3HAUCHUSIMH JKECTKOCTH IIPYKHH,
COOTBETCTBEHHO.

OueHb ATHHHBIE MPY/KUHBI
Juana3ons! 4 1 5 noapa3zyMeBarOT NPUMEHEHHUE CIUIIKOM JUIMHHBIX MPY>KUH U JOJDKHBI UCIIOJIB30BaThCS TOJNBKO MOCIIEe

TEXHUYCCKOI'O aHaIn3a BCEX YCHOBHﬁ, 0COOEHHO B YYBCTBUTCJIbHBIX pr60Hp0BOZ[HI)IX CHUCTCMaX.

Tunel KOHCTPYKUMH
Br160p moaxozsmero THta KOHCTPYKINMH 3aBUCHT OT COOTBETCTBYIOIEH KOH(HUTYPAIMH OMOPHI MIIN YCIIOBUH MOHTaXa.

JKOHOMUYHbIE pa3Mepbl y3J10B
s HaxoxxaeHns: HanboJee YSKOHOMHYHOTO pa3Mepa, IPUMEHSETCSI CIeyomasi METOIIKA
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Bri6op mpyxunHBIX 37eMeHTOB LISEGA.
[Ipy>xunnsle nogsecku, tun 21, [pyxunnsie nogsecku, tun 25, [pyxunnsle onopsl, Tun 29, HakioHHble NPy KUHHBIE ONOPEL, TUI 20

JlnanasoH nepeMenieHust

O003HaYeHHE THIIA

1) 21C219 21D.19 211.18 212.18 213.18 214.18 215.18 216.18 217.18 218.18 219.18

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

JOS VORI R (OO W O 20D.19 201.18 202.18 203.18 204.18 205.18 206.18 207.18 208.18 209.18
PaGouee nep (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
5,0 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
75 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 5,33 10,66 21,33 32,00 42,66 53,33
17,5 35 70 | 105 | 140 ) 011 026 _ 070 141 283 566 _ 1133 22,66 34,00 45,33 56,66
20,0 40 80 120 160 0,12 0,28 0,75 1,50 3,00 6,00 1 12,00 24,00 36,00 48,00 60,00
22,5 45 1 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
250 _ 50 _I 100 _| 150_| 200_| _014 032 _ 08 166 __ 333 __ 666 i 13,33 26,66 40,00 53,33 66,66
275 » 110 165 220 , 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 | 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 | 70 140 210 280 0,19 0,40 1,00 2,00 4,00 8,00 | 16,00 32,00 48,00 64,00 80,00
375 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 | 80 160 240 320 0,21 0,44 1,08 2,16 4,33 8,66 | 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
50,0 i 100 200 300 400 0,25 0,52 1,25 2,50 5,00 10,00 ! 20,00 40,00 60,00 80,00 100,00

I Kecrkocrb npy:xunbi ¢ (H/mm, kH/m)
i T 333 66,6 100,0 1333 166,6
[ 111 222 U 444 88,9 133,3 177,8 222,2
i 2,1 4,1 8,3 16,6 333 I 666 13,33 200,0 266,6 3333
L_________________Evl____‘Ll____&3____12'2___32'2___62’9_JI 133,3 266,6 400,0 533,3 666,6
8,3 16,6 333 66,6 1333 266,6 5333 800,0 1066,6 13333
1) Nuama3on nepemerenus = 4-ast uudpa 0003HaAYCHHS THUTIA.

2

OOJIBIIIOTO THCTEPE3HCa MPYKHHBL.

HUILL CraluO

Hcnonp3oBanue 04eHb IJIMHHBIX TNIPYKUH PEKOMEHAYETCA TOJIBKO B OIPaHUYCHHOM YHCIIC CIIYYa€B H3-3a OTHOCUTEIIBHO




TIpunoxenue 4
Bri6op npyxunHBIX 251emeHToB LISEGA
IIpyxunHble noaBeckH, THM 22. [TocagouHble NPYyKUHHBIE TOBECKH IEPEMEHHOT0 YCHIIUS, TUI 26, IPY>KUHHbIE OMOPHI, TUI 28

Jnana3oH nepeMenieHuni O6o3HaueHne THIA
(1) 221.19 222,19 223.19 224.19 225.19
261.19 26219 263.19 264.19 265.19
S P O T I 281.19 28219 283.19 284.19 285.19
Pabouee nepemerenune (Mm) Harpyska (xkH)

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
75 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 BEEEE

40,0 80 160 138,66 173,33 208,00 260,00 346,66
425 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
Kectroctb npy:xunbi ¢ (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) JNuama3on nepemerenus = 4-ast uudpa 0003HaAYCHHS THUTIA.
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Bui6op HanboJ1ee moaxoasiero Tuna 25

1. Brpi00op naeaabpHON NPY:KUHHOI MOABECKH

IIpumep:

Pabouast Harpy3ka F=6000H
JlomycTumMoe OTKIOHEHHE p<25%
[Tepemernienue (BBEpX) s=15mMm

< 25%-6000H

c< =100H / mm

15mm-100%
BriOpan tun 2542 18
’KecTkocTh Npy>KUHBI c=66,6H/Mmm
XonoaHast Harpy3Ka F=7000H

2. Omnpepaesienue 3Ha4YeHHs] U3MEHEHUsI YCUJINH B MPOIEHTAaX
IIpumep:

Pa6ouast narpyska 6000H
[Tepememenue 15mm (BBEpX)
Bout BBIOpaH THI IPYKUHHOM moxBecku 25 42 18
C 5KECTKOCTBIO MPYKUHBI C=66,6H/MM
15mm-66,6 H [ mam-100% —16,65%
6000H

48 HUL] Cra/lunO
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I1 4.6 CBoaHas Tadauna moJn3oBatessi (A1)

50
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Tabnuua A.3 — Harpy3ku u nepemerieHus B Npy>XHHHBIX I10JJBECKAX H ONOPax

Cratryeckoe BO3ICHCTBHE JluHamu4yeckoe BO3ICHCTBHE
XapaKkTepUCTUKHU NPYKUH —
BeicoTa npyxuH, MM [lepemenienus no ocu, MM Ceiicmuka
Homep o OCT Harpyska na onopy, kH B pabodyeM |B Xo0J01HOM 3amiKKa pyKHi B Harpyska,
108 7% 4.01-80 ’ P Bunnmoe IlomHOE [MOHT.COCTOSIHMH, MM pysKa, Tlepemenienne no ocu, MM
6 Vuactok/ Cen Kou MBH 049 -6 > s COCTOSIHUU | COCTOSIHUK xkH DxS,
v . 7 ~09, 0,
3e1 enein OCT P ;ﬁx He ot A vt A, % MM
24.125.109-01, Pus | Por | Pruo Ho Hio, xt | x2 | x3 | x3 hoer, P | X1 | X2 | £X3
CTPYKTYpa ey
z
1 2 3| 4 5 6 7 8 o | 10 | 11 | 12 13 14 15 | 16 | 17 18 19 20 21 | 22 | 23 | 2
CADC 3 6nok CITuP, CAOP, omyckHbI€ Tp-/ibl
71-72 | 21| 2 oorg | 2373 | 268+497 | 70+140 | 2200 | 1239 | 3519 | 437 | 236+432 | 250+460 | 855 | 408 | 425 | 465 17+34 e
MBH 325.0%
78-79 | 1 | 2 sony | 1532 | 2034373 | 704140 |1610 | 2279 | 17.95 | 415 | 1664299 | 151+269 | 771 | -212 | 458 | 611 57+114 0
m32 | 82-83 | 6 | 2 e | 010 | 27413 | 24140 | 2090 | 2776 | 4632 | 268 | 2+3%7 | 2¢316 | 770 | 16 | 408 | 408 2%97 oy
mls | 83-243 | 18 | 2 Yo 7.99 184 70 |1040 | 1343 | 1388 | 291 | 138 125 | 68 | 42 | 133 | 132 59 o
67 | 83-243 | 19 | 2 b 799 345 140 | 620 | 768 | 706 | 239 | 291 218 11 | 34 | 130 | 130 67 oo
92-243 | 9 | 2 P 7.99 184 70 |86 | 88 | 790 | 24 146 us | 360 | 79 | 09 | 67 44 e
92-248 | 19 | 1 | [pywuma 498 | 546 | 445 | 24 163 | 09 | 42 | 75 219.0x
10JIb30BaTENS 12.0
93-249 | 8 | 2 OCT 24. 617 | 560 | 682 | 92 377 | 125 | 25 | -16 219.0x
HE OIpe. 12.0
MBH 219.0
93-249 | 11 | 2 s 799 | 1844345 | 70+140 | 598 | 7.36 | 533 | 231 | 158+203 | 152+281 | 359 | 11.3 | 181 | 190 33+65 0
76-77 | 3 | 1 pas 1133 405 140 | 521 | 713 | 440 | 369 | 341 317 | 353 | 380 | 238 | 446 109 e
mio | 76-77 | 10 | 1 MBH 2.86 931 | 41 181 | 383 | 7.4 | -101 139.0x
HE OIpe. 9.0
ms | s2-85 | 5 [ 2 [MBHO #2%1 095 | 126+2%242 | 70+42%140 | 115 | 151 | 155 | 310 |84+2%157 |71+2¢131| 989 | 81 | 656 | 67.1 56+2%112 Drs
82-85 | 17 | 1 s 2.86 322 140 | 173 | 269 | 175 | 555 237 190 629 | 267 | 470 | 656 150 76
100-101 | 10 | 2 OCT 108 2567 | 3262 | 2359 | 27.1 444 | 324 | 484 | 512 325.0x
HE OIpes. 16.0
m27 [101-257| 2 | 2 P 11.33 216 70 |1810 | 21.25 | 2410 | 174 160 B | 264 | 181 | 97 | 113 67 e
01-102| 7 | 2 b 7.99 345 140 1110 | 1412 | 1215 | 272 | 248 21 | 02 | 220 | 265 | 264 124 0

Ipumeuanne: A = ((Ppas - Pxox)/Ppas) * 100
Henonyctumas 3aTsKKa MpyKUHBI

-I — Harpyska npy>KMHHO# noaBecKH 0oJibIe TabIuuHO

— 3azaHHas )KECTKOCTh pr}KI/IHHOﬁ TIOJABECKHU HE COOTBETCTBYET TaOJINIHOMN

Mocksa, 2021
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IMosicHeHusi K CBO/IHO¥ TadJIMIIe MOJIL30BATEJISI
Hazpy3ku u nepemeujeHus 6 NPYHCUHHbIX ROOBECKAX U ONOPAX

Homep
rpagmbl

Ha3sBanue rpagni

Oo6o3HaueHne

KommenTapuii, popmyibl

Homep onopsi

Mapkep cedeHusl, Ti¢ YCTAHOBIICHA TIPY>KHHHAS
omnopa (1moBecka)

Ne yyactkalysna

Homep ydacTka A7 OHOPBI, PacloNnoKeHHOH Ha
y4JacTKe, MM HOMEp y371a JUIsl y37I0BOH OIOPEI

Ne ceueHust

Homep ceueHust aist ONOPbI, PaCHOI0KEHHOM Ha
y4acTKe

KoJi1-Bo neneit

Yucio neneil Npy>XUHHOM OIOP5I/IOABECKI

XapaKTepucTHKA

NpPYKHHBI

Howmep o
OCT 108.764.01-80,
MBH 049-63,
OCT 24.125.109-01,
LISEGA,
HOCT. yCHIIHUA
LISEGA
(cTpyKTypa Lienu)

CTpyKTypa Lemu ¢ yKa3aHHEM HOPMATHBHOIO
JIOKyMEHTa:

Z= Nl'anl + NZ'an2y

rae Ni, N2 — 4ucio mpyXuH ¢ MakCHMAllbHO
JomycTuMoii ocankoit A=70mm (A7), Ni=0
1, u A=140mm 0\,140) N2=O, 1, 2, 3, 4, 5
COOTBETCTBEHHO;

Nip1, Npp2 — HOMEp MCTIONHEHHS TIPYXKHHBI IS
A70 M A140 COOTBETCTBEHHO;

Crpykrypa uenu mnpyxun LISEGA (B Tom
qucie npykuH nocrosHHoro yemius LISEGA)
BBIOUpAETCS] HEMOCPEICTBEHHO M3 COPTAaMEHTA.
Ilpyxuna, wMeomas  CTaTyCc  IPYXXHHBI
MOJIB30BATENS] WM TIPYXKHUHBI IIOCTOSHHOTO
YCWIIHS,  BMECTO  yKa3aHHs  COPTaMEHTa
nomeuaercst Kak Ilpyscuna nonszoeamens un
Ipysicuna nocmoanno2o ycunus.

He 3anonnsemcs Iis NPYKHUH IMOJIb30BATENs
U HOJBECOK IOCTOSHHOTO YCHIIUS U B Cllydae,
ecJn KECTKOCTh NPYXKUHBL H3 COPTAMEHTA HE
COOTBETCTBYET TaOJIMYHOH (CTPYKTypa Hemu
HE OIpejieieHa)

Prax, KH

MaxkcumansHast — TabnuuHas — Harpy3ka — Ha
3a7aHHYI0 (BBIOPAHHYIO) LIETb OMOPEI.

He 3anoansiemcs R TPYXUH TOJIB30BATEIS
1 HOJBECOK IOCTOSHHOTO YCHIIUS U B Cllydae,
eci KECTKOCTh MPYXKUHBI U3 COPTAMCHTA HE
COOTBETCTBYET TAaOIMYHON (CTPYKTypa LEHH
HE OIlpejielIeHa)

Hes, MM

BeicoTra mpyHHBI B CBOOOJHOM COCTOSHHH B
COOTBETCTBUH C HOPMATHBHBIM JIOKYMEHTOM:
ch = Nl'Hmcn + NZ'HMOCB

rae Ni, N2 — 4uCio mpyXuH ¢ MakCHMallbHO
nomyctumoit ocaakoit 70mM (N;=0 mwm 1) u
140mMm (N,=0, 1, 2, 3, 4, 5) COOTBETCTBEHHO;
H™,, H*, — Bricora MPY>KUHBI B CBOOOJHOM
COCTOSIHUH ISt A79 M A140 COOTBETCTBEHHO;

He 3anonnsiemcs 1Uisl IPYXKUH TOJB30BATEIsl U
MOBECOK ~ MOCTOSIHHOTO — YCHITHS, —TIPYXKHH
Lisega, mpyXuH MOCTOSIHHOTO ycmiusi Lisega,
€CJI JKECTKOCTh TPYKUHBI U3 COpPTAMEHTa HE

52
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Homep
rpadnl

Ha3spaHnue rpadnbi

Oo603HaueHne

KomMmenTapuii, popmy.ibl

COOTBETCTBYeT TaOJIMYHON (CTPYKTypa Lemu
HEe OompeJeleHa), eciau paboyast MM XOJIOJHAS
Harpyska Ha TSTY IIPEeBbINIacT TaOJIMIHYI0

A, MM

MaxkcumanpHas 0cajKa IpyKUHbL:

A=N; 70 + N, 140,

rae Ni, N, — 4dmcno mpyXuH ¢ MakCHManbHO
pomyctumoir  ocaxkod 70 wm 140 MM
COOTBETCTBEHHO;

70 u 140 — MaKCHMaJBHO JIOMYCTHMas OCaJKa
(MM) OZHOW NPYXHHBI TIEPBOTO U BTOPOTO
HCIIONHEHHS COOTBETCTBEHHO;

He 3anonnsiemess ns NpYXKUH IOJB30BATEN U
MOABECOK  IOCTOSIHHOTO — YCHIIHSA, IIPYXKHH
MOCTOSIHHOTO ycuius Lisega, ecnu kKECTKOCTh
NPYXKUHBl U3 COPTaMeHTa He COOTBEICTBYET
TaOJIMYHOU (CTPYKTYypa LIENU HE ONpeJeeHa),
eciu pabodast WM XOJOJHAS HAarpy3Ka Ha TATY
[IPEBhINIAET TAOIHIHYIO

CTraTnyeckoe Bo3/ieiicTBHE

Harpyska ua omopy,
kH

PpaG

Crarudeckasi Harpy3ka Ha oOIOpy B pabodeM
COCTOSTHHH:

1. 3ananHas BenuuuHa “Pabouast Harpy3ka” s
PacueToB ¢ 3aaHHBIMH KECTKOCTSIMHU HPYKHH.
2. Ompenensiercss Ha 3Tane 1 U3 ycJIoBUS
“a0COoMIOTHON” SKECTKOCTH OIopbI B
BEPTUKATGHO HANPABICHHU JUII PAacdeToB C
oIpesieNIcCHUEM pabounx Harpy3ok u
JKECTKOCTEH MpPYKHMH, U Uil pacuéToB TOJIBKO
PpabodnX Harpy30K MPY>KHUH.

Ecmu Py mpebimaer Pra (rpada 6), don
MOAKpAIIMBaeTCs M,  OOMONHHUTENBHO, B
NPUMCYaHHH  BBIBOAUTCS  JAUArHOCTHYECKOE
coobuieHne

10

Harpy3ska Ha onopy,
kH

Prox

Craruyeckasi Harpy3ka Ha OMOPY B XOJIOJHOM
COCTOSTHHH:

Pxon = Ppaﬁ + (U3 - Un) CI\‘ N

Us TEeMIEpaTypHOe MEpEeMEIICHHE 10
rioGanbHoO# ocu Z (3tan 3);

U, — 3aJaHHOE BEPTUKAIBHOE IIEPEMEIICHHE
TOYKHM MMOABECA MPYKUHBI;

Cy JKECTKOCTh  Ienu  (3aJaHHas  WId
BBIOpaHHas);

N — gmcno uemneii.

Ecnu Py, mnpeBbimaer Pms (rpada 6) o
MOAKPAIIMBAETCS M,  AONOJHHUTENBHO, B
MPUMEYaHHH  BBIBOAUTCS  JAHATHOCTHYECKOE
co00IIeHHE

11

Harpy3ka Ha onopy,
kH

Pucn

Craruueckas Harpy3ka Ha OIIOpY B PpEXHUME
WCTIBITAHAN TS PacCmymeHHbIX IPYXKUH:

Pucn = Plucn - U3M C|< N

rae:

qucu = szu') + (U3 - Uu) Cl( N- (Tp - TM)/(TP - TX)
Ppﬁ') — pa60qaﬂ Harpyska Ha OIlopy
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g;:\;)elg HasBaHnue rpagni O0o3HaueHHUe KomMmeHnTapuii, hopmy.ibl
Us - TemmepaTypHOe IepeMEIleHHEe IO
rnobanbHo#t ocu Z (3tam 3);
U, — 3agaHHOE BEPTUKAIBHOE MEpPEMEICHUE
TOYKH [OABECA MPYKUHBI;
Cy — OKeCTKOCTh Lenu (3aJaHHas WIn
BBIOpaHHas);
N — gucio uernei.
T, — Temmeparypa B paboueM COCTOSHUH,
Ty — Temmepatypa B HepaboueM COCTOSIHHH,
T, — Temmeparypa IpH UCIbITaHHUSX.
Jisi  3aKIMHEHHBIX — TIPYXKHH HArpyska
ONpEENSeTCS W3 YCIOBUS PAaBEHCTBA HYIIIO
BEPTUKAIBHBIX  IHEPEMEIICHHH B TOUKE
KperuieHus: Tpy0onpoBoa.
Eciu Py, mpeBbimaer Pra (rpada 6), ¢dou
NOAKpAIIMBAeTCs M,  JAONOJHHUTENBHO, B
NPUMEYaHHH  BBIBOAWTCS  JAHATHOCTHYECKOE
coobuieHne
V3meneHne Harpy3kd Ha TOPYXHHY [OpPH
nepexoJie u3 pabodero B XOIOAHOE COCTOSHHUE:
A =100 (Ppas - Pxon)/Ppas,
rae P, Pyxon — cTaTmueckas Harpyska Ha
omopy B paboueM/XOIOJHOM COCTOSIHUH

12 A. %, (rpader 9, 10). Eciu A mpeBslaeT 3agaHHOE
HN3MEHEHHE HArpy3Kd @pH Iepexome U3
pabodero coCTOSHHS B  XOJOmHOE, (hoH
MOJKPAIIMBACTC ¥,  JIONOJHUTEIBHO, B
NPUMEYaHUH  BBIBOAUTCS  HH(OPMALUOHHOE
coobmenne. He 3amonmsiercss B ciiydae, eCIii
paboyas WM X0JI0/IHas Harpy3Ka PaBHbI HYIIO
BsicoTa npyXHHBI B pab09YeM COCTOSHHM:
Hpas = N1+( H., - Ay) + Nz'(HMOcs - Ap),
rie
H®, — BbicoTa NpPYXHHBl B  CBOOOJHOM
COCTOSIHUM 11 A7g (Tpada 7);
Ap) — ocazika (TepeMeleHne) OHON MPYKUHEI B
paboyeM COCTOSTHUU VIS Azo.
Apl = PpaG/A
3nech Py — cTaTHYeckas Harpyska Ha OTopy B
pabouem cocrosiHuu (rpada 9);
A — yCIIOBHasI )KECTKOCTb.
BeicoTa npy»XuHBI B _
A=NC.Z
13 paboyeM COCTOSHUH, Hpas N . .
MM yucno uenei (tar) (rpaga 4);

Cy — %KECTKOCTh LIeTIH;
Z — HOMep CTpYyKTypsI neru (rpada 5);
H¥, — Boicora MPY>XKUHBL B CBOOOJHOM
COCTOSIHUH 1JIst Mo (Tpadpa 7);
Ay — ocajika (TepeMeleHne) OHON MPYKHUHEI B
paboyeM COCTOSTHUU IS Aq40.
Apz =2 AI‘I
Ecmn  ocamka Ay, mm Ay, OpYKHHBI
NPEBBIIIAET B COOTBETCTBHU C HCIIOJHEHHEM
npykunsl  (0,9-0%,) wm  (0,9A,), dou
MOJIKPAIIMBACTCS. M,  JIOTIOJHUTEIBHO, B
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Homep
rpadnl

Ha3spaHnue rpadnbi

Oo603HaueHne

KomMmenTapuii, popmy.ibl

NPUMEYaHWH  BBIBOJHUTCS  JHArHOCTHYECKOE
coobuieHue.

He 3anonnsemca nns NpYXWH TOB30BATENs 1
MOJBECOK  IIOCTOSIHHOTO  YCWIIMS,  TNPYKHH
Lisega, mpyxuH mocrosiHHOro ycuiusi Lisega,
ecinu KECTKOCTh TMPYKMHBI M3 COPTAMEHTa HE
COOTBETCTBYET TaOIMYHON (CTPYKTypa ILemH
HE ompeJeleHa), eciu padoyast WM XOJOJHAS
Harpyska Ha TSTY IIPEeBbINIacT TaOJIMIHYI0

14

BsIcoTa npyKHHBI B
XOJIOJTHOM
COCTOSTHUH, MM

Hyon

BbIcoTa IPYKMHBI B XOJIOZHOM COCTOSTHUM:

Hyon = Np (H % — Ax) + Nor(H — Aa),

rae

H®, — BbicoTa NPY>XKUHBl B CBOOOJHOM
COCTOSIHUM 17151 A7o (Tpada 7);

Ay — 3aTsDKKa (IepeMelleHNe) OJHOU IPYKHHEI
B XOJIOJJHOM COCTOSIHHHU 151 Azo.

Axi = Prodl A

31ech Py, — craTHdeckas Harpyska Ha OHOpY B
xo5oaHOM coctostHuu (rpada 10);

A — yci0BHasI KECTKOCTb.

A=NCZ

N — uucno ueneit (14r) (rpada 4);

C — XKECTKOCTb LICTIH;

Z — HOMep CTPYKTYpsI nemu (rpada 5);

H¥, — BbICOTA NPYXKHHB B CBOGOIHOM
COCTOSTHUU IS A4p (Tpada 5);

Ay, — 3aTsDKKa (IepeMelleHNe) OJHON IPYKHHEI
B XOJIOJIHOM COCTOSIHMH JUIS A140.

Ao=2 Ay

Ecmu  3aTsbkka  TOPYKHHBI  IPEBBIIAET B
COOTBETCTBHH C  HCIOJHEHHEM  MPY>KHHBI
0,9-1°,) ey 0,9-31°,,), dom
MOAKpAIlMBaeTCs. M,  JAONONHHUTENBHO, B
MPUMEYaHUH  BBIBOAUTCS  JAMArHOCTHUYECKOE
coobuieHue.

He 3anonnsiemess 0 NpYXKUH MOJB30BAaTeNs U
MOABECOK  MOCTOSIHHOTO — YCWJIUS,  TNPYXKHH
Lisega, mpyxnn nocrosHHOro ycwiusi Lisega,
eclH KECTKOCTh HPYKHHBI M3 COPTAMEHTa He
COOTBETCTBYET TaOIMYHON (CTPYKTypa IeIH
HE OIlpeelieHa), eclu pabodas MM XOIOTHAS
Harpyska Ha TSTY NIpeBbINIacT TaOJIMYHYI0

15

16

17

Ilepememenus o
OCH BHIMMBbIE, MM

X1

Iepememmenne mo rmobamshoit ocu X1(X) B
CEUCHHH YCTAaHOBKH IIPYXUHBI OT JeHcTBUS
TeMmIepaTypsl (3tan 3), MM

X2

Iepememmenne mo raobanpHoit ocu X2 (Y) B
CCYCHHM YCTAHOBKM MPYKHUHBI OT IEHCTBHS
TeMmIepaTypsl (3tan 3), MM

X3

Iepememenne mo rmobamsHoil ocu X3 (Z) B
CCUYCHHH YCTAHOBKM MPYKHUHBI OT JIEHCTBHSA
TemIepaTypsl (3tan 3), MM

18

IIepemerenue no
OCH NOJIHOE, MM

X3

Iepememenne mo rinodamsHoi ocu X3 (Z) B
CCUCHHH YCTAHOBKH MPYXKHHBl OT JICHCTBHS
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HasBaHnue rpagni

Oo603HaueHne

KomMmeHnTapuii, hopmy.ibl

BCEX Harpyxaronmx GpakTopos (31an 2), MM

19

3aTsHKKa MPYXKUHBL B

MOHTa>XHOM
COCTOSAHUHU, MM

)\'ycr

3aTsHKKa IPYKAHBI B MOHT2)KHOM COCTOSIHHH:
7\ycFN1'7k7oyn + N yor

rae Nij, N2 — ymcno npyxuH ¢ MakCUMalIbHO
nomyctuMoit  ocagkoit 70 w140 MM
COOTBETCTBEHHO.

HpI/I N1=1

)\470ycr = Apl + Um 3nonHoey

718 U n0m0e = (Usnomoe — Un)/Z,

npu N1:0 Um}no:ﬂme = 0

Ipu N>0

A% = A + (Usnomoe — U sm0moe — Un)/N2
Usnomoe — TEPEMELICHHE B CEYCHUH YCTAHOBKH
neiicTBus Mo ocu X3 OT BCEX HarpyXaromux
(axropos (3Tam 2), ykazanHoe B rpade 18;

Z — HOMep CTpYyKTypsI tenu (rpada 5);

Ap, Ay — ocamka (TEpeMEIIeHHE) OIHOM
IPYKUHBL B pabodeM COCTOSHHU IS A7g B Aiao
COOTBETCTBEHHO;

U, — 3agaHHoe BepTHKAIBHOE IEpeMelIeHue
TOYKH MOJBECA IPYKUHBI;

He 3anonnsiemcs 1Uisl IPYXKUH TONB30BATENSI U
MOBECOK  MOCTOSIHHOTO — YCHITHS, —TIPYXKHUH
Lisega, mpyXHH MOCTOSHHOrO ycuiusi Lisega,
ecau KECTKOCTh MPYKHHBI M3 COPTAMEHTa He
COOTBETCTBYET TaOIMYHON (CTPYKTypa Iemu
HE Ompe/elieHa), ecu paboyasi WM XOJIOJHAS
Harpy3ska Ha TATY NPEBbILIaeT TAOIHYHYIO.

CwM. npumeyanue 1 x Tabnure

JIlnnamuyeckoe Bo3aeiicTBHE, ceiicMuKa

20

Harpy3ka, kH

+P

CelicMuueckass Harpy3ka Ha OINOpy IO OCH
X3(2)

21

22

23

Ilepememenue o
0OCH, MM

+ X1

Ceiicmuueckoe nepemerenue mo ocu X1(X)

+ X2

Ceiicmuueckoe nepemenenre mo ocu X2(Y)

+ X3

CeiicMuueckoe nepemenienue no ocu X3(Z)

24

D x S, mm

Hapyxusiit nuamerp (D) u TonmmHa CTEHKH
TpyObl (S) B CEUCHHH YCTAHOBKH IPY>KHHHOU
OIOPBI (COPTaMEHT TPYyObI)
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Ipunoxenue 4

[pumeyanus

1. Ecmut Ayer < O mimit Ayer > A (Tpadha 8), MokeT moTpeboBaThCs 3aTsKKa MPYKUHBI B J[BA 3TaIa,
4TO HEXKeNarenbHO. UTOOBI BBINONHAIACH OJHOATAIHAS MOHTAKHAs 3aTSHKKA IPYKHH, IOJIb30BATENb
MOJKET:

. 3aMEHHUTH NIPYXKUHY, HAIIPUMED, € A7g HA A140;

. YBEINYHUTD YHUCIIO TAT, €CIIH YCIIOBHSI KOMIIOHOBKH O3BOJISIOT;

] [PUMEHHUTb TIPYXKUHY C OOJIBIIEH IPY30II0ABEMHOCTEIO.

Ecxnu 1o ycoBusIM KOMIOHOBKHY 3TO HEBO3MOXKHO, TO:

. B CJIy4ae MOJIOXKUTEIIBHOTO MOJTHOTO BEePTHKAIBHOTO nepemeinenue X3 (rpada 18) u

Ayer > A, IPUHUMAETCA Ayer = A M Ha BTOPOM 3Tarle 3aTsHKKH JUTHHY TATH yMEHBIIAIOT,
. €CIIM TIONHOE BepTUKanbHOE mepemenienne X3 (rpada 18) orpumarensHo u Ayer < 0,
HPUHAMACTCS Ayer = 0 M Ha BTOPOM 3Tarle JUIMHY TATH IOJBECKH YBEIHYHUBAIOT.
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KommenTapuii k Tadnnne A.3

PaccmoTpum  pesynbTaTel  pacdeta Ne2  (3ajaHHBIE  XapaKTEPUCTUKU
NPY>KAHHBIX [TOJIBECOK), MPEICTABICHHBIC B TAOJIHIIE T0JIh30BATEIIS.

1. s npyXvHBI B cedyeHnu 5 (Mapkep mnS) Ha yuactke 82 — 85 (Hapy KHBIH
quaMeTp TpyObl 76MM, TOJIMHBI CTEHKH TPYOBI 4,5MM).

[pyxwuna copramenra MBH 049-63 umeet 2 nenm (Tsrn). B cooTBeTcTBHE C
3aJaHHBIMH XapaKTePHCTHKaMH BBIOpaHa CTpyKTypa uemn Z=5, TO ecTh, OJHA
MpyXWHA HCToHeHns 11 ¢ MakcHMambHO AOMyCTHMOM ocamkoit A=70mMMm (A7) 1 aBE
MPYXXHWHBI WCIIOJHEHUS 1, ¢ MaKCHMAIBHO HOMycTHMON ocamkoit A=140mMm (A140).
MakcumanbHasi TabJIMuHast Harpy3ka Ha npyxuny (onopy) 0,95kH. Beicota npyxuH B
CBOOOTHOM COCTOSIHUU 126MM TS Azg U TIO 242MM AJIsl KaXIIOW MPYKUHBI BTOPOTO
ucronHeHust (A1g0). MakcHUManbHO JIONMYCTHMas OCaJiKa TIPYXXUHBI IEPBOTO
ucrnionHeHust 70mM u mo 140mMM — I OpyXKMH BTOPOTo HCHOJIHEHHs. PacueTHas
cTaThdeckas Harpyska Ha omopy B pabouem coctostuuu 1,15 xH, B XxomomHOM
cocrostunu — 1,51kH, npu ucneitannu 1,55kH. M3MeHeHne Harpy3ku Ha NpYXKHUHY
Ipu mepexoje M3 paboyero B XOJOAHOE cocTosiHME cocTaBisier 31%. Bricora
MIPY>KUHBI B paboueM cocTOSHUM 84MM JUis Az M 1o 157MM Ui Age. BricoTa
MPYXUHBI B XOJIOMHOM COCTOSTHHU 71MM mist Agp u mo 131MM mms Agq. Buammoe
MepeMEeIeHUsT OT JICHCTBHS TEMIIEpaTypbl 1Mo rinolOambHBIM ocsiM X, Y, Z B MM
coorBerctBenno (98,9; 8,1; 65,6). Ilepemerenrne npyxuHbl MO0 Oocu Z OT BcexX
Harpyxarmomux ¢akTopoB (momHoe nepememnierne) 67,IMM. 3aTspKka TPYKUHBI B
MOHTaKHOM COCTOSIHUH (Aycr) COCTAaBIIAET S6MM JUIsl NPYKUHBI MCMONHEHHs 11 n mo
112mM — s npykuH ucnonHeHus: 1. Pacuer Ha ceficMuyeckue Harpy3ku He
TIPOBOIHIICS.

2. Jlna npy>xunsl 10 B cedenun 10 Ha ydacTke 76 — 77 Py 1 Pyoy (MX doH
BBIJICJICH B TaOIUIIC KPACHbIM W8emoMm) TPEBBINIAIOT N P, TIe N — KOJIUYECTBO
neneii (rpada 4).

3. nst mpy>xuH B ceyeHusix 17 Ha ydactke 82 — 85 m 2 ywacrtka 101 — 257
HelolmycTHUMasi 3aTsDkka (ocajgka) TpYKMHBI BbieneHa B rpade H,,, (umdpsr
BBIZICIICHBI B TaOIIHIEC KPACHbIM UGEHOM).

4. s npyxuH B ceueHnax § Ha ydactke 93 — 249 u 10 yyactka 100 — 101
nog0Op He BBIIONHSICA [0 TPHYMHE 3aJaHusl [0JIb30BaTeNeM IKECTKOCTEH,
OTIMYAIONINXCS OT UMeroIuXcs Ui copramenTa MBH 049-63 (bon B rpadax Py, n
Pyox BBIIETICH HCeAMbIM UGEHIOM).
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Hazpysku u nepemeuienus 6 n008ecKax co cneynpyscunamu

Ha3spaHnue rpadnbi

O603Hauenne

KommMmenTapuii, hopmyibt

Homep onops1

Mapkep ceueHusl, ric yCTAaHOBJIEHA HPYKHHHAS
omnopa (mojBecka)

o yuacTkaly3aa

Homep ydacTka 1 onopsl, pacroiaoKeHHOH Ha
y4acTKe, MM HOMEp y3/1a [l y3I0BOH ONOpI

Ne ceuenus

Homep cewyenust ans omopsl, pacroyioKEHHOH
Ha y4acTKe

Koa-Bo neneii

Yucio nenei npy>KMHHOM ONOpbI/TI0IBECKU

XapakTepucTHKA

NpY?KHHBI

Howmep npy>xuHbl

clmo IV

Howmep npysxunsl no yeprexxam BHUIINOT

He 3anoansemcs, ecin skECTKOCTb HPYKUHBI H3
COpTaMeHTa HE COOTBETCTBYeT TaOIHYHOI
(cTpyKTYypa Lenu He ompejeseHa)

CrpyKTypa nemnu

CrpykTypa nemnu:

Z= N1

rzie Ny — 4ucio npysKuH.

Ecnmu pgns  BbIOpaHHOTO — HOJNB30BaTeleM
COpTaMeHTa YyKa3aHHas MM  JKECTKOCTb
MPY)XUHBI HE COOTBETCTBYET TaONUYHOU, GOH
S9eifKU TMOJKPAIINBACTCS U, HOMONHHUTENHHO, B
NPUMEYAaHHH  BBIBOJMTCS  JAMArHOCTHYECKOE
coo0IeHue

He 3anonnsemcs, ecnu ®ECTKOCTh NPY>KUHBI U3
COpTaMeHTa HE COOTBETCTBYeT TaOIHYHOI
(cTpyKTypa IielH He OIpeiesicHa)

Pmﬁnpuﬁ, xH

MaxcumansHas Tabnu9Has Harpy3ka B pabodeM
COCTOSHUM Ha 3aJaHHyl0 (BBIOpaHHYIO) Iielb
OTIOPHI.

He 3anonnsemcs, ecim ECTKOCTD NPYKUHBI 13
COpTaMeHTa HE COOTBETCTBYET TaOIMYHOMH
(CTPYKTypa LN He OnpesieseHa)

Pragaxons KH

MaxkcumansHass ~— TabnuMuHas ~— Harpyska B
HepaboyeM  COCTOSHMM ~ Ha  33JlaHHYIO
(BBIOpaHHY0) LIETIb OMOPBI.

He 3anonnsemcsi, eciy xECTKOCTb NPYKUHBI U3
COpTaMeHTa HE COOTBETCTBYET TaOIMYHOMH
(cTpyKTypa IiellH He OIpeiesicHa)

Hes, MM

BeicoTa 01HOM NPYXUHBI B CTPYKTYpe 1ienu Z B
cBOOOJTHOM COCTOSIHHH.

He 3anoansiemcsi, eciy ECTKOCTh MPYKUHBI U3
copraMeHTa HE COOTBETCTBYET TaOIWYHON
(cTpykTypa uenu He OIpejeleHa), eciu
paboyas WM XOJNOJHAs HArpy3ka Ha TATY
MPEBBIIIACT TAOIHMYHYIO

10

x.\mkcpaﬁ; MM

MaxkcumanbHasi 0cafKa IpyKUHBL.

He 3anoansemcs, ecy ®ECTKOCTh IPY>KUHBI U3
cCopTaMeHTa He COOTBETCTBYET TaOIMYHOM
(cTpykTypa memu He ONpejAeieHa), eciu
pabouass WIM XOJIOAHAs Harpyska Ha TATY
NpeBbINIAET TaOIHIHYIO

11

Mssaxexons MM

MakcumanbHas 3aTsHKKa OPYKUHBL

Mocksa, 2021

59




“CewmelicTBo” mporpaMMHbIX koMiuiekcoB ACTPA-HOBA’2021

Homep
rpadgnl

HasBaHnue rpagni

O603Hauenne
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He 3anonnaemcs, ecinu )ECTKOCTh TPYXKUHBI U3
copTaMeHTa HE COOTBETCTBYET TaOIMYHOI
(cTpykTypa memu He OIpeAeNieHa), ecin
pabouass WiIM XOJIOAHAs Harpy3ka Ha TAIY
MPEBBIIIACT TAOIHYHYIO

12

JmuHa taru

L, mm

JInvHa TSATH OPY>KUHBL.

He 3anonnusemcs, ecny RECTKOCTh NPY>KUHBI U3
coOpTaMeHTa HE COOTBETCTBYeT TaOIHYHOI
(cTpyKTypa Iieli He OnpejeseHa)

CraTnyeckoe Bo3/ieiicTBHE

13

Harpy3ka Ha onopy,
kH

Ppaﬁ

Craruueckasi Harpy3ka Ha Omnopy B pabouem
COCTOSIHUH:

1. 3ajanHas BenuuuHa “Paboyas Harpyska” st
pacyeToB ¢ 3alaHHBIMH )KECTKOCTSIMHU TPYKUH.
2. Ompenensercss Ha dTane | U3 ycloBus
“a0CoMIOTHOMH” KECTKOCTU OIopbI B
BEPTUKAJIBHO HANpPABJICHUU JUIS PAacueToOB C
olpeeIeHueM pabounx Harpy3ok "
JKECTKOCTEH MPYXHH, U JIs Pacd€TOB TOJIBKO
pabourx Harpy30K MPYKUH.

Ecin Ppys mpeBblaet Prgpas (fpada 7), don
MOAKPAIIMBACTCS W,  [JONOJHUTENBHO, B
MPUMEYaHUH  BBIBOJMTCS  JTHATHOCTHYECKOE
coo0IeHue

14

Harpy3ka Ha onopy,
kH

PXDI‘

Cratuueckasi Harpy3ka Ha ornopy B Hepabouem
COCTOSTHUH:

Pror = Ppas'Gu/Gp + (Us — U, + AL) C'N

Gx — MOyib CIBHra Marepuana NpYXHHBI B
HepaboYeM COCTOSHHUHY;

G, — Moyab cIBMTa Marepuana INpyXHHbBI B
paboyeM cocTOsSHUY;

U; — TemmeparypHOe IIepeMelleHHe II0
rinobanbHol ocu X3 (Z) (sram 3);

U, — 3aJaHHOC BEPTHUKAIBHOE IIEPEMEICHUE
TOYKH MO/IBECA IPYKIHB,

Cx — OKeCTKOCTh IHenu (3agaHHas WU
BbIOpaHHas);

AL = o0, (Ty — Ty)'L — ymmineHme TarM
HPY>KUHBI;

o, — KOd(UIMEHT IMHEHHOTO PaCIIMPEeHUs
MarepHaa TIPY>KHHBI pu paboueit
TeMIeparype;

T, — Temmeparypa mpyXHHB B paboueMm
COCTOSIHUH,

Tx — TeMmmeparypa HpYXHHBI B Hepabouem
COCTOSTHHUY,;

L — ninuna taru;

N — uucno uenei.

Ecnu Py,, mpeBbimaer Pouuon (Tpada 8), don
MOAKPAIIMBAECTCI W,  JIONOJNHUTENBHO, B
NPUMEYAHUH  BBIBOAUTCA  JHATHOCTHYECKOE
coo0IeHne

15

Harpy3ska Ha onopy,

Pncn

Crarnyeckas Harpyska Ha OIIOpYy B PEXUME
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Ipunoxenue 4

g;:\;)elg Ha3spaHnue rpadni O603Hauenne KommMmenTapuii, hopmyibt
xH ucnblTaHui, kKH:
Eciu Picn MPEBBIIIAET Pragumcns don
MOJKPAIINBACTCS M,  JIONOJHUTENIBHO, B
NPUMEYAaHHH  BBIBOJMTCS  JMArHOCTHYECKOE
cooOwenne. 3HaueHHE Piagucn BBIYUCIASETCSA 10
(bopmyne:
PTaﬁucn =
:Praﬁnxun - (P-raﬁnxun - Pmﬁ]pﬂﬁ) : (Tn - Tx)/(Tp - Tx)
rne T, — Temmeparypa TpPYXHHBl IIpH
UCIIBITAHUSIX
BericoTa 01HOH NPYKUHBI B CTPYKTYpe Lenu Z B
pabodeM COCTOSIHUU:
HpaG = ch - Ap
rue:
He — BBICOTa IpPYXHHBL B CBOOOJHOM
cocrosiuH (rpada 9);
A, — ocazka (TepeMeIeHre) OMHON MPYKUHEI B
pabodeM COCTOSIHUHY;
Ay = PpaslA
31ech Py — cTaTHuecKas Harpyska Ha OIOpY B
paboueM cocrosHuH (rpada 13);
BsicoTa npyXHHBI B A — yCIIOBHasI KECTKOCTH;
16 paboyem coCTOsTHUH, Hpas A =N C Z Gy/Cx
MM N — uncno ueneii (Tsr) (rpada 4);
Cyx — KECTKOCTb LIEIH B XOJIOJJHOM COCTOSIHUH;
Z — HOMEp CTPYKTYpsI 1enu (rpada 6);
Gy — MOIyNb CIBHIa MaTepHaya MpPYKHHbI B
XOJIOJTHOM COCTOSIHHUH;
Gp — MOIynb CABHTa MaTepHala IpPYXHHBI B
paboveM COCTOSIHUH.
He 3anonnsemcsi, ecian )xECTKOCTb MPYKUHBI U3
copTaMeHTa HE COOTBETCTBYET TaOIMIHOM
(cTpykTypa memm He OmpelelieHa), eciu
pabouass WIM XOJIOAHAs Harpyska Ha TATY
MPEBBINIACT TAOTHIHYIO
BeicoTa 01HOM NPYXUHBI B CTPYKTYpe Lienu Z B
HepaboYyeM COCTOSTHUU:
Hyon = Hen — A
re:
He, — BbicOTa TMpPYXHHBI B CBOOOJHOM
cocrosiHuH (rpada 9);
Ay — 3aTshKKa (MIepeMEIleHNE) OHON MPY>KHHBI
B HEpabO4eM COCTOSIHUH;
BricoTa nmpyXuHBI B Ay =Py A
17 XOJIOTHOM Hion 371eCh Pyo; — CTaTHYECKasl HArpy3Ka Ha ONopy B

COCTOSAHUHU, MM

XOJIOJTHOM COCTOsIHUH (rpada 14);

A — ycIIOBHasI )KECTKOCTb;

A=NC\Z

N — uucno uenei (Tsr) (rpada 4);

Cyx — JKECTKOCTb LIETIH B XOJIIOAHOM COCTOSHUH,
Z — HOMep CTPYKTYpsI ey (rpada 6);

He 3anonnsiemcs, ecin ECTKOCTb NPYKUHBI U3
COpTaMeHTa HE COOTBETCTBYeT TaOIHYHOI
(cTpyKTypa uenu He OmpejieleHa), eciu
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pabouass WiIM XOJIOAHAs Harpy3ka Ha TSTY
MPEBBIIACT TAOIHYHYIO

18

19

20

Ilepemeruenus no
0CH BHIMMOE, MM

X1

Iepemernenne mo rinobamsHOM ocu X1(X) B
CEUYCHHH YCTAHOBKH IPY)XHHBI OT IEHCTBHSA
TemIeparypsl (3tan 3), MM

X2

Iepemeruenne mo rinodansHoi ocu X2 (Y) B
CEUYCHHH YCTAHOBKH IPY)XHHBI OT IEHCTBHSA
TemIeparypsl (3tan 3), MM

X3

Iepemeruenne 1o raobansHoit ocu X3 (Z) B
CEUYCHHH YCTAHOBKH IPY)XHHBI OT JIEHCTBHSA
TeMIepaTypsl (3Tam 3), MM

21

IIepemerenus mo
oCH MOJIHOE, MM

X3

Iepemeruenne 1o riuobansHoit ocu X3 (Z) B
CEYCHHH YCTAHOBKH IPYXHHBI OT IEHCTBHS
BCEX HArpy’Kalolux (akTopoB (3tam 2), MM.

22

VY uIMHEeHue TArH, MM

AL

Y ANUHEHHE TATH IPYKUHBI

AL =0, (T,—Ty-L

T, — TemmepaTypa NpyXHHBI
COCTOSHUM

Tx — TeMmmeparypa HpYXHHBI B Hepabouem
COCTOSIHUH

0, — KO3(P(UIHUEHT JIHUHEHHOTO PACIIUPEHUS
Marepuana [PY>KUHBI npu paboueit
TeMIeparype.

He sanonnsemcs, ecin sKECTKOCTb HPYKUHBI U3
copraMeHTa HE COOTBETCTBYET TaOJIMYHOM
(cTpyKTypa Iieli He OnpejieseHa)

B pabouem

23

3aTsKKa MPY>KUHBI B
MOHTa)KHOM
COCTOSTHUH, MM

Ayer

3aTsHKKa HPYKUHBI B MOHTA)XHOM COCTOSHUM!
her = ZAp * Usaomoe — Us

Z — HOMep CTPYKTYpEI ey (rpada 5);

A, — ocajixa (mepeMelleHne) OHON IPY>KHHBI B
pabodueM COCTOSHNUH;

Usnomioe — HEPEMEIICHIE B CEUCHUH YCTAHOBKH
neiictBuss  mo  ocu X3  (Z) ot Beex
Harpyskaroumx (GakTopos (3ram 2), ykazaHHOE B
rpage 21;

U, — 3aaHHOC BEPTHUKAIBHOE IEPEMEILCHUE
TOYKH MO/{BECA MPYKHHBL.

He 3anonnsemcsi, eciy xECTKOCTh NPYKUHBI U3
copTaMeHTa HE COOTBETCTBYET TaOIMYHOI
(cTpykTypa memu HE ONpEeAeieHa), ecin
pabouass WiIM XOJIOAHAs Harpyska Ha TATY
MPEBBIIACT TAOIHYHYIO

Ju

HaMHYeCKoe Bomeﬁcnme, ceficMHuKa

24

Harpy3ska, kH

+P

CeiicMnueckasi Harpyska Ha ONOpY MO OCH
X3(2)

25

26

27

Ilepememnienue no
0oCH, MM

+XI1

Ceiicmuueckoe nepemerienue o ocu X1(X)

+ X2

Ceiicmuueckoe nepemenierne mo ocu X2(Y)

+ X3

Ceiicmuueckoe nepemerterue 1o ocu X3(Z)

28

D x S, mm

Hapyxupiii tuamerp (D) m TommuHa CTEHKH
TpyOBl (S) B CEUYCHHMH YCTAaHOBKH IPYKUHHOM
OIIOPHI (COPTAMEHT TPYObI)
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puaoxenne 5. OnpenesieHne MeCTHOI KeCTKOCTH y3J10B BPe3KH IITyHepa

3nech NpUBENIEHBI MTOJIOKEHHS U (POPMYJIBI U3 Psiia M3BECTHBIX OTEYECTBEHHBIX
U 3apyOe)KHBIX HOPMATHBHBIX JOKyMeHTOB [3, 8, 68-72], peamu3oBaHHbIC B
“kanpkymnsarope”  mpenpoueccopa IIK  ACTPA-HOBA s opTOroHanbHBIX
(HOpMaBHBIX) COEAMHEHUH “mTyIep-o0euaiika” u “mTyrep-aHuie”. ITH TOJ0KeHUS
n (OpMyIIBI COTJIACOBAHbI, B YacTHOCTH, ¢ peanuzamueii B [IK PVP-Design (B nenom
COXpaHEHa B HECKOJBKO YCEYCHHO-OTKOPPEKTHPOBAHHOM BHIE aBTOPCKAsl PEHAKIIUS
k.T.H. b.C. Bonegcona).

ITpn 3TOM HEOOXOAMMO YETKO MOHUMATH (M 3TO IOATBEP)KAEHO, B YaCTHOCTH,
pemeHHbIME  BepudukannoHHBIMA 3amadamMu o ACTPA-ADC [27] ¢ “TounbmM”
olpefeneHneM MaTpHll K03(h(UINEHTOB JIOKAIBHON JKECTKOCTH MO MPOCTPAaHCTBEHHO-
0007T0YEYHBIM KOHEYHORJIEMEHTHBIM MOJENSAM), UTO peajbHble KO3 (UIHEHTH
MECTHOM >KECTKOCTH-TIOAATIUBOCTH COEAMHEHUH “‘ITylep-o0edaiika” MOTYT BechbMa
3HAYUTEIHHO OTJINYATHCS OT MPHUBEIECHHBIX aHATUTUYECKUX BBIPAKCHUH.

1. Ycnoenwie 0603nauenus (Bce TMHEHHBIE pa3Mephl — B MM)

D — BHyTpeHHUWI aMameTp UWIMHAPHYECKOH OOeuyaiiki WM BBIMYKIOTO
JTHUIIA,

D, — BHyTpeHHMH IuaMeTp KOHHYECKOW 0Oeuailku B MecTe pacIIOJIOKCHUS
mITynepa,

d — BHYTpEeHHHI IHaMeTp WITyIepa,

H — BHyTpeHHSS BBICOTA SJUTUNITHYECKON YacTH AHUINA,

l; — ucnonHUTENBHAS UIMHA WITYLEpA,

Ilv — HCIIOJIHUTCIIbHAA JJINHA yCPIJ'IeHHOﬁ YacTu mryuepa,

|2 — UCIOJHUTEJIbHAA HIMPUHA HAKIIAJHOTO KOJIbIIa,

R.p — BHyTpeHHMH pamuyc cQepuueckoro CcerMeHTa TOpOChEepUYECcKOro
JHHIIA,

S — UCTIONTHUTENBHAS TOJIIIMHA CTEHKH 00edaiiki,

S; — UCNOJTHUTENbHAS TOJIIMHA CTEHKH IITYIEepa,

S1y — UCTIOJTHUTENbHAS TOJIIMHA YCUICHHOM YacTH ITyLepa,

S, — MCNONTHUTENbHAS TOJIIIMHA HAKJIQJHOTO KOJIbLI,

X — PacCTOSHUE OT LEHTPa OTBEPCTHA 0 OCHU JUIUNTUYECKOTO JHUILA,

0, — TIOJIOBHHA yTJIa pacTBOpa IPH BEPIIMHE KOHMYECKOH o0euaiiku, paf, rpan,
E — Momyns ynpyroctu marepuana kopiryca, MIla,

M1 — ko3¢ urment [Tyaccona

2. Ilpedenvl npumenenusn

B mononxenue k tpeboBanusaM .. 4.2, 4.4, 6.1.1 u 6.2.1 TOCT P 52857.3-
2007 nmeHCTBYIOT CJIEOYyIOUINE OTPAHWYEHHUS UII NPUMEHEHHS NPUBEICHHBIX HIDKE
3aBUCHUMOCTEI:

1) anst y370B BpE3KH IITYLEPOB B LIMJIMHJIPUYECKHE U KOHWYECKHE oOeuaiiku
paccTosiHEME OT Kpasl INTyllepa WJIM HAKJIaJHOTO KOJbI[Aa A0 OJMKaWIero KOHIA
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pacUeTHOH [UTHHBI y4acTKa o0edaiiku qokHO ObiTh He MeHee 0,5(D+S) wim 0,5(D,/cos
0,+S), COOTBETCTBEHHO;

2) i y3J0B BpPE3KM LITYLEPOB B BBIINYKIbIE JHHINA PACCTOSIHUE OT Kpas
mTyuepa Wik HaKJIaJHOro KoJibla A0 Kpas BHEIIHEH TMOBEPXHOCTU BBIITYKJIOTO JHHIIIA
nomkHo Ob1Th He Menee 0,1(D+2S), a BHyTpeHHuii muamerp mrynepa d He Gojee yem
0,67R-S;.

3. Y3en epe3ku wumyuepa 6 yununopuueckyr odeuaixy

Puc. 5.1 IlonoxxutensHbIE HAIIPABICHUS CHJI 1 MOMEHTOB

3.1. Yenosas socecmxocms y3na Bpe3kH IITylepa 0e3 HaKJIaHOTO KOJbla MPH
JeficTBUU MOMeHTa M, B IPOI0BEHOM HATIPABJICHUY:

M, El
KMx = =
6, k. (d+2S)
D+2
re: K, zolzﬂ.i
S S

| — MOMEHT HHEpPIMH CeYeHHs IITyLepa pH H3rnoe, Mm*:

n| (d+28,)" ~d*|
64
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3.2. Venosas stcecmkocms y3na Bpe3KH IITyLepa 06e3 HaKIagHOTO KOJbla IMpU
neifictBul MOMeHTa My B OKpY’>KHOM HaTIpaBICHHU:

M El

— y

K = =
W, k,(d+28)

y

(D+2S) s, [(d+28,)

rme: k. =0.1 —
y S S S,
— JUTS IITYLEPOB Ge3 yTONIEHHOH YacTH:
S, =9,

— AJIS IITYLEPOB C YTOJIIEHHON YacThIO:

S, =S, —mpu |, 20.5 (d + Slv)Slv
Sn = Sl — pu |1V <0.5 (d + SlV)Slv

3.3. Venosas stcecmxocms y3nma Bpe3KH ITynepa 06e3 HaKIagHOTO KOJbIa IpU
JieficTBUM KpyTsero Mmomenra M,:

K = MZ = GIK
70,  k(d+2s))
4 15
rue: kZ =0.06 (d + 281)31 (D + 25]
(D+2S)s S

I« — MOMEHT MHEPIIMH CEYCHHS TYIIEPa IPH KPYUCHAH, MM :
| _ald+as,) —d“il
« 32

G — Moxyis casura, H/mm®:

[ —

E E
20+u) 26
3.4. Jlunetinas scecmkocmys y37a Bpe3KH MITynepa 0e3 HaKJIaJHOTO KOJIbIA IIPH
neiictBumn cuibl F,, HarpaBlIeHHOH Mo ocw mryuepa, H/mm:

_F, _E(D+59)

Z
Fz — m
6, 2Ay
rae: A1 (05, ,3 ) — KO3 (pUIHEHT, TPUBEICHHBIA Ha puC. 5.2 s 3HaYeHui =0,

1/8 u 1/4. JInsg nmpoMeXyTOUHBIX 3HAUEHHH OINpEeessieTCsl IMHEHHOM WHTepIosiei
(cMm. Hike). [Ipu 3HaYeHUsX > 1/4 nuHElHAs TOAATIMBOCTD y3/1a BPE3KHU HITyLepa IpU
JieicTBUM cuibl F,, HanpaBiIeHHOW MO OCH IITYIEpa, B CTOPOHY 3amaca, PUHUMAETCs
PaBHOI HYJIIO, a JIMHEHHAas )KECTKOCTb HE OIPEAEISIeTCS.
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2L d+5 D+S
_ eq . _ 1. _
“=5ys P brs’ 7T s

Leq — SKBHUBAJICHTHAas IJIMHA Y4aCTKa III/IHI/IH,HPH‘JCCKOﬁ O6€‘laﬁKH, Ha KOTOpOM
PACIIOJIOKEH HITYyUEp, MM!

4b?
L

L — pacuerHas JyMHa ydyacTka oOcuaiiku, Ha KOTOPOM PACIIOJIOXKEH INTYLEP.
[IpuHuMaercss paBHON pacueTHOW JyMHE | TIagkol NIUIMHIPUYECKOH obeyaiku
Harpy’KeHHOW Hapy>KHBIM JaBJIEHHEM WM NepepesbiBatomie cuioii (. 5.3.2.2 TOCT P
52857.2-2007) wmu pacuetHoi anuHe | o6evaiiku, YKpEemIeHHO!W KOJbIIAMH JKECTKOCTH
U Harpy>kKeHHOH Hapy>XHBIM JIaBIE€HUEM, IIPU OIpPEAECNICHUH JO0MYCKaeMOro IAaBIICHMUS,
HCXOJISl U3 YCIIOBUH yNPYro# YCTOHYMBOCTH MEX.IY KOJIbLAMH kecTkocTH (1. 5.4.2.2.1
I'OCT P 52857.2-2007), mMm.

by — paccrosiHEe MeXIy LEHTPOM IUTYLepa U CepeIUHON pacdeTHO JmHbI L
ydJacTka o0eqaiiki, Ha KOTOPOM PacIiONIOXKeH MITYIEp, MM.

Ly =L~

An

AT AN
!
]
1 ] !
1 ' 1
\ TG g a
20 30 40
Puc. 5.2

Ag—mipu f=0, Ag—mipu f=1/8, Ay—1ipu = 1/4

m — mokasatenb creneHu. [IpuHumaercs paBubiM: M=2,22 — npu =0, m=2,125
— mpu =1/8, m=2.10 — nipu p=1/4.
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[Mopsimok mHTEpHOASILMK TpU  onpeaerneHnn BenuuuHbl Kg, crenyrommid.
Bbruncisiercst BeIMUYMHA f M paCCUUTHIBAIOTCS 3HaYeHUst K, Uil TaOIMYHBIX 3HAUYSHUH
p (0, 1/8, 1/4), Mexay KOTOPBIMH JIC)KHUT BBIYHCICHHAs BennduHa . C MOMOIIBIO
nuHerHoU uHTepnosiuu Kg, onpenensercs 3HauCHHE JKECTKOCTH, COOTBETCTBYIOIICE
BBIUMCIICHHOHN BeTUYUHE f3.

4. V3en épesku wimyuepa ¢ KOHUHECKYI0 00euaiiKy

BenmuuuHEl KECTKOCTH KOHMYECKOM 00edaiiku B MecTe BPE3KH INTYIEpa MpH
BO3IEHCTBUM BHEIIHMX CHJI M MOMEHTOB OT IPHCOEIMHEHHBIX TPYOOIPOBOIOB
BBIUMCIIAIOTCA 10 (popMysiaM paszena 3, Takke Kak Ul [IMHAPUYECKON 00euaiiku, ¢
YUYETOM CJIEAYIOIIHMX OCOOEHHOCTEI.

3uauenust K03 puimeHToB Ky, Ky, K, 115 onpemeneHust sKkeCTKOCTH KOHHIECKO#H
o0eyalikn B MeCTe BPE3KM LITYIepa IPU AEHCTBUHM W3rMOAIONIMX W KPYTAIIETO
MOMEHTOB PACCUMTHIBAIOTCS 110 (POPMYJIaM:

(D, +2S) S, [(d+2S)S
k,=02——==-—1
S{cosa, S \[(D,+2S)S,
K, =O_1(Dé +2S) S, (d +2S,))
Scosa, S S,
4
kz —006 (d + 281)81 DK +2S (COS a. )7__5
(D, +25S)S S

BenmauHb! )KECTKOCTH U pacdyeTHBHIX KOA(P(QHUINEHTOB pH NeiicTBUA CHIIBI
HaIpaBJICHHO 10 OCH LITYIepa, PACCUUTHIBAIOTCA 110 (HOpMYyIIam:

F, _ E(D,+S)
TS, 2A17/m cos e,
2L, d+S, D, +S
a=——->1-cosa,; ,B— cosa,; y=—~——
D +S D +S 2Scosa,

IMpn ompeneneHuM OSKBHBAIEHTHOW JUIMHBI y4acTKa IMJIMHAPHYECKOM
o6eualiki, Ha KOTOPOM PACIONOXKEH ITYIEP, Leg, pacueTHas AIMHA ydyacTka oOeyaiku
L mpuHMMaeTcst paBHOM JJIMHE KOHMYECKOW 00evyaliku.
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5. Y3en epe3ku wumyuyepa 6 nonycgpepuueckoe, mopocgepuueckoe unu
INIURMUYECKOE OHUIYE
Fz

Puc. 5.3
Pacuetnslii cpegHUl paanyc JHUIIA B MECTE PACTIONOKEHUSI OTBEPCTUS, MM:
— JUIs1 IOy c(hepruecKoro JHUINA!

D+S
2

R =

— 7151 TOPOC(hEePUUECKOTO AHHUIIIA:
R=R,
— JJI DJUTMIITUYCCKOIO JHUIIA:

n_ (D+s) | ,(D°-4H?) ,

" 22H+9) | D*

be3pa3mepHbIil napameTp:

(d+S,)

— s mrynepos 6e3 yrommensoi vactn: U =0.91———=~

JRS
(d+S,,)

— JUId IITYLEPOB ¢ yTonmeHHol yacteio: U =0.91"——=~
RS
5.1. Jlunetinas sicecmxocms y3ia Bpe3KH HITyIiepa 6e3 HAKIIaHOTO KOJIbIIA PH
neiictBuu cwibl Fz, HampaBieHHO# o ocu mTyiepa, H/mwm:

KFZ :i

2
_ES
5, kR
rae: Ko — Oespasmepnbiii kod(duimMeHT, ompenensieMblii mo puc. 5.4, B
3aBHCHMOCTH OT mapamerpa U.
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k
0.4 ] ] [ ENTE
3

7 Y
0.3 T. ¥ 4 1

> '

/’J" > 1

| R ||

p—
f—
—

i

Puc. 5.4
5.2. Venosas sicecmrxocme y3ma Bpe3KH MITyIiepa 6€3 HAKIaIHOTO KOJbIA MPH
nerictBuu MomeHTa Mb:

M, UuES®

Mb T T, T
6, 182k,
rae: kp — OespasmepHbiii ko3ddunueHt, ompemensembiii mo puc. 5.5, B
3aBHCHMOCTH OT Iapamerpa U.

ky
AT T T | = e |
L) M~ v H-
V\ y )
0.3 v ‘;"’ _— bl
| % 4
0.2 = | (Y Reg
& | \ = ' o
TR T 'l
0.1 : J
. ‘ N
ANEE \"\\%“‘_
0 ! 1
0 | 2 3 4.
Puc. 5.5
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6. Ipubnuscennoe onpedenenue MeCMHOU HCeCMKOCIU Y314 8PeE3KU
wmyyepa, yKpenjieHHo20 HaKiaoHblM KOJIbUoM

B cj1ydae, €CJiM IMPUHA HAKJIaJJHOI'O KOJIblla YAOBJICTBOPACT YCIOBUAM:

— IS HMITMHIPMIECKOH 0bedaliku: |2 >1.4,/D(S +5S,

D(S +S,)
COS o

— JI7Is BBITYKJIOTO JTHUTIIA: |2 > 2./ Ri S+ 32 '

MeCTHasi IKECTKOCTh Yy3Jla BpE3KH INTYIepa, YKPEIUICHHOIO HaKIaJHbIM
KOJIBIIOM, PaCCUUTHIBAETCS MO (opMysIaM pa3feinoB 3, 4, 5, Takike Kak JuIsl y3j1a BPE3KH
mrynepa 0e3 HakIaJHOTO KOJbLa, HO IPU 3TOM, BMECTO TOJIIMHBI Kopryca S B
dbopmynsl paznenoB 3, 4, 5 cieayeT MOJCTABIATh CyMMAapHYKO TOJIIHMHY KOpIyca U
HaKJIaHOTO KoubIia (S+S,).

— JUTSL KOHUYECKOM 06euaiku: l,>1.4

B ClIydyac, €CJIM IMPUBCJACHHBIC BbIMIC YCJIOBUA HE BBINOJIHANOTCA W IIUMPHUHA
HAKJIaJHOTO KOJIbIla MCHBIIC COOTBETCTBYIOLINX 3HAYCHHM JJIA HHJIHH}IpPI‘IGCKOfI u
KOHHYECKOH oOeuack u BBIITYKJIBIX OHUIL, MECTHBIC ITOAATIMBOCTHU Y3JIa BPE3KH Yi
ONPEACIIAOTCA KaK CyMMa ABYX BEJIMYNH!

Y =YY
u
rae: Y, — paccuntsiBaetcs mo Qopmynam pasuenos 3, 4, 5, Takke Kak s

y3I1a BPE3KH IITyIepa 63 HaKIaJHOTO KOJIBIIA, HO TIPU 5TOM, BMECTO TOJIIMHBI KOPITyCa
S B opMyITEI pasaenos 3, 4, 5 clienyeT MoACTaBIsTE CYMMAapHYIO TOJIIMHY KOpIyca
HaKJIaJaHOro Kojbua (S+S,).

r
Yi P paccuuThiBaeTcs o GopMysaMm paszienoB 3, 4, 5, Takke Kak I y3iia

BpE3KH MTyIlepa 0e3 HaKIaJHOTO KOINbIa, HO TPH 3TOM, BMECTO TONIIWH Sy M S;y B
(bopMmytsl paszmenos 3, 4, 5 ciemyet noactaisth (S;+1,) wiu (Sy,+l,), cooTBeTcTBEHHO.

JKecTkocTh y37a Bpe3KH IITyIepa ¢ HAKIaJHBIM KOJBIIOM IpH JEHCTBHHU i-OU
Harpy3KH ompeaessieTcs Kak:

70 HUIL CtaluO



Ipunoxenue 6

Ipunoxenne 6. HoBbie Bo3mo:knoctn ACTPA-HOBA’2015

ACTPA-HOBA’2015 ¢ cpasnenuu ¢ ACTPA-HOBA’2003

ACTPA-HOBA’2003

ACTPA-HOBA’2015 (penus 201605)

ACTPA-AI3C attecToBaHa B
T'ocaromnanzope P®.

IIporpamma ACTPA-A3C IpoIIa
nepeaTTecTauo B Pocrexnansope
(arrecTanmonHblii macnopt PocrexHanzopa Ne292
or 14.04.2011, per. Ne614 ot 16.09.2009).
[Iporpammbl ACTPA-TAC, HE®DTEXHM,
TEIVIOCETh n MATHCTP ceptuduiiipoBaHbl
OI'VIT LIIC I'occrpos Poccun Ha cooTBeTCTBHE
TpeGoBaHMAM CIJIETYFOIITNX HOPMAaTHBHBIX
nokymentoB: PJ1 10-249-98, PJ1 10-400-01, PTM
38.001-94, CHulI 2.05.06-85, CHull 2.01.07-85
u CHull 11-7-81 (ceprudukaTr COOTBETCTBUS
POCC RU.CII15.H00415, cpok peifctBus c¢
01.07.2011 mo 30.06.2013).

Bymaxknast noxyMmeHTanus B Hoxymenrarus  yaoOHoro  “kapMaHHOro”
BuJie Opourtop gopmara A 4. ¢dopmara (A 5).
V3MeHeHO dTeHHe COIEpP)KMMOIO  KIIoYa,

IIporpamma 3amuineHa
C IIOMOUIBIO JIOKAJIbHOI'O KJIF0Ya.

MOSIBUJIACH BO3MOXKHOCTH MCIIOJIb30BAHUS CETECBOU
BEpCHU, MmporpaMMUpOBaHNC paBJ’[H'-IHOﬁ
KOMILJIICKTAIluH.

Menro “Daiin”

Dailnbl IPOEKTOB!
e *apr—A3C;
e *npr— HE@QTEXHM,
o *tpr—T73C

1. YuudunupoBaHHble Galiibl TPOEKTOB IS
pasnmuHBIX  HOpM pacuera (49C, TIC,
HE®TEXHM, TEIVIOCETh, MATHCTP) —
*.anp.

2. Bo3moxkHa moiHOUeHHas ~pabGota ¢
¢aiimaMu TIPEOBIOYIIMX BEPCHH ITIPOTPaMMBI
ACTPA (*.apr, *.npr, *.tpr, *.dat).

3. Co3nmanue mpoekTa (pacueTHOW MOJeNn
ACTPA — *.anp) Ha OCHOBE TIPOEKTAa,
CO3JJaHHOTO IIPOrpaMMou CTAPT
(npeobpazoBanue (¢aiina oTkpbITOro (hopmara
CTAPT — *.ini).

4, Bozmoxen BBIOOD MOJIb30BaTENEM
(mepexiroueHne B mporecce  pabOThI)
OTpAacieBBIX HOPM pacuera.

B crpoke 3aronoBka

YKa3aHO UMsI IPOEKTa.

1. B crpoke 3aroyioBka ykazaH IOJHBIA
MYTh K MIPOEKTY.
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ACTPA-HOBA’2003

ACTPA-HOBA’2015 (penus 201605)

2. Ilepexr  OTKPBITHEM  CYIIECTBYIOLIETO
OPOCKTa CTal BO3MOXKCH IIPEABAPUTEIIBHBIH
IPOCMOTP CXEMBL.

JlobaBneHa  BO3MOXHOCTb BpallIeHHs u

MepeMENICHHsT CXEMbl B OKHE MPEIBAPUTEIBHOTO

OpOCMOTpa  [UI  YIYYIICHHS —MPEACTABICHHUSL

PacUeTHOMN CXEMBI:

e UIA BpAICHHS CXEMbI HCIOJB3YeTCs
kiasuma Ctrl + npaBast KaBuIa MbIILIH;

e sl [EpPEMEIICHHS CXEMBI B  OKHE
[peIBapUTEILHOTO IpOCMOTpa
ucmons3yercss kinasuma Shift + mpasas
KJIABHIIA MBILIH.

bazer JAHHBIX 10

Matepuanam (cramsm) st AIC,
T3C, HEQTEXHM.

1. [osiBHIIach BO3MOXKHOCTH JOOABIICHUS U
pemaKTHPOBAHUSA (U3NKO-MEXaHUIECKUX
CBOWMCTB  MarepuajgoB, T. €. CO3/IaHHE
“coOCTBEHHOW” 0a3bl IaHHBIX IOJIB30BATEIIS
no wmarepuanaMm. Ta wacte b/, xotopas
co3/aHa pa3paboTyukamu, ocraercst
HEHU3MEHHOH.

2. W3meHnnuch, napameTps:

e 1o0aBneH TuUn crand  (AyCTEHUTHas,
HEayCTCHHUTHAsI),  HCOOXOMUMBIH  JIIs
pacuetoB o PTM 38.001-94;

e 1100aBNeHAa 3aBHCHUMOCTH XapaKTEPHUCTHK
craneil ot pecypca pabOTHI ISl PacyeToB
mo PJ] 10-249-98.

3. Jo6aBneHs penakTupyemsle 0a3bl
JIAaHHBIX IO ONOPaM, COJIepIKalllue.

e  JIONycKaeMble Harpy3KH Ha OMOPBI (CHIIBI
U MOMEHTHI);

e  JIONyCKaeMble IepEeMEIleHHs] CEYEHHUS C
ONOPOii BIIOJIb OCEM.

BosmoxxHOCTB HaCTPONKH

TOJNLIMHBl JIMHUA TPU BBIBOJE
rpadguyeckoro n3o0pakeHHs Ha
nedate (Q@aiin > Hacmpotixa
napamempos nevamu. ..).

JloGapneHbl BO3MOXXHOCTH H3MeHeHust (QDaiin 2>
IHapamempor cmpanuypl. . .):
e (Qopmara  crpanuupl  (pasmepa W
OpHUEHTAIUH);
e  pa3Mepa ol o BEIOOPY MOIb30BaTEINs;
e  IITaMIIOB CTPAHHIBI, 00Pa3Ibl IITAMIIOB B
dopmare *.dxf, mo ymomganuro, XpaHsTCst
B mamke:  AstraNoval  Templates\
I ramm.dxf.
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N3menenue npudTa
ISl TEKCTOBBIX  JIOKYMEHTOB,
BEIOOp pabodell AUPEKTOPHH

Jlo6aBneHbI BOBMOXHOCTH H3MEHEHWSI:

mpupToB (pasMmep, CTHIb, IIBET) I
HyMEpalWu y3710B U CCUCHHH, a TAKXKe IS
OoTOOpakeHHsT  pa3MepoB  (PacCTOSIHUIA
MEXy CeUCHHUSIMN);

€IVHUI] H3MEpEeHUs pa3MepoB (METpHI,
CaHTHMETPBI, MUJUTUMETPBI);
JUIMHBI  crucka  (aitios
MOCIEAHNX  OTKPBIBAEMBIX
m3MenseTes ot 4 1o 10).

(crimcok
MIPOEKTOB

¢ zpagpuyeckumu OKHamMU

Paboma
CranpmapTtHass  TaHeNb
WHCTPYMEHTOB, TaHEeb
MIPOCMOTDA, BO3MOYKHOCTH
MaHUIYIAPOBAaHUS  HM300paxke-
HHEM C TIOMOMIBIO  MBIIIN.
ITanens CIIHMCKa YYacTKOB

MO3BOJISIET BBIOPATh AKTHBHBIH
Yy4acTOK.

1.

CymiecTBeHHO YIydIleH HHTepdenc s

paboTHI ¢ TpadUIESCKUMI OKHAMH:

(paccTosiHMIA MEXIy CEUCHHSIMH),

,I[O6aBJ'I€HbI KHOIIKKM MaHHUITYJIMPOBAHUA
I/1306pa)KeHI/IeM N KOHTCKCTHOC MCHIO

(BpameHne B peaJbHOM  BPEMEHH,
MepeHoc, MacuITabupoBaHue,
3YMMHPOBAHKE), TIPH 3TOM COXPAHEHBI U
“crapbie” CIIoCcOOBI paboThI c
HU300paKeHUCM;

YIIy4IIEeHBI napameTpsbl BpAIICHUSI

n3o0paxkeHus (pparMeHTa CXeMbl;

BEIOOp crtocoba 0ToOpaXkeHnsT HyMepanuu
Y3JI0B M CEYCHHH MOAEIH MO >KEIaHUIO
I0JIb30BaTENs (OTCYTCTBHE, TOJBKO Y3IIBI,
Y3JIBl M CEYCHHMS) BO3MOXKEH C IOMOLIBIO
SKpaHHOW KHOIIKH;

KHOIIKA  TIEPEKIIIOUeHHs  M300pakeHHs
MOJIEII C PEATUCTHYHOTO OOBEMHOTO
(3D-momenp) Ha cxemaTHyeckoe (oceBas
MOJICIIb);

n300paxxeHne KOHCTPYKTHBHBIX
9JIEMEHTOB  TpyOompoBoia  (Omopsl,
OTBOJIbI, TPOHHUKH, apMaTypa U T. 1.) H
COCPE/IOTOUCHHBIX CHJI, KaK Ha 00BEMHOH,
TaKk M Ha OCEBOW MoOJeNd B TIpe- U
MOCTIpOIECCOpax;
BO3MOXHOCTB

noKasza pazMepoB

a

MOJ3EMHBIX YYACTKOB — U TIIyOUHBI 3aJI0KEHHsI
TpyOOIpoBOa.

AKTUBHBIH  cymepasieMeHT  (Y4acTok)

Mocksa, 2021
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BBIJIEISIETCS] HA CXEME TPYOONpOBOJa IIBETOM.
Jnsa ymoOGctBa pabOTHI € TMaHENbIO CIFCKA
y4acTKOB ~ no0aBiieHa  KHONMKAa  BBIOOpa
AKTUBHOTI'O ydacCTKa MBIIIBIO, HBOﬁHLIM
IIETYKOM  OTKPBIBAETCS JHMAJOrOBOE OKHO
T'eomempua yuacmka (71 BbIOpaAHHOTO
y4acTKa).

3. [lanenn WHCTPYMEHTOB HACTPaMBAIOTCH,
ananormdHo ApyruM Windows mpuiioxeHusm
(HacTpoiKa MUKTOTPaMM KOMaHJ).

Ilpenpouyeccop

Memnrw “/lannvie”

Bo3moxxeH BbIOOp THIIA

NI

JoGapneHsl HEOOXOIMMBIC THUIBI TPOWHHKOB
quts pacaeroB o Hopmam PJI 10-400-01 u CHull
2.05.06-85  (cBapHOWf ¢  YKPEIUIAIOIIUMHU
HaKJIaJIKaMH, CBapHOH 0e3  YKpeIUIIIOINX
HAKJIaJ0K, IITAMIOBaHHBIN U IITAMIIOCBAPHOH).

HoGaBneHa BO3MOYKHOCTh ~aBTOMaTHYECKOTO

MO/JICTHPOBAHUS CYIIIECTBEHHO
HEPAaBHOIIPOXOJHBIX TPOMHUKOBBIX COCIUHEHUN U
COCITMHCHUI “obopynoBanue-Tpyoa” c

COXpaHEHHEM HX  peallbHbIX  I'€OMETPHKO-
JKECTKOCTHBIX ¥ Harpy304HbIX XapaKTepUCTHK.
[OpuentupoBana Ha CO3laHHE IIPOEKTOB II0
Hopmam [THAD I'-7-002-86 (4CTPA-ADC), PTM
38.001-94 (ACTPA-HE®TEXHM), P]] 10-249-
98, 1.5.2 (ACTPA-T3C).]

B pamkax crepxHeBOM = Moaenu, A
TPOMHUKOBOTO  COECIUHEHHS  OMNPEACISIOTCS
CHJIOBBIE (haKTOPBI, IEPEMELICHHUS] U HANPSHKECHHS
B MOYKAX, PACIIOJIOKCHHBIX HA nepeceueHuu
ocell MaruCTpaJbHOM W mTynepHod Tpyo. Ilpu
OonplIMX JAnaMeTpax TpyO, MOJETUPYIOMINX
000opysoBaHUE, HHTEPEC MPEICTABISIOT CHUIIOBHIC
(dakTOpel B MeCT€ IpPHUMBIKAHHMS LITyLEpa K
00opynoBaHUIO (Ha 00pasyromiei).

Takue  mTymepa  MOXHO  MOJEJIUPOBATH
BpyuHyto (cM. Tabmuny “I'eomempus yuacmxa’)
IIPY TTOMOIIN BCTaBKH JKECTKOTO OTPE3Ka B KOHIIE
WIM B HadaJe ydJacTka, JUIMHOH ‘.2 nmamerpa
“MarucTpaibHOl  TPYOHBI”, MOJICTHPYIOICH
obopynoBanne. BcTaBieHHBIH OTPE30K HMEET

TPOWHUKA (cBapHoii
IITAMITOBaHHBIN ).
74

HUIL CtaluO




Ipunoxenue 6

ACTPA-HOBA’2003

ACTPA-HOBA’2015 (penus 201605)

HYyJIEBOM BEC, YIBOEHHBIH AMAMETP U TOJIILKUHY
creHkn pasHylo 0,49 mmamerpa, 9TO MO3BOJISET
0ojee TOYHO ydecTh pabOTy TaKOTO COCTUHEHUS

(mammpumep, TEMIIEPATypPHBIE paciupeHus
000pyIOBaHMUs).
st ABTOMATHYECKOTO MOJIETMPOBAHHMS

CYIIECTBEHHO HEPaBHONPOXOIHBIX TPOWHHKOBBIX
COCIMHCHUN ¥ COCNUHCHHH “‘000pyIOBaHHE-
Tpy0a” C  COXpaHCHHEM WX  peallbHBIX
TEOMETPUKO-)KECTKOCTHBIX ~ M Harpy304HBIX
XapaKTEPUCTHK HEOOXOANMO:

e B pexume [IPEACTPA, BEIOpaTh B MEHIO
“Hannvie” > “Tpotinukulgpesxi’” Te y3IsL,
B KOTOpBIX Bam HyXHO 3a7aTh HE MPOCTO
TPOHHHK, a COCTUHEHHE ‘“000pyHOBaHHE-
TpyOa” C UCIOJBb30BAaHHEM  IKECTKHX
BCTaBOK (IMaMeTp IITYyIepa CYIECTBEHHO
MEHBIIIE TUaMeTpa MarucTpain)

e  YnopocTuTh BHIOOP TaKHMX Y3JIOB MOXHO,
BOCIIOJIb30BABIINCh MEHIO “‘/[anHbie” >
“Tpotinuxulepesxu” > rpymnmna
“Homemums” —> xHonka “CoeduHeHust
“obopyoosanue-mpyoa”. lTlocme 3TOTO
HYXHO BBECTH KpHUTEpHUH  BBIOOpa:
cootHomrenne Dy, /D, (oTHOLIEHHE
JaMeTpa  MarucTpand K  AHAMETpy

mTyLepa).

e  Eciu BbiOpaHHbIe porpamMMoii y3isl Bac
YCTpauBaroT, TO Ha ydacTkax,
IIPUMBIKAIOIINX K 9TUM y31am

(TynepHsle KOHIBI), OyIyT BCTaBJICHBI
xecTkue orpesku (rpymma “3adams” >
KHOIIKa “JKecmkue 6cmaeku’).
[MapaMeTpsl BCTaBISIEMBIX OTPE3KOB CM.
Bbiie. OOpaTuTe BHUMaHUe: IEpen
OCYILIECTBIIEHMEM  JKECTKHMX  BCTaBOK
pEeKOMEHIyeTcs  cAenaTh  PE3ePBHYIO
KONHMIO TIPOEKTa, COXPAHWB €ro IOX
IPYTUM HWMEHEM, IIOCKOJIBKY BCTaBKa
KECTKHX OTPE3KOB MEHSET pPacUeTHYIO
CXeMy.

Ilpu MOJIEJINPOBAHUU COEJIMHEHU I

Mocksa, 2021
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00opynoBaHUS C TPYOOIPOBOJIOM, TPH pacueTax
BO3HHUKAIOT HEONPABAAHHO OOJBINNE HATPY3KH B
mrynepax. Jnsd mpemoTBpamieHus MOM00HON
CUTyaluu HCO6XO}II/IMO YUUTBIBATL PCaJIbHYIO
JKECTKOCTh (TIOJATIMBOCTh) INTyIlEpa B MeCTe
NpPUMBIKaHUsT TpyOOIpoBoAa K 00O0PYAOBAHUIO.
[MomarnuBocTe MITYyLEPOB B paMKax pacdeTa C

IOMOIIbIO IIK ACTPA-HOBA’05 HE
OTpeNieNIeTCsa, HO €ClIM MOJATIUBOCTh YXkKe
W3BECTHA — OIpENeleHa C TIOMOIIBI0 APYTHX

pacdetHbIx mporpamm (Hampumep, Cra/lunO), To
ee ydeT, BO3MOXeH. Jmg ydera W3BECTHOM
MOJATIMBOCTH IITYNIEPOB 000pymoBaHuA (TpyO)
BOCIIONIE3YHTECH IMyHKTOM “‘Bpesxu” u 3amaiite 6
KOMIOHEHT (3 — JMHEeHHBIX, 3 — YIJIOBBIX)
JKECTKOCTH.

Bo3moxkHO 3a/laHue
COOCTBEHHBIX nepeMeneHUH
omop B pabodyeM (ropsyem)
COCTOSTHUH (annoie >
Ilepemewenusn  3aujemnarouux
onop...).

Beenenue Ttabmuunoit rpader  ““/lomyckaemas

Harpy3ka” JUIs CCUYEHHHM TpyOompoBoga Ha
naTpyOkax  apMaTypel W 00OpyJOBaHHSA,
3amoyiHAeMOd 0O  JaHHBIMH OT  3aBOJa-
u3rorosurens, mnbo seanunnamu uz OTT-87.

Hius  3agaHus W TPOCMOTpPa JIOMYCKAaeMBIX

Harpy30K Ha 000pyI0BaHHE HEOOXOIMMO:

e 3ajaTh JONyCKaeMble HArpy3KH JJis
3alIEMISIIOIINX ~ OMOp B PEXHME
ITIPEACTPA, BOCIIOIB30BaBIINCE MEHIO
“Hannvie” > “Xapaxmepucmuxu
sawemnsiowux onop” > “Ilepemewenus
sawemasiowux onop” >  JHAIOTOBOE
OKHO “Xapaxmepucmuxu
sawgemnsiowux(eti) onop(vi) 6 yanax(e)” 2>
ITYHKTBI “Ilonycxaemvie cunel”,
“Ilonycxaemvie Mmomernmol’”.

Bsox rapaMeTpoB
pacdueTHOl cxeMbl TPyOOoIpoBoIa
c TTOMOIIBIO TaOJIUYHOrO
uHTepdeiica mpenporeccopa.

Coznanue “anpTEepHATUBHOTO” Mpempoleccopa
(Hannvie > Tpaccuposka).
JanHblil perpoleccop:

®  II03BOJISIET MO/JIETUPOBATH

TpyOOIIPOBOIHBIE CHCTEMBI B PEKUME ON-

line, omepupys orpeskamm  “Tpy6”,

“oTBOTOB” W 1Op., C IOCIeRyromeit

reHepaiuei pacueTHONW MOJIEINH;

®1aCT BO3MOXXHOCTb HCIIOJbB30BaTh 0a3bl
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JAHHBIX IO W3JEeNusAM (IpsMble TPYOBHI,
OTBO/IBI, TPOIHHUKH, apMmarypa,
KOMIIEHCATOPBI, OMOPBI U T. 11.);
®OPHEHTHUPOBAH HAa CO3JaHHE IIPOCKTOB IIO
Hopmam  PII 10-400-01  (ACTPA-
TEIUIOCETH) wu CHull 2.05.06-85
(ACTPA-MATHCTP).

Bo3MoxHOCTB UCIIOJIB30BaAHMS
“TpalMlIMOHHOTO” Tperponeccopa KakK
CaMOCTOSTENIbHO, TaK W COBMECTHO C HOBBIM
TpaccupoBuikoM  (mepexoi 43 OJHOTO
mpemnporieccopa B APYrodl, u  00parHo),
noxnepxusaercst ITK ACTPA-HOBA’09 (200901
¥ BbIIIEY).

MoxHO 3amaBaTh WIIH
MEHSTh IMapaMeTpbl W3 OOIHMX
JAHHBIX cpa3y JJIsI HECKOJIBKUX

3aMeTHO yiydIleHa W YIpolleHa padoTa ¢

JINAJIOrOBBIM OKHOM OQéugue 0anHble yuacmKos:.

1. JlaHHBIE CrpyNNUpPOBaHbI IO TEMaM.

2. OdopmiiecHHE OKHA AaHAJOIMYHO OKHY
Oobuwue OamHble yuacmka, B KOTOPOM
rapameTpsl 3aJaBajHCh JIsl KaXXI0TO y4JacTKa
B OT/AEIBHOCTH.

3. JobGasneHa BO3MOXHOCTb
MO (pUIIPOBATH JTAaHHEBIC 3aKIIAIKH
Mamepuanst ipu oMoy 0a3bl JTaHHBIX I10
Matepuanam (b/]), mpuueM XapakTepUCTHKU
MaTepuana OyAyT COOTBETCTBOBATH pabodnM
rnapamerpam KaxJoro y4acTka.

4, Bo3moxxHO ~ He3aBHCHMOE  U3MEHEHHE
napamMeTpoB B 3aKJIajKaX, T.€. 3HAuYCHUE
napamMerpa  pasIM4HOE€ I BBIJCJIIEHHBIX
YY4acTKOB ~ MOXXHO  Kak  HW3MEHUTh  Ha
OJIMHAKOBOE, TaK U OCTaBUTh 0€3 N3MEHEHHSI.

Y4aCTKOB.
Y nanenue 31
paccTaHoBKa IUHAMHAYECKUX

CTETeHeH CBOOOIBI BPYUYHYIO.

1. JobaBneH nyHKT Yoanums ece maccol
cxembl,  KOTOPBI  IO3BOJSET  YAAIUTh
JMHAMHYECKHE CTEleHH CBOOOJBI CO BCEX
Y4acTKOB MOJIEIIH.

2. C nomompo nyHkra Paccmasumsb ece
Macchl aBTOMATHYECKH PAaCCTABISIFOTCSI MAcCChl

! Hymepamms Bepcun comepkut rox u mecsi peiusa IIK ACTPA-HOBA’2017, t.c.
201611 — cootBetctByeT HOsIOpIo 2016 Toma, a TakkKe W HOMEP MOJpENH3a, HaupuMep

201611-p1.
Mocksa, 2021
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BO BCE MMEIOIHECs] CEYCHHsI CXEMbI, BKIFOUas
cepearHbI THOOB (OTBOJIOB).

ITonzemHEIE
TpyOompoBoasl  OecKaHaTBHON
NPOKIJIAJKA HE 3aJaloTcs U He
CUUTAIOTCAL.

Ilynxkr /Ipobums noosemmvie yuacmku
MO3BOJSIET OBICTPO ®  yAOOHO [M00aBUTH Ha
MOI3EMHBIX y4acTKax TpyOOIpoBOIa
(6eckaHAIbHOM  TIPOKJIAIKK)  JOIOJHUTEIbHbBIE
CEUYCHUS OIITUMAJIbHBIM 06pa30M.

BoamoxHOCT 3a71aBaTh u
PeIAKTHPOBATH
Ceiicmogo3oelicmeuss, a TaKKe
3arpyxarb WX U3 HMMCIOIIUXCS
TEKCTOBBIX (DaiiyIoB.

[Tpu 3amanuu Ceitcmososoeiicmeus

1. Crano BO3MOXXKHO BBECTH TEKCTOBBIH
KOMMEHTapui, KOTOpBIi Oyner oToOpakeH B
(aiize BbIIaYM Pe3yIbTATOB.

2. JobaBneHsl HOBBIE BO3MOXKHOCTH HPH
HPOCMOTpE rpaduka BO3ACHCTBUSL:
*  macwmabuposanue;
®  nepemoc;
®  Hacmpolika — TO3BOJSAET BHIOPATh YHCIIO
JIEMOHCTpUpYyeMbIX mpoekmuit (1 — 3), u
MoKazaTh (WM HE TII0Ka3bIBaTh) YHCIIOBBIC
3HAYCHUA.

OTCyTCTBYIOT pacyeTHbIe
KOMITJIEKChI ACTPA-
TEIUIOCETH U ACTPA-
MATHCTP.

Jns peanuzauuu pacuetoB mo Hopmam PJ|
10-400-01 (ACTPA-TEIUIOCETH) w CHull
2.05.06-85 (ACTPA-MAT'HCTP) noGaBieHb
MYHKTBI:

1. Temnepamypuste ucmopuu,
HEOOXOAMMBIE ISl 3aJaHHsl TeMIlepaTypHOMH
UCTOPUM  TpPU  pacyerax  IUKINYECKOH
MOBPEK/1aeMOCTH 1o BBILIIEHA3BaHHBIM
HOpMaMm.

2. TI'pynmpl. DTOT IyHKT TO3BOJSIET 3a/1aTh
(mmm BBIOpaTh W3 0a3pl JAHHBIX) (UIUKO-
MEXaHUYECKUE XapaKTEPUCTUKU T'PYHTOB IPHU

MOJICITUPOBAHUN MOJ3EMHbBIX Y4aCTKOB
TpyOOIIpOBOJOB OeCKaHAIPHOW  IPOKIIAJKH
(Temocetn) u MIO/I3EMHBIX/Ha3eMHBIX

MarucTpajibHbIX HedTe- U ra30IpOBOJIOB.

Menio “Yuacmku”

OO0uive 1aHHbIEe yyacTKa
3aJ]al0TCs C IOMOIIBI0 cyOMEHIo,
COJIEpIKaILEro HaO0p
JIMAJIOTOBBIX OKOH, B KOTOPBIX

Unrepdeiic okna Ofugue dannvie yuacmka
3aMETHO YITy4llIeH:
® BCE XAapaKTEPUCTUKH IPEICTaBJICHbI B
OJTHOM OKHE M CTPYHIMPOBAHBI MO TEMaM
B BHJIC 3aKJIaJI0K;
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JAaHHBIC ~ CTPYNIHUPOBAHBI  TIO e BO3MOXEH BHIOOp XapaKTEepUCTHK U3 0a3
TeMaMm. JIAHHBIX;

e no0aBiieHBl XapaKTepUCTUKU H3onayuu
JUISL PacueToB MOA3EMHBIX TPYOOIIPOBOAOB
OeckanaipHOl  mpoknaaku  (ACTPA-
TEILUIOCETb u ACTPA-MATHCTP),

e s pacyeroB mo Hopmam PJ] 10-400-01
(ACTPA-TEILTOCETbD) nobaBiieHa
BO3MOXKHOCTh ~ BBIOOpa THIIAa OTBOJA
(tuba);

e pabora c oxkHamum QObuwjue OanHble
yuacmka (U1 3aJaHAA  XapaKTEPUCTHK
OHOTO KOHKPETHOTO yd9acTka) u Oouue
oannple yuacmkoé (AN 3amaHUA |
U3MEHEHHsI XapaKTePUCTHK HECKOIBbKHX
Y4aCTKOB OJTHOBPEMEHHO).

BBonx reomeTpun ydactka. HamHoro ynobHee cTano ocyLecTBIATh BBOX
TE€OMETPHH yJacTKa “TPaJHIMOHHBIM” CIIOCOOOM:

1. OtkpeiTHe auanorosoro | 1. Crano BO3MOXHBIM OTKPBHIBaTh OKHO
okHa [T'eomempusn yuacmka Teomempus yuacmka Xak W3 MCHIO, TaK H
OCYIIECTBIISICTCS M3  MEHIO HEMOCPEACTBEHHO M3 TIpadUueckoro OKHa,
Yuacmku. BBIJICJIMB HY>KHBIM Y4aCTOK Ha CXEME.

2. I'nobGanbHas nexaprosa | 2. Beenen mpusHak Buma koopauHat. llpu
CcHucTeMa KoopauHaT JUIA 3aJaHu TCOMCTpHUU Y4YaCcTKa MOXKET 6BITI)
3a7laHusl TEOMETPHH Y4acTKOB UCIIOJBb30BaHA OJHA M3 CIEAYIOLIMX CHCTEM
CXEMBI. KOOpPJIMHAT:

®  TIPaBOCTOPOHHSIS JeKapToBa c

(PMKCHPOBaHHBIM HA4YaJIOM KOOD/MHAT;

e IMIMHApPHYECKas ¢  (UKCHPOBAHHBIM
HayYaJIOM KOOpANHAT;

e chepuueckas ¢ PUKCHPOBaHHBIM HAYAJIOM
KOOpAMHAT;

®  JIOKaJbHAs NPaBOCTOPOHHSIA ICKapTOBa;

e  JIOKaJbHAS LIMJIMHIPUYECKas;

e  JIOKaJbHas cheprudecKasl.

3. Kuonku mnpu3HakoB Ha | 3. VYiyuiieH BBOJI IPU3HAKOB:
MaHeIu BBOJIA u e KHONKH MPHU3HAKOB CIPYIITUPOBAHBI IO
IyOonupyrolias ux mojckaska B TeMawm;
CTPOKE CTaTyca (NOACKa3KH) U e [OABUICA  AIbTEPHATMBHBIA  CHOCOO
B [10JIC BBO/J1a IPU3HAKOB. YAajleHUsT HEHYXXHBIX IIPHU3HAKOB IIyTEM

HX “BbIHOCA’ 3a M0JI€ BBOJIA NPU3HAKOB,
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J00aBIIECHBI MPU3HAKH: Jrcecmras
nooeecka, NO2OHHAA HA2PY3KA, 2PYHM,;
IIpU BBOJE IIPU3HAKA OMAUNAIOWUEC
3Hayenusi  po0OaBieHa  BO3MOXKHOCTD
OBICTPOTO 3aIOJHEHHS MOJIeH C IOMOIIBIO
KHOITKHU KaK 6 00WuxX OaHHbIX,

IpU  MOJAEIHMPOBAHMH  KOMIIEHCATOPA
CTaJlO  BO3MOXHBIM  337aBaTb  €ro
TEOMETPUYECKHE XapaKTePUCTHKU  JUIs
pacyera HampsOKEHHH B KOMIICHCATOpPax
no Hopmam PJ[ 10-400-01 (ACTPA-
TEIUIOCETH), a Takke 3aaaBath
BEIMYMHBI KECTKOCTEH KOMIIEHCATOpa
PaBHBIMHU  JICECIKOCHAM NPUMBIKAIOUUX
mpyo (3HayeHue KECTKOCTEH
BBIYUCIISIETCS 110 JJAHHBIM OTPE3Ka);
OJIMHAKOBBII MIPU3HAK MOXHO
OJTHOBPEMEHHO pAaCCTaBJIATh, H3MEHSITH,
YIAISATh B HECKOJIBKMX CEUYEHHSX Cpasy;
MOSIBUJIaCh  BO3MOYKHOCTH  KOTIMPOBATh
XapaKTepUCTUKH  TpH3HaKa  Jroboro
CEYCHUSI OJHOTO ydYacTKa CXEMBl B
MIPOM3BOJIFHOE CEUEHHE JIPYroro ydacTKa
9TOMN KE CXEMBI IyTeM “‘TIepeTaCKUBAHUS
(m7st 5TOTO OTHOBPEMEHHO JOJIKHBI OBITH
OTKPBITHI TEOMETPHH 00OHX YIACTKOB)

4,

DyHKIUSA Yoanumo
MO3BOJISIET YHHUTOXHTh
HEHYXHbIE CEYEeHHUSI BMECTE CO
BCEMH NPU3HAKAMH.

4

Kpome CYLLECTBYIOIIEH byHKIIN

Yoanums, noseunuces Jlonoanumenshoie
dyukyuu:

Buiyucnume  noconnwiti  eéec  — A
BBIYKMCJICHUS] TIOTOHHOTO Beca TpPYyOBI,
M30JSIIMM M TIPOAYKTA MO0 HMX 3aJlaHHBIM
IUIOTHOCTSIM, YTO  HEOOXoamMmo  JuIsi
pacyera  IOJ3EMHBIX  TpPyOOIPOBO/IOB
(ACTPA-TEILUIOCETh u  ACTPA-
MATHCTP);

Jlpobums ompeszox — pmna  pa3OueHUs
yKa3aHHOTO OTpe3ka (dIeMeHTa) Ha
3aJ]aHHOE YKCJIO PABHBIX OTPE3KOB;
Jlpobums noosemHvlie ompesku — IS
pa30oueHus MOJ3EMHBIX OTpPE3KOB
TpyOorpoBoaa OIITHMAJIbHBIM VIS
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MOCTPOEHHS PACUETHON MOAENu 00pa3om;

e lpobums ompe3ku ¢ wiazom — I
BCTaBKM Ha YYaCTKE MJOTOJHHUTEIBHBIX
CEYCHUM c 3a/1aHHBIM 1arom
(OTHOCHUTENBFHO AUaMETpa);

e Paccmanoexa OuHamuyeckux cmenemeil
€80000bl — PACCTAHOBKA JWHAMUYECKHX
CTeneHell CcBOOOJIBI BO BCE HMMEIOIIHECS
CEUCHUS Y4acTKa;

e Voanumsv Hezadelicmeosanuvle cMeujeHus
— I yOaleHWs CEYeHWH, 3aJaHHBIX
“CMeIIeHUSIMH ™, B KOTOPBIX OTCYTCTBYIOT
KaK#e-100 Ipu3HaKH.

Bo3MoxkHOCTE 3amaBaTh U
penaktupoBaTh Bubpayuonnoe
u lunamuuecxkoe e603deiicmeus
Ha y4JacTKe, a TaKKe 3arpykaTth
X HU3 HUMCHOUIUXCSI TEKCTOBBIX
(aiiios.

IIpu 3apanuu Junamuueckozo 6o3oeiicmeus
J00aBJIEHBI HOBBIE BO3MOXKHOCTH IIPH TIPOCMOTPE
rpaduka BO3IeHCTBHUS:

*  umacwmabuposanue;

®  nepeHoc;

®  Hacmpouka — TIO3BOJIACT BHIOPATh YHCIIO
JEMOHCTpUpYeMbIX mpoekuuit (1-3), u
MOKa3aTh (WM HE MOKa3bIBaTh) YHCIIOBBIE
3HAYCHUSL.

Menio “IIpocmomp”

Bosmoxxen BBEIOOD
XapaKTEepPUCTHK MPOCMOTpa st
OoTOOpakeHHss B TpapuIecKOM
OKHE.

Jis momzemubIx Tpy6omnpoBonos (ACTPA-
TEIVIOCETh n ACTPA-MATI'HCTP) no6asiex
TI0Ka3 CJITYIOLINX XapaKTEePUCTHUK:

e Ipyum - MIOJ3EMHBIE OTPE3KH
otoOpakatoTcst JApyruM (10 BBIOOpPY
MIOJIF30BATEINS) IIBETOM,;

e M3onayua — TOIN3EMHBIE  OTPE3KH
TpyOOIIpOBOAa, HA KOTOPBIX HMEETCs

TEIJIOU30JISIIUS, OTOOPaXKalTCS JPYTHM

(110 BBIOOPY MOJIB30BATENS) IBETOM;
Komnencupyrowjue nodywiku — TIOI3EMHEIC
OTpe3KH TpyOOINpoBOAa, Ha KOTOPBIX HMEIOTCS
KOMITEHCHPYIOIIIE  TOXYIIKH, OTOOPa)aroTcs
JIpyTUM (110 BEIOOPY ITOJIb30BATEJNST) IIBETOM.

Pacuemmnvie mooynu

Pacyersl Ha TPOYHOCTH MO
OTpacjeBBIM HOpMaM:
1. TIHAD I'-7-002-86

B pobGaenenme k wmmerommMmcs  (1,2,3)
pa3paboTaHbl, pealn30BaHbl M BepUPHUIIMPOBAHBI

METOAMKH pacde€Tra Ha IPOYHOCTH, OTBEYAKONINE
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(ACTPA-A20); TpeOOBAHUAM CICAYIONIMX OTPACIEBBIX HOPM:

2. PTM 38.001-94 4. PI 10-400-01 (ACTPA-TEII/IOCETb)
(4CcTPA- 5. CHull 2.05.06-85 (ACTPA-MATHCTP),
HE®TEXHUM), B TOM YHCJIC pacyeT MOA3EMHBIX TPyOOIPOBOIOB

3. PO 10-249-98, 1n.5.2 | Teruocereld  OeckaHalNbHOW  MPOKJIAJAKH U
(A4CTPA-TIC). MOJI3€MHBIX/HA3EMHBIX (B HACBIITH)

MarucTpajbHbIX He(Te- U Ta30MPOBOIOB.
Ilpu >TOM Kak YCTpaHEHBI HEJOYETHI
yKa3aHHBIX HOPM (B 4YacTH HECTPOrOCTH U
HEKOPPEKTHOCTH (HOPMYI M MOJIOKEHUI), TaK H
BOCTIOJTHEH psift “mipo0ernoB”.
. YHUQHUIMPOBaHBl H ONTUMH3UPOBAHEI BCE
Enusbrii AITOPUTM

pacueTta I BCEX IMPOIrpaMm
KOMILICKCa

OTpacjeBble MPOrpaMMbl  KOMIUIEKCA, CHSATBHI
HEOoIpaB/IaHHbIE OTPaHUYSHNUS Ha Pa3MEPHOCTH.
Tak, 3a cuer 3¢ ¢dexTuBHON Oydepuzamun u

MHHAMH3ALUHE ~ OOMEHOB  BpeMsl  pacuera
yMeHbIIeHo B 1,5 — 3 paza.
Makcumanvhoe 9HUCIO y3IIOB — Maxcumanvroe aucno y3iaos — 2000,
500, cymnepanemenToB (yuactkos) — 2000,
CYTIEpaNIEeMEHTOB  (YYacTKOB) — asieMeHTOB Ha yuyactke — 400,
1000, Munumansnoe ancio y3inos — 0 (uer),
JJIEMEHTOB Ha y4acTke — 1.
9JIEMEHTOB Ha y4acTKe —
40,
Murumanshoe ancrio y3moB — 1,
9JIEMEHTOB Ha Y4acTKe —
2.
Craruka " muknuka | 1. YcoBepieHCTBOBaH UTEPALUOHHBIN
(ACTPA-CTAIL]). aTOPUTM TIPH pacdyeTax Ha CTaTHYCCKYH0 |
LUKJINYECKYI0 POYHOCTh C YUYETOM TPEHUsS U
OTPBHIBOB B OIOpax.
2. OTKOppPEKTUPOBAaH  y4eT MOHTAXHOTO
HaTsra Ha 4 JTarne pacyera.
PeaymzoBana HopmatmBHas (PTM 38.001-94,
B KoMreHeaTopax | p 10-400-01) meromuka pacdeTa HANpsODKCHAA B
BO3MOXKEH pacuer A A P P
MepemenerHii. HEHOPMAIM30BAHHBIX (JIMH30BBIX M CIJIB(OHHBIX)
KOMIIEHCATOPaX.
[pu pacuerax TpyOOIPOBOIOB c
Teron3osineii  mo  Hopmam  PJ[ 10-400-01
(ACTPA-TEIIJIOCETB) u CHull 2.05.06-85
(ACTPA-MATHCTP) OTIPEIEISIFOTCS
HalIpsOKCHUSI, W OLCHMBACTCA TIPOYHOCTHL HE
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TOJIBKO DJICMCHTOB pr6, HO W M30JIALHHA.

Bo3moxkeH  craruyeckud  pacuer  Ipu
JEUCTBUM BHELIHETO IABICHHS Ha TPYOOIPOBOX
(un BakyyMa BHYTpPH TpyOBI).

CoOcTBEHHBIE YaCTOTHI H
dopmbl (ACTPA-DOPM).

3a cyer COBEPIICHCTBOBAHUS AITOPUTMA
(hOpPMHUPOBAHHUS U PEUICHUS YaCTHYHON TTPOOIEMBI
COOCTBCHHBIX 3HAUCHHWH  COKpAIIEHO  BpeMs
pacueTa COOCTBEHHBIX YacTOT U (hopM KoJIeOaHHi
(B “cpemHem” — B 2,5 paza).

Maxcumanvroe  onpenensieMoe
YUCIIO COOCTBEHHBIX 4acToT M (hopM
koseOanmii — 400.

Maxcumanvnoe onpejensieMoe YUCIIO
COOCTBEHHBIX 4acToT U opM kosedanuit — 2000.

Pacuer mHa celicmMuyeckue
BO3JCHCTBHS (ACTPA-
CEHCM).

MaxkcumanbHoe yIuTHIBAEMOE
YUCI0 COOCTBEHHBIX YacTOT H
¢opm komebannii — 400, gucio
TOYEK 3a/IaHHs CIIEKTPOB OTBETa
— 1000, akceneporpamm — 3000

Maxcumanvroe YYHUTBIBAEMOE YHCIIO
COOCTBEHHBIX 4acToT U Gopm komebanuit — 2000,
YHCIIO TOYEK 3ajaHus crekTpoB orBera — 10000,
akceneporpamm — 60000.

Pacuer Ha JuHaAMUYECKHE
Bozaeiicteust (4ACTPA-/THH).

MaxkcumanbHoe yUnThIBAEMOE
YHCIO COOCTBEHHBIX YAacTOT |
¢dopm komnebanuii — 400, nnuHa
BekTopa (mpoexuun) — 3000.

Maxkcumanvroe YYUTBIBAEMOE YHCITO
cOOCTBEHHBIX 4acTOT U (opm konebanuii — 2000,
JuirHa BekTopa (mpoeknuun) — 60000.

Iocmnpoueccop

CBojaHbIe TaOJIMIIBI
pe3yNbTaTOB TPEJACTABICHHI B
TEKCTOBOM (popMmarte.

Jlo6aBnena BO3MOXKHOCTb TTOJTYy4EHUS
cBoAHbIX Tabmun popmata HTML, uro mosBosnsier
HE TOJBKO NPOCMATpUBaTh, HO W IIOJHOLEHHO
peIaKTHPOBATh TaOJIMIBI B TEKCTOBOM PEIaKTOpe
Word u Internet Explorer.

Buszyanuzauus nepemMerieHui
1 HAIPSDKEHUH.

1. TIlpm BH3YaJIN3aIlUI
HanpssKeHUH  1[BET  BCETO
oTpesKa ompenessuics
MaKCHMaJIbHbIM 3HA4YCHUEM
HaIlps>KCHUA Ha KOHIax
oTpe3ka (TIpu 3TOM apMmarypa,
KOMIIEHCATOp,  HEKOIbIEBOE

CCUCHHUC OKpAIlIUBAJIUCh B IIBET

1. IIpu BU3YyaJIu3aluu HalpspKeHU!
W3MEHWINCh ~ TPUHLUNBI  NPEACTABICHUS
HHpOpPMaLIUH:

®  D3JIEMEHTBHl, B KOTOPBIX HaNpsHKEHUS HE
BBIUUCIIIOTCSL (apMaTypa, HEKOJBIICBBIE
CEYEHMsSI) OCTAIOTCS IMpPH BHU3yaU3alUU
OKpalIeHHbIMM B HEUTpaJIbHBIA IIBET
(uBeT ucxoHOTO TPYOOIPOBOIA);

®  OKpPECTHOCTb CEUEHHSs, paBHas MOJIOBUHE
JUIMHBI 3JIEMEHTa, OKPAIlUBAETCS B LIBET

Mocksa, 2021
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OJJHOTO u3 COCEIHUX COOTBETCTBYIOILETO HAPSIKECHHS.
OTPE3KOB).

2. Bo3MoXeH mmpocMOTp Kak | 2. Hdnst ynoOCTBa OLEHKH HANPSHKEHHOTO
abcomotHex (B MIla), Tak u COCTOSIHHSL TPYOOIIpOBOJa TIPHU TIPOCMOTpE
OTHOCHUTCIIBbHBIX (CpaBHeHI/Ie C OTHOCHUTCIIBHBIX HaHp)I)KeHI/Iﬁ MOXHO BBI6paTB
JIOITyCKaeMbIMHU) BEJINYUH CHOCOOBI OKPACKH HAITPSKSHUIA:
NPUBEACHHBIX HAPSIKCHUM. ®  0sa ygema — IIPU KOTOPOM BCE IJIEMEHTHI,

B KOTODPBIX HAMpSOKCHHE HE MPEBBILIACT
JIOITyCTHMOT0, OKPAIIICHbI B OJIMH ILBET, a
Te TIJ¢ HANPSDKCHHE BBINIE HOPMBI — B
IpyTOoi (HampuMep, KpacHBIH);

®  mpu yeema — IPH KOTOPOM LIBET OTPE3KOB
pas3iuyeH Ui TeX, TAe HApsOKSHUs HIKe
momyctumbix  (0-80%),  Omm3km K
npemenbHo  gomyctuMeiM - (80-100%),
MPCBLIIAIOT AOIMYCTUMBIC.

3.  MoxHo BbIOpaTh MaciiTad | 3. B nmobaBneHMe K CYIIECTBYHOIIEMY
OTOOpaKEHUSI TIEPEMEIICHUIN C croco0y BbIOOpa MacinTaba mepeMelIeHHA
TMOMOIIBIO ITYHKTAa MCHIO. BBCJICHA KHOIIKAa Ha IaHCJIW HHCTPYMEHTOB,

M103BOJISIIOIIAS CJIEeTIaTh JTO Jierdye u ObIcTpee.

4. Tlpm Bu3yanuzanuu | 4. I[Ipu BEIOOpe pexuma Ilokazvieams
HAMpPSDKCHUAN U MepeMeIeHUH 3HaueHus YVCIICHHBIC 3HAUCHHS MapamMeTpoB
MOXXHO MPOCMATPHBaTh KX B BBIOpaHHBIX CCUYCHHSAX BBIJAIOTCS IPU
YHCIICHHBIC ~ 3HAYCHUS B paboTe co BceMH TpadUUYECKUMU OKHAMHU
MHTEPECYIOIIEM CEUCHHH. TIOCTIIpOIIEcCOpa (Bu3yanu3zanus

nepeMenieHHH U BU3yaIn3alus HaIpsDKCHUH)
U COXPAHSIOTCS NPH JIIOOBIX MaHUITYJISALUAX C
n3o0paxkeHreM  (TIOBOPOT,  IIepeMelIeHue,
3YMMHPOBAHHUE H T. 11.)
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ACTPA-HOBA’2007 (20.04.2008)

[Iporpammet ACTPA-TAC,
HE®TEXHUM, TEIUIOCETH n
MATHCTP  ceptu(dUIMPOBaHEI

OI'VIT OIIC Tocerpost Poccun na
COOTBETCTBHE TpeOOBaHUIM
CJIE/TyFOLINX HOPMaTHBHBIX
nokymentoB: PJI 10-249-98, PJ

[porpammer  ACTPA-T3C, HE®TEXHM,
TEILVIOCETh, @MATI'HCTP B cocTaBe
KOMILJIEKCa ACTPA-HOBA’2009

cepTU(UIIMPOBaHbI B OpraHe Mo cepTH(UKaN
MIPOTPaMMHON NPOJYKIUH B CTPOUTENIHLCTBE
OOO IICIIC Ha cooTBEeTCTBHE TpeOOBaHUSIM
CIIEAYIOIMX HOPMATUBHBIX JOKyMeHTOB: PJI

10-400-01, PTM  38.001-94, | 10-249-98, PJ 10-400-01, PTM 38.001-94,
CHull 2.05.06-85, CHull | CHulI 2.05.06-85, CHulI 2.01.07-85 u CHull
2.01.07-85 wu CHull 11-7-81 | 11-7-81 (ceptuduxar coorBerctBuss Ne POCC
(ceptuduxar coorserctBust POCC | RU.CIT15.H00100, CPOK JeficTBHA c
RU.9001.11CII11.H00141 Ne | 25.06.2007 no 25.06.2009)

0312925, cpox  pmeiictBHA C

15.07.2004 o 15.07.2006).

Bxnrouenue BO3MOKHOCTEN Bepudukanus, TOTHOICHHOS TOAKIIOUCHHE
(dbopmupoBaHus 51 yueTa | ¥ BHSTHBIH MOJb30BATENbCKUIl HMHTEpderic
MaTpPUYHBIX CYNEepaJIEeMEHTOB | onuuii (OpMHUPOBaHMS M y4eTa MaTPHUYHBIX
(Kpeiira-bemnrona) cynepanemenToB  (Kpeiira-bemnrona) s

ACTPA-CTALl u ACTPA-®OPM.
[TokazaTenbHBIM  BepUPUKAMOHHBIA TIPUMEP
(TecT) BKJIIOYEH B KOMIUIEKT ITOCTaBKH.

YrTounennslii pacguer MKD YrTounennslii pacuer MKD  geraneit

neraneit TpyoomnpoBogoB ACTPA- | TpyOompoBOaOB ACTPA-CTAQHO.

CTAJHO. PeanuzoBan Jis:

1) OpTOroHamBHBIX CBAPHBIX
mMpOUHUKOE B TIPOCTPAHCTBEHHOM
000J104€4HOMN TOCTAaHOBKE.

Peanu3zoBan n BepudupoBan ais:

1) opTOTOHANIEHBIX MPOlIHUKO0E (CBAPHBIX, C
HaKJaJKaMHl ¥ [ITaMIIOBAHHBIX C TSIHYTOH
TOPJIOBHHOI) B TPEXMEPHOU u
MIPOCTPaHCTBEHHO-000JI0UEHHON TOCTAaHOBKAX;

2) omeodoé (TMOOB, KOICH) C YyYETOM
NIPUCOEUHEHHBIX MIPSAMBIX TpYO,
OJUIMOTUYHOCTH W PA3HOCTCHHOCTU CCUCHUSA B
MIPOCTPaHCTBEHHOM 000JIOUEYHOMN TOCTAHOBKE;

3) JIMH30BBIX u CHIIb()OHHBIX
KOMNneHcamopoe ¢ Y4eTOM IPHUCOEANHEHHBIX
TIPSIMBIX TpyO B MIPOCTPAHCTBEHHOM
000JI09€YHON ITOCTAHOBKE;

4) nepexodoé KOHMYECKHX C yYETOM
MIPUCOETNHEHHBIX MPSMBIX TpyO B
MIPOCTPAHCTBEHHON 000JI0UEIHON TTOCTAHOBKE.
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VYrouneHnuwsii pacuer MKD Yrounenusnii  pacuer MKD  nmeraneii
neraneit TpybomnpoBomgoB ACTPA- | tpybonpoBonoB ACTPA-CTA/IHO. BxnroueHa
CTATHO. Pemenns CJIAY | mononmHWUTENbHAsT  BO3MOXHOCTD  peuieHus
“TpaAULIHOHHBIM” npsameiM | CVIAY umepayuoHHvIM Memooom
MeToAoM HcKimoueHus “T'ayccoBa” | conpsaatcenHbIx 2paouenmoe c
tuna (kak B ACTPA-CTAL). npedoodycnasnueanuem, 4UYTO  CYIIECTBEHHO

YCKOpsIET pacueT i TpexMepHbix KO-Monaeneit
(TOJICTOCTEHHBIX Jetaieit) OoubIIoi
pa3sMEepHOCTH.

3aganme M OTOOpaskeHue Bxiiouenne B 4WMCIO  3aJaBaeMbIX U
Jetayneil TpyOONpoOBOIOB: npsmbie | OTOOpaXKaeMbIX (BH3YAJIM3UPYEMBIX) HOBBIX
mpybbl, 0meoovl (2ubvl, Kojena), | neraneii:  nepexodvl, Oonviwiku (OHuUWA,
MpOUHUKU, “apmamypa’”, TuH306ble | KPbIWKU),  KOCble  CHBIKW,  “JicecmKue
(cunvponnuie) KOMREHCamopbl, | 31emenmol’”.

Gnanyvl, ompesku HeKonbLYE8020

CeYeHUA

He peanuzoBano

Omnmus pacuera (O6wue OanHsie) C yIETOM
pacriopa B JuH306bIX KoMneHcamopax (OT
JTABJICHUS)

He peanuzoBano

Omnuus pacuera (O6wue danuvie) ¢ yIETOM
OCEBBIX CHJI, BO3HHKAIOIIUX OT JAaBJCHUSI B
0me00ax, MpoUHUKAax, nepexooax, Ce4yeHusx ¢
OMAUHATOWUMUCS ZHAYEHUAMU, KOCBIX CTBIKAX,
OOHBIUUKAX.

He peanuzoBano

IIpn mnoBTOpHBIX pacueTax COOCTBEHHBIX
gacToT U hopm konebaunii (4CTPA-DPOPM) c
W3MEHEHHBIMH  [apaMeTpaMH  BHOBb  HE
(OPMHPYIOTCSI MaTPUIIBI MOAATIMBOCTH M Macc
cHCTeMBbl (MCIOJIB3YIOTCS ONpPEIeICHHbBIE IPU
“mepBoM” pacdere), YTO JaeT CYIIECTBCHHYIO
9KOHOMHIO MAaIIUHHOTO BPEMCHHA JJIA
OoJIpITIepa3MEepHBIX 3a7ad.

IIPE-ACTPA: HaYaJIbHYIO
SJUIMNTHYHOCTh ~ MOXKHO  3aJaTh
OTBOJIOB (rudos) KaXJ/10T0

y4acTKa-CymepaIeMeHTa

IIPE-ACTPA: nnuarHocTHKa HECOOCHOCTH
OTPE3KOB CMEXHBIX YYaCTKOB, 33JaHHBIX Kak
KOpILyC (MarucTpas) TPOMHUKOBOI'O
COETMHEHUS

He peanuzoBano

IIPE-ACTPA: HavanbpHYIO 3JUIMITHYHOCTD
MOJKHO 33J1aTh JIJIsl KAXKJIOr0 0TBOJIa (ruba)

He peanuzoBano

IIOCT-ACTPA: CBO/THbIE-BBIOOPOYHBIC
TaOJIMIBl PE3YJIbTaTOB JOMOJHEHBl ITYHKTOM
“I"'epmernyHOCTb (hinaH1EeB”
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ACTPA-HOBA’2007 (20.04.2008)

ACTPA-HOBA’2009 (29.01.2009)

IIPE-ACTPA.

IIPE-ACTPA. YiydiieHa HaBUTALUs II0
MOJIETIM, B YacTHOCTH, BHATHOE BBIZCIICHHUE
3JIEMEHTa, yyacTKa M TpyIN ydacTkoB Ha 3D
MOJIETIH

IIPE-ACTPA. IIPE-ACTPA. “Tabmuma reoMeTpuun”
TPaJMIMOHHOTO BBOJIA peajM30BaHa B CTHUIIE
COBpPEMEHHOro  HHTepdelica  (mobaBieHBI
KHOIIKH JIeTajIed, peJaKTUPOBaHUs ¥ Jp.)
ITPE-ACTPA. UmnopT Mojenei IIPE-ACTPA. JlonoyiHUTENTEHO —
TpyOOIIPOBOAHBIX cHcTeM B | BOBMOXXHOCTh OTKPBITHS/TIOAKITIOYEHHS
(dopmMaTax pacUeTHBIX NpPOrpaMM | Mojeseit o0opynoBaHUs (ammaparos,
CTAPT, CAESAR Il u CAIIP | cocynoB, KkoioHH) B (opmare H3BECTHOH
CADWorx Plant, AutoCAD poccuiickoit cucrembr PVP-design  (.ppv-
(haiier).

IIPE-ACTPA. 3ananne IOJHOTO
Beca KOMIIEHCATOpa U [Iepexo/a.

IIPE-ACTPA. B03MOXHOCTh pPa3IeIbHOTO
3aJaHusl  Beca MaTepuaia, M30JALUA U
MPOJIYKTA JUIsl IEPEeX0/ia M KOMIIEHCATOpa.

IIPE-ACTPA.

IIPE-ACTPA. “T'apmonmsupoBan” Habop
napamMeTpOB " y4ueT nepexo0os
KOHYEHMPUYECKUX U C IKCYECHMPUCUMEMOM.
B/l JIOIIOJIHEHA nepexoaamMu
MITAMIIOBAHHBIMH, JUCTOBLIMH, TOYEHLIMU U
oecwmosubiMu 110 OCT 24...34....

IIPE-ACTPA.

IIPE-ACTPA. B TPaJuLIIOHHO
“nymaHoBoM”  TOpSAAKE TIOMOJIHEHBI — 0asbl
nmaanbelx (B/I): TpyO, OTBOIOB, TpPOWHHKOB,
apMaTypsbl, KOMIIEHCATOPOB, OTIOP.

Juis  Bcex  BHIOB  pacueTa
peanr30BaHbl MPYXKHUHBI COPTAMEHTA
MBH, OCT, “crenIry>KuHb”,
nonb3oBarens. b/l npyxun MBH,
OCT, “cneniry>xun’.

JlomoaHUTENMbHO — JJII  BCEX BHJOB
pacdera peajM30BaHbl TAKXKE MPYKUHBI
“mocTossHHOTO ycwimus” (A7 ITUHAMHYECKHUX
pacyeToB MPUHUMACTCS KECTKOCThb MHPYIKHH,
COOTBETCTBYIOMAs pabouemy cocTosHuio). b/]
JIOTIOJIHEHA TPYXXKMHAMK M3 Kartanora (GUpMbl
LISEGA.

Pacuer BBICOKOTEMIIEpATYPHBIX
TpyOOIpOBOZOB 6e3 yuera
TPEHHS/OTpHIBA B ONIOPaX

Jns orpacneBbix BerBet AIC, TIC n
HEDTEXUM peanu3oBaHbl
anropuTMbl/onuun  cratndeckoro (ACTPA-
CTALl) n munamuueckux (ACTPA-POPM,
CEHCM,

BUEP, JIHH) pacueTos
BBICOKOTEMIIEPATYypPHBIX TPYOONPOBOJOB C
YUETOM TPEHHsI/OTpBIBA B OIIopax,
Mocksa, 2021 87
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ACTPA-HOBA’2007 (20.04.2008)

ACTPA-HOBA’2009 (29.01.2009)

“3aMMCTBOBaHHBIE” us3 aHAJIOTUYHBIX
AITOPUTMOB  JUISl  HU3KOTEMIIEPATYPHBIX
TpyOOIPOBOIOB

Junamuueckue pacdeTsl
NOA3EMHBIX  TPYOOIPOBOJIOB  HE
IPEIyCMOTPEHBL.

Iporpamvsr ACTPA-®OPM, CEHCM,
BUEP, /[HH 1103BOJISAIOT BHIOJIHATH MOJTHBINA
UK JTIUHAMUYECKUX (coOcTBEHHBIE
9acTOThI/(POPMBI, ceficMu4ecKue,
BUOpaLlMOHHbBIE, JHHAMHYECKHE) pacyeToB
TpyOOIIPOBOZOB, COJEp)KAIINX MOJ3EMHBIE
y4acTkd. Peann3oBana MH)KEHEpHAst METOIUKA
y4eTa/KOppEeKIUH  JKECTKOCTH  (PUKTHBHBIX
OMOp, MOJEIHPYIOIUINX B3aUMOJEUCTBUE C
TPYHTOM.

Bxmouenne BO3MOKHOCTEH
(dhopMHUpOBaHUSA U yUeTa MATPHIHBIX
CYIIEP3JIEMEHTOB (Kpetira-
bemnTona)

1. Bepuduxanms, MOJHOLIEHHOE
MOJKIIIOYEHHE W YCOBEpIIEHCTBOBAHHBIN
I10JIb30BATEIbCKUI uHTEpdeEiic onuit
¢opmupoBaHMST M ydeTa  MAaTPUYHBIX
cynepanementoB (Kpeiira-bemnrona).

2. daiinpl ¢ MaTpUIIAMHU CYTIEP3JIEMEHTOB
BKIIIOYeHBI B anp-npoexkt TC. Bo3aMoxxHOCTH
MPOCMOTPa MATPHIL.

3. Tloka3zarenpHblii BepUPHUKAMOHHBINA
npumep  (TeCT) BKIIOYEH B KOMIUICKT
MOCTaBKU.

VYrTounennelii  pacuer MKD
neraneir TpyOorpoBomos ACTPA-
CTATHO. PeanmmsoBan TUTS
TOPIIEBBIX Harpys3ox,
COOTBETCTBYIOIINX sTanam
cratngeckoro pacueta (CTALL)

VYT1ounenHsli pacuer MKD  neraneit
Tpy6omnpoBogoB ACTPA-CTAIHO.

1. PeannzoBaH U1 TOPIEBBIX HATPY30K,
COOTBETCTBYIOIIMX  3TalmaM  CTaTHYECKOTO
pacuera (CTAIL]) u celicMUYECKOro pacyeTa
(CEHCM, CHEKTPBI oTBeTa u
aKceneporpaMMBl).

2. Bo3MoxxHOCTB BU3YyaJIU3aI1H
HarnpspKeHUH Ha 1eopMUPOBAHHOM MOZEIIH.

3. Busyanuzanus CeMCMHYECKUX
HnepeMeIeHnH U HaIpsHKEHUH,
COOTBETCTBYIOIINX KaXIOW yYUTHIBAEMOU
coOcTBeHHOW (opMe KosebaHUi P pacyeTe
Ha CIEKTPHI OTBETA.

4. ®opMHpOBaHHE BHIEOPOJHKA (avi-
tdatim) mms HAC ot ceilicMoBO3IeiCTBUS,
33JAHHOTO aKCEJIEPOrPaMMOi.
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ACTPA-HOBA’2007 (20.04.2008)

ACTPA-HOBA’2009 (29.01.2009)

5. Kpatku#i otder (Tabnmia) mo OIeHKe
CTATHYECKOM, MUKINYECKON M CEHCMHYCCKON
npounoctu (ITHAD I'-7-002-86).

6. OTnenpHBIN IOMHOLEHHBIN JOKYMEHT
“ACTPA-CTAJJNO. Ceanc paboThl”, BXOIUT

B KOMIUIGKT TIOCTaBKH  MOJAbKO IS

nonb3oBareneid ACTPA-CTAJINO.
Komnnexm nocmaexu. B Komnnexm nocmaexu. HaGop
KOMIUIEKT BXOJUT OO0sA3aTENbHBIA | “00S3aTeIbHBIX” TECTOBLIX 3aJay IIOIOIHEH,

Ha0Op TMPEACTaBUTENBHBIX TECTOB
(TEST1, TEST2, TEST3, TEST4),
HaCTPOECHHBIX Ha BCE
MIPUOOpPETEHHBIE OTPACIIEBBIC BETBH
K.

B TOM YHCIE, MOJCIBHONH TPyOOIpPOBOIHOM
CHCTEMOM cpelHell pa3MEepHOCTH, HO CO
BCEMHU  BO3MOXHBIMH  JJIEMEHTaMH |
XapaKTePHbIMU MpPUEMaMH  MOJCIUPOBAHUS
TC. Tlo >xemanmio (3aka3y) IIOJIB30BATEIIO
MPEI0CTABIISIOTCS TaKKe TECTBI Ha
BBICOKOTEMIIEpaTypHbIe u MO/I3EMHBIE
TpyOONPOBOBI, MAaTPHUUHBIE CYNEPITEMEHTHI
u yrouneHHbld MK3-anamu3 neraneit TC

Mocksa, 2021
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IIpunoxenne 7. PykoBoacTBO NporpaMmMucTa

I 7.1 Onucanue popmara oomena nanusivu ¢ CAITP

11 7.1.1 O6une moao:KeHust

Pacmmpenne daiina *.aef

BHUMAHUME! B ¢aiin OymyT BHOCHUTBCA HW3MEHEHHS W JIOTIOJHEHHS.
HOCJHEAHAA MOANDOUKALIMA ®OPMATA: 201511

daiin oomena nanHeiMu ¢ CAIIP mpencranser co0oil TekcToBbIN (haiin,
COCTOSIIIUN U3 CEKIHH.

Kaxnplit s1eMeHT KOHCTPYKIMH TpyOONpOBOJAA COINEPXKUTCS B OTAEIBHOU
cekiuy. ITopsiok cnenoBaHus CEKIUH HE BaXKeH.

Omnuncanne KaXmOW CEKIMM HAa4YMHAETCsl ¢ 3aroyioBka. llocne 3aroioBka
ciretyeT HHGOPMAIHS O TTapaMeTpax dJIEeMeHTa.

Kaxnplii HOBBI mapaMeTp pacrosiaraeTcsi B OTIAeNbHOM cTpoke. I[lopsook
CIIEZIOBAaHUsI IIapaMeTpoB HE BakeH. Ecnm mapamerp NpomylleH, €ro 3HadeHHe
TIPUHUMAETCS 110 YMOTYAHHIO.

[3AT'OJIOBOK_1]
Hazpanue mapamerpa |=3Hauenue mapamerpa 1l
Hazpanue mapamerpa 2=3HaueHue mapamerpa 2

Hazpanue mapamerpa NI=3Hauenue mapamerpa N1
[3ATOJIOBOK 2]

Haspanue mapamerpa 1=3Hauenue mapamerpa 1
Haspanue mapamerpa 2=3HaueHue mapamerpa 2

Haspanme mapamerpa N2=3HaueHme mapamerpa N2

[3ATOJIOBOK_N]

Il 7.1.2 [dauuble Qs BceX 3J1eMeHTOB (NmpsiMble TPYObI, OTBOABI-THOBI,
apMaTypa, KOMIEHCATOPHI, HEKOJIbLEBbIE CEYEHHS, TIEPEXO/IbI)

OHu 100aBISIIOTCSI B COOTBETCTBYIONUIYIO CEKITHIO

TM=BemecTBeHHOE YHUCIO Temneparypa MoHTaxa, rpag C
TX=BeuecTBeHHOE YHCIIO XonoaHas Temmeparypa, rpag C
TP=BemecTBeHHO€ YUCIO Pabouast remneparypa, rpag C
MAT='Ha3Banue marepuana’ Haspanue marepuana
NMAT=Ilenoe yucio Howmep marepuana B BJ]
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P=BemecTBeHHOE YHCIIO

Pabouee naBnenue, Mlla

GAP=BeiiecTBEHHOE YHUCIIO

Honyckaemas ammutyaa HanpsbkeHuid, MlIla

NC=Llenoe uuncio

Yucio nukiioB Harpyxenust PTM 38.001-94

ITH=Ilenoe ancmno

Homep TemneparypHoil uctopuu

H ISO=BemecTtBennoe 4nciio

TonmuHa U30JIAIHH, MM

TYPE ISO=Ilenoe gucno

Tun uzonsuuu

0 — mer

1 - TIIY+ID

2 — nonxuMepOeToH
3 — apMonieHOOeTOH
4 — OUTYMIIEPINUT

5 — OuTymMKepaM3uT

FIU=BemecTBeHHOE YHCIIO

KoaddurmeHT mpoyHOCTH MOMEPEYHOr0 CBAPHOTO
CTBIKA

FI=BemiecTBeHHOE YHCIIO

Koa¢punmeHt mpodyHOCTH MPOIOIBHOTO CBApPHOTO
CTBIKa

M MAG=BemecTBeHHOE YHCIIO

Koaddumment padbotsr TpybonpoBona (Tabmmma 1)
gt CHull 2.05.06-85

_ Koapdummenr HamexHOCTH MO  MaTepHaly
KI_MAG=Bemectsennoe aneno | 50000 9Y g CHull 2.05.06-85
Koapdummenr HamexHOCTH MO  MaTepHay

K2 MAG=BemiecTBeHHOE YHCIIO

(tabmmna 10) mst CHull 2.05.06-85

KN MAG=BemecTBeHHOE YUCIIO

KoaddrmmenT mo HazHadueHUIO TPyOOIIpOBOIA
(tabauua 11) nys CHull 2.05.06-85

N_MAG=BeniecTBeHHOE YHCIO

KoadduimeHT Haae)KHOCTH M0 HAarpy3Ke (Tadauia
13) anst CHull 2.05.06-85

DGIDR=BeriectBeHHOE YHCIIO

Pa3HOCTh MeX/ly yJeJbHBIMU BecaMu cpefl, T/M™3

PGIDR=BertiecTBeHHOE YHCIIO

JlaByienue npu ucneiTanuu, Mlla

TGIDR=BemiecTBeHHOE YHCIIO

Temmneparypa ucneitanu, rpag C

PD1=BemectBeHnoe 4ncio

BennunHa gaBienust i 1-ro 10NOTHUTEIBHOTO
pexxuma, Mlla

PD2=BemectBeHH0E YHUCIO

Benmuuna naBneHus 1uig 2-T0 TOTOIHUTEIEHOTO
pexuma, MIla

PD3=BemecTBeHnoe 4ucio

Bennuuna naneHus 1uig 3-ro AOMONTHUTEIHLHOTO
pexuma, MIla

Temmeparypa a1 1-to OITOJIHUTEJIEHOTO
TDI1=BelecTBeHHOE YHCIIO paTyp A A

pexxumMa, rpag C

Temneparypa a9 2-TO OIIOJTHUTEILHOIO
TD2=BemecTBeHHOE YHCIIO patyp A A

pexxumMa, rpag C

Temneparypa ans  3-r0  JOHOJHUTEIHLHOTO

TD3=BemiecTBeHHOE YHCIIO

pexxumMa, rpag C

Mocksa, 2021
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I 7.1.3 Cekuus “Ilpsamas Tpy6a” [PIPE]

X1=BelecTBEHHOE YUCIIO

Koopannata X Hauama orpeska npsmoit TpyOsr (0 —
10 YMOJTYaHHIO), MM

Y 1=BeliecTBeHHOE YUCIIO

KoopaunaTa Y Hauana orpeska npssmoit TpyOsr (0 —
10 YMOJTYaHHIO), MM

Z1=BeriecTBeHHOE YHCIIO

Koopaunata Z Hadana otpeska mpsmoit Tpyost (0 —
10 YMOJTYaHHIO), MM

X2=BelecTBEHHOE YUCIIO

KoopauaaTta X koHIIa oTpeska npsmoit Tpyost (0 —
10 YMOJTYaHHIO), MM

Y2=BelecTBEHHOE YUCIIO

KoopauaaTta Y koHIa oTpe3ka npsimoii TpyOst (0 —
10 YMOITYAHHUIO), MM

Z2=BerliecTBeHHOE YHCIIO

KoopaunaTa Z koHIIa oTpe3ka npsamoit Tpyos! (0 —
10 YMOJTYaHHIO), MM

DH=BemecTBeHHOE YNCIIO

Hapy:xHb1ii auameTp TpyOBI, MM

S=BeriecTBeHHOE YHCIIO

TonumHa cTeHKH TPYyObl, MM

C1=BermiecTBeHHOE YHCIIO

Homyck Ha yroHeHHMe cTeHKH TpyOsl (0 — mo
YMOJTYaHHUIO), MM

Q TR=BemecTBeHHOE YHCIIO

[Torousnslii Bec Marepuana TpyOs:, kKH /m

Q PR=BemecTBeHHOE YHCIIO

[Toronsslii Bec npoaykra, KH /M

Q ISO=BermecTBeHHOE YHCIIO

ITorounslit Bec u3onsaiuu, , KH /M

II 7.1.4 Cexkuus “Otsoa” [ELBOW)]

X1=BelleCTBEHHOE THCI0 Koopmunata X mHauama orBoga (0 — mo
YMOJYAHHIO), MM

Y 1=BelieCTBeHHOE THCI0 Koopmunata Y mHauanma orBoga (0 — mo
YMOJYaHHIO), MM

Z1=BelecTBeHHOE THCI0 Koopnunata Z wnavama orBoga (0 — 1o
YMOJYAHHIO), MM

X2=BelleCTBEHHOE THCII0 Koopmmuata X xkonma otBoga (0 — 1o
YMOJIYaHHIO), MM
Koopmuuata Y xonma otBoga (0 — 1o

Y2=BelecTBEHHOE YHCIIO

YMOJIYaHHIO), MM

Koopaunata Z xonHma ortBoma (0 — 1o
Z2=BemiecTBEeHHOE YHCIIO YMOJTYaHHIO), MM

Koopnunata X cepeaunst otBoga (0 — mo
X3=BemecTBeHHOE YHCIIO0 P et na (

YMOJIYaHHIO), MM

Koopnunata Y cepeaunst otBoga (0 — 1o

Y 3=BeliiecTBEHHOE YHCIIO

YMOJIYaHHIO), MM
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Z3=BermiecTBeHHOE YHCIIO

Koopaunata Z cepenmnbl orBoja (0 — mo
YMOJYaHUIO), MM

R=BemecrBeHHOE UncIiIO

Panuyc otBOsIa, MM

DH=BemecTBeHHOE YHCIIO

HapyxHb1ii quaMeTp TpyOBI, MM

S=BemecTBeHHOE YHCIIO

TonumHa cTeHKH TPyObl, MM

C1=BeliiecTBEHHOE YHUCIIO

Jomyck Ha yToHeHWe cTeHKH TpyObnl (0 — mo
YMOJYaHUIO), MM

Q TR=BemecTBeHHOE YHCIIO

[oronHsIii Bec MaTepuana TpyOsl, KH /M

Q PR=BemniecTBeHHOE YHCIIO

[oroHHsI Bec mpoaykTa, KH /M

Q ISO=BemecTBeHHOE YUCIIO

ITorounsli Bec u3omnsauu, , KH /M

I 7.1.5 Cexuus “Tpoiinux” [TEE]

X 1=BeleCTBEHHOE THCII0 Koopnunara X wawyana maructpamu (0 — mo
YMOJTYAHHIO), MM

Y 1=BeleCcTBeHHOE THCII0 Koopnunaara Y wawana maructpamu (0 — mo
YMOJTYAHHIO), MM

Z1=BelecTBeHHOE THCI0 Koopnunata Z nauana maructpanu (0 — 1o
YMOJIYaHHIO), MM

X2=BelleCTBEHHOE THCIO Koopaunata X konna marucrpamu (0 — mo
YMOJIYAHHIO), MM

Y2=BeleCTBeHHOE THCIO Koopaunata Y konna marucrpamu (0 — mo
YMOJIYaHHIO), MM
Koopaunara Z konua maructpanu (0 — 1o

Z2=BerecTBeHHOE YHCIIO

YMOJIYAHHIO), MM

X3=BemiecTBEHHOE YUCIIO

KOOpZ[I/IHaTa X Havana mTynepa — TOYKa
MepeceUCHUsl OCCBBIX JIMHUN MarucTpain n

mrynepa(0 — 1o yMoJI4aHuio), MM

Y 3=BelmecTBeHHOE THCIO Koopaunnata Y nawama mrynepa (0 — mo
YMOJUYaHHIO), MM

Z3=BeliecTBeHHOE YHCIO Koopaunata Z wnauvama mrynepa (0 — mo
YMOJUYaHHIO), MM

X4=BellecTBeHHOE YHCIO Koopannata X xonma mrymepa (0 — mo
YMOJYaHHIO), MM

Y4=BelwecTBeHHOE YHCIO Koopaunata Y xonma mrymepa (0 — mo
YMOJYaHHIO), MM
Koopaunata Z konma mrymepa (0 — mo

Z4=BerecTBEeHHOE YNCII0

YMOJYaHHIO), MM

WEIGHT=BerecTBenHoe 4uciio

Bec tpoiinuka, kH

DH=BemuiecTBeHHOE YHCIIO

Hapy»xHblii iuamMeTp TpyObl MarucTpaim, MM

S=BemecTBeHHOE YHUCIIO

TonumHa cTeHKH TpyObl MarucTpaiy, MM

DHS=BewecTBeHHOE YUCIIO

HapyxHbiii iuameTp TpyOBI 1ITYLIEpa, MM

Mocksa, 2021
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| SS=BerecTBeHHOE YNCIIO

| Tomuuna crenku TpyOHI ITYLEPE, MM

I17.1.6 Cexuust “Apmarypa” [ARMATURE]

X1=BemecTBeHHOE YHCIIO

Koopaunata X nauama apmarypsr (0 — mo
YMOJYAHHIO), MM

Y 1=BemecTBEHHOE YHCIIO

Koopaunata Y mauama apmarypsr (0 — mo
YMOJYAHHIO), MM

Z 1=BeniecTBEHHOE YHUCIIO

Koopaunata Z nagama apmatypsl (0 — mo
YMOJYAHHIO), MM

X2=BelecTBEHHOE YHCIIO

Koopauuata X konma apmarypsr (0 — mo

YMOJYAHHIO), MM

Y2=BelecTBEHHOE YUCIIO

Koopaunata Y konma apmaryper (0 — mo
YMOJYaHUIO), MM

Z2=BeIecTBEHHOE YHUCIIO

Koopnunata Z konua apmarypst (0 — mo

YMOJYaHUIO), MM

WEIGHT=BemecTBeHHOC UHCIO

Bec apmartypsl, kH

DH=BemecTBeHHOE YHCIIO

HapyxHbIif 1uaMeTp MPHUCTHIKOBBIBAEMbIX
TpyO, MM

I 7.1.7 Cexuus “HexoanueBoe ceuenne” [NKOLC]

X1=BelecTBEHHOE YUCIIO

KoopauaaTa X Havana (0 — o yMOJYaHHIO), MM

Y 1=BelecTBEHHOE YUCIIO

KoopmauaaTa Y Havana (0 — o yMOJYaHHIO), MM

Z1=BemecTBeHHOE YHCIIO

Koopaunata Z Havana (0 — 1o yMOJYaHUIO),MM

X2=BeliiecTBEHHOE YHCIIO

Koopaunata X xoHna (0 — no yMoJI4aHuI0), MM

Y2=BelecTBEHHOE YHCIIO

Koopaunata Y xonna (0 — mo yMoJI4aHuI0), MM

Z2=BemiecTBeHHOE YHCIIO

Koopaunata Z xonna (0 — 1o yMOJI9aHHUIO), MM

AF=BemectBeHnoe 4ncio

IInomane ceueHus, M

AJX=BemmecTBeHHOE YHCIIO

MoMeHT BOKpyT ocH X, M’

AJY=BemecTBenHoe 4mciio

MOoMEHT BOKPYT OCH Y, M

AJP=BemiecTBeHHOE YHCIIO

[TonsipHBI MOMEHT, M

AKX=BemectBeHH0€e 4nCIIO

Koadhdunuent capura Baoas ocu X

AKY=Bemectsennoe 4mciio

Koadhdunuent cnapura Baoas ocu Y
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I 7.1.8 Cexuusn “Komnencarop” [COMPENSE]

X1=BelecTBEHHOE YUCIIO

KoopmnaaTa X Havana (0 — mo yMOJI9aHHIO), MM

Y 1=BeliecTBEHHOE YUCIIO

KoopmiaaTa Y Havana (0 — mo yMO9aHHIO), MM

Z1=BeriecTBeHHOE YHCIIO

KoopmiaaTa Z Hagana (0 — Mo yMOJTYaHHUIO), MM

X2=BelliecTBEHHOE YUCIIO

Koopanaara X korna (0 — mo yMoJI4aHHIO), MM

Y2=BelecTBEHHOE YHCIIO

Koopaunata Y xonua (0 — mo yMoJI4aHHIO), MM

Z2=BerecTBeHHOE YNCII0

Koopaunata Z xonna (0 — 1o yMOJI9aHHUIO), MM

K COM=lIlenoe yucmo

Tun komneHcaTopa

0 — xak npexx e (0e3 pacyera HaNPsHKEHHUN )
1 — oceBoit

2 — yrioBo#

3 — cABUTOBOM 0€3 MPOMEKYTOYHOM BCTABKU
4 — cABUTOBOI ¢ MPOMEKYTOYHON BCTaBKOH

EI=BemecTBeHHoe 4nCIO

Benuunna )eCcTKOCTH Ha U3ruo, KH*m

GI=BemiecTBeHHOE YUCIIO

BennunHa xecTkocTH Ha KpyueHue, KH*m

EF=BeiiecTBeHHOE YHCIIO

BennunHa xecTKoCTH Ha pactshkenue, KH/m"2

GF=BemmecTBeHnoe 4ucio

Benuunna »xecTKOCTH Ha capur, KH/M”"2

DA COM=BeniecTBeHHOE YHCIIO

Hapy>xHblii qraMeTp THOKOro 3JIEMEHTa, MM

D COM=BemniecTBeHHOE YHCIO

BHyTpeHHu# 1ruaMeTp riOKOro 3JeMeHTa, MM

S COM=BemecTBeHHOE YUCIIO

HomwuHanbHas TosmmHa THOKOro 3JIEMEHTa, MM

Q COM=BemuiecTBeHHOE YUCIIO

lar (mmpuna) rodppos, MM

N COM-=llenoe uncio

Konuyectso rodpos

I 7.1.9 Cexuus “ITepexon” [REDUCER]

X1=BemiecTBEHHOE YUCIIO

KoopannaTa X mavana (0 — mo yMOJIYaHUIO), MM

Y 1=BemecTBeHHOE YUCIIO

KoopannaTa Y mayana (0 — mo yMOJ9aHHIO), MM

Z1=BermiecTBeHHOE YHCIIO

Koopanaata Z navana (0 — mo yMOJI9aHHIO), MM

X2=BelliecTBEHHOE YUCIIO

KoopanaaTa X korna (0 — mo yMoJI4aHHIO), MM

Y2=BelecTBEHHOE YHCIIO

Koopannara Y konua (0 — mo yMosi4aHuIo), MM

Z2=BeriecTBEHHOE YNCII0

Koopaunata Z xonna (0 — mo yMoJI4aHuio), MM

D1=BeiecTBeHHOE YUCIIO

Hapy>xHblii fuameTp Hayana, MM

D2=BelecTBEHHOE YHUCIIO

HapyxHblil 1uamMeTp KOHLIA, MM

S=BemecTBeHHOE YHUCIIO

Tonmuua CTEHKH, MM

_ OIyCK Ha YyTOHeHHe cTeHkH Tpyosl (0 — 1o
Cl1=BemmecTBeHHOE YHCIIO A
B YMOJTYaHHIO), MM
WEIGHT=BeuectsenHoe
& Bec nepexona, kH
YHCIIO0
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I17.1.10 Cexkuus “Hecrannapruas onopa” [OPOR_COMMON]

X1=BelecTBEHHOE YHCIIO

Koopannata X (0 — mo yMoJI4aHHI0), MM

Y 1=BemiecTBeHHOE YHCIIO

Koopaunara Y (0 — mo yMoJI4aHHI0), MM

Z 1=BeriecTBEeHHOE YUCIIO

KoopmauaaTa Z (0 — mo yMOJI9aHHUIO), MM

XS1=BemecTBeHHOE YHUCIIO

XKectkocTs B0 ocu X, KH/M

XS2=BemiecTBeHHOE YHUCIIO

XKectkocTs B0 ocu Y, KH/M

XS3=BemecTBeHHOE YHUCIIO

JKectkocTs BHOJIB ocu Z, KH/M

AS1=BemecTBeHHOE YHUCIIO

XKecrkocts Bokpyr ocu X, kKH*M

AS2=BemiecTBeHHOE YHUCIIO

XKecrkocts Bokpyr ocu Y, kKH*M

AS3=BemecTBeHHOE YHUCIIO

XKecrkocts Bokpyr ocu Z, kKH*m

UNO1=BelwiecTBEHHOE YHUCIIO

CoOCTBEeHHbIC JIMHEWHBIE IEPEMEIeHUs 110
ocu X, MM

UNO2=BelecTBEHHOE YUCIIO

CoOCTBeHHbIC JIMHEWHBIE TEPEMEIeHUs 110
ocu Y, MM

UNO3=BemecTBeHHOE YHUCIIO

CoOcCTBEeHHbIC JIMHEWHBIE IEPEMEIeHUs 110
ocu Z, MM

KTR1=BemecTBeHHO€E YHCIIO

Kooad-T Tpenus B1ombs ocu TpyOEI

KTR2=BemecTBeHHO€E 4nCIIO

Koa¢-1 Tpenus nmonepek ocu TpyOsl

KXS3=Ilenoe uncio

0 — nBycTopoHHsisl, | — OJHOCTOPOHHSIS OTIopa
(o BepTHKaAIIN)

KF=Llenoe uuncmno

0 - rmo6ansuas CK, 1 — mokansnas CK

ANGLE=BerecTBeHHOE YUCIIO

Yroa noBopora MCK, rpag

DESCRIPTION=CumBoinbHas
CTpOKa

Omnucanue onopsl

I17.1.11 Cexuns “MepTtBasi onopa” [OPOR_DEAD]

X1=BemiecTBeHHOE YHUCIIO

Koopannara X (0 — mo yMoJI4aHuio), MM

Y 1=BemiecTBeHHOE YHUCIIO

Koopaunata Y (0 — mo ymMoI4aHuio), MM

Z1=BeriecTBeHHOE YHCIIO

Koopaunata Z (0 — mo yMOJI9aHHIO), MM

UNO1=BeniecTBEHHOE YUCIIO

JIuHeHbIe epeMeleHus 1o ocu X, MM

UNO2=BemiecTBEHHOE YHCIIO

CoOCTBeHHbBIE JTMHEHHBIE TEepEeMEIICHHs 10
ocu Y, MM

UNO3=BemiecTBeHHOE YUCIIO

CoOCTBEHHBIE JIMHEWHBIE MEPEMELCHUS 110
ocu Z, MM

UNNI1=BemiecTBeHHOE YHCIIO

CoOCTBEHHbIE  YIJIOBBIE  IE€PEMELICHUS
BOKpYT ocH X, rpaj

UNN2=BemecTBeHHOE YHCIIO

CoOCTBEHHbIE  YIJIOBBIE  IIE€PEMELICHUS
BOKpYT ocH Y, rpaj
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UNN3=BemiecTBeHHOE YHCIIO

CoOCTBeHHBIE  YTJIOBEIE  IIEPEMELICHUS
BOKPYT OCH Z, Tpaj

DESCRIPTION=CumMBoJibHasi CTPOKa

Onrcanue onopsl

I 7.1.12 Cexuus “Henoasuzuas omopa” [OPOR_STILL]

X1=BelecTBEHHOE YUCIIO

KoopmuaaTa X (0 — mo ymMOT9aHHI0), MM

Y 1=BeliecTBEHHOE YUCIIO

KoopmuaaTa Y (0 — Mo yMOT9aHHIO), MM

Z1=BermiecTBeHHOE YHCIIO

KoopauraTa Z (0 — M0 yMOIJIYaHHUIO), MM

UNO1=BemecTBeHHOE YHCIIO

CoOcTBeHHbBIC IMHEHHBIC MEPEMEIICHUs 0
ocu X, MM

UNO2=BermiecTBeHHOE YHCIIO

CoOcTBeHHBIC JIMHEHHBIC MEPEMEIICHUs 10
ocH Y, MM

UNO3=BermiecTBeHHOE YHCIIO

CoOcTBeHHbIE JTMHEHHBIE MEPEeMEIIeHUs 1o
ocH Z, MM

DESCRIPTION=CumBoiibHasi CTpOKa

Omnmcanue onopsl

I 7.1.13 Cexkums “Croan3sinias onopa” [OPOR_SLIDE]

X1=BemiecTBEHHOE YUCIIO

KoopmuaaTa X (0 — mo yMOT9aHHI0), MM

Y 1=BelecTBEHHOE YUCIIO

KoopamnaaTa Y (0 — mo yMoJI9aHHMIO), MM

Z1=BermiecTBeHHOE YHCIIO

KoopamnaaTa Z (0 — mo yMoI4aHHUIO), MM

UNO1=BemecTBeHHOE YHCIIO

CoOCTBCHHBIC JIMHCHHBIC MEPEMCICHUS
o ocu X, MM

UNO2=BeriecTBEHHOE YHCIIO

CoOcTBeHHbBIE JTHHEHHBIE MepeMeIIeHHS
no ocu Y, MM

UNO3=BermecTBEHHOE YHCIIO

CoOcTBeHHbBIE JTHHEHHBIE MepeMeICHHS
o ocu Z, MM

KTR1=BemiecrBennoe 4nciio

Koad-1 Tpenmst Bois ocu TpyOb!

KTR2=BemiecrBeHHOE 41CIIO

Koad-T Tpenmst momepex ocu TpyObl

DESCRIPTION=CumBoiibHasi CTpOKa

Omnmcanne onopsl

Mocksa, 2021
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IT 7.1.14 Cexkuus “Hanpasasiiomas onopa” [OPOR_COURSE]

X1=BeriecTBEHHOE YUCIIO

Koopamnata X (0 — Mo yMOIYaHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

Koopamaata Y (0 — mo yMOI9aHHIO), MM

Z 1=BeriecTBEeHHOE YUCIIO

Koopamnata Z (0 — mo ymMongaHuio), MM

UNO1=BemecTBeHHOE YUCIO

CoOcTBEHHBIE TUHEHHEIC NnepeMetICHrd M0 OCHU

X, MM

UNO2=BermiecTBeHHOE YHCIIO

CoOcTBeHHBIE THHEHHBIE TIEPEMEIICHUS TI0 OCH

Y, Mm

UNO3=BermiecTBeHHOE YHCIIO

CoOcTBeHHBIE THHEHHBIE TIEPEMEICHUS TI0 OCH

Z, MM

KTR1=BemecTBeHHoE 41CIIO

Koad-T Tpennst Boas ocu TpyObt

KTR2=BemecTBeHHOE YHCIIO

Koad-T Tpenns momepex ocu TpyObl

DESCRIPTION=CumMBoibHas
CTpOKa

Omnucanne onopsl

I 7.1.15 Cexkuns “IlpyxunHas noasecka” [PRUG]

X1=BemiecTBEeHHOE YUCIIO

Y 1=BemecTBeHHOE YUCIIO

Z1=BermiecTBeHHOE YHCIIO

UK=BemecTBeHHOE YHCIIO

JKecrxocTs nenu, kH/m

PU=BemecTBeHHOE YHCIIO

Pabouas Harpyska, kH

UN=Ilemoe guciao

KomnaecTBo Tar

UL=BemiecTBeHHOE YHCIIO

JlmHa IO IBECKH, MM

UNO3=BermecTBEHHOE YNCIIO

SORT=Ilenoe uncmno

Copramenr npyxus 0 — OCT,
1-MBH,

2 — “cennpy>XuHbI”,

3 — OCTOSIHHOTO YCHJIHS,

4 — nonp3oBarens

KNAGR=BemiecTBeHHOE YHUCIIO

Koaddunmenr 3anaca mo Harpyske

DNAGR=BemniecTBeHHOE YHUCIIO

V3meHeHne Harpy3KH Ha OPYKHHY

BETAL=BemecTBeHHOE YHCIIO

MaTepuala “CreInpyKHHbI IPH
paboueii Temneparype

BETAX=BewiecTBeHHOE YnCIIO

MaTepuaia “CrelpyXUHbI IPpH
XOJIOJTHOM TeMIIEpaType

TLT=BeliecTBEeHHOE YHUCIIO

rpan C

TLG=BelecTBeHHOE YUCIO

Temneparypa “criennpy>kuHbl’ IpU
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Koopaunara X (0 — mo ymMordanmuio), MM
KoopauaaTa Y (0 — mo yMOT9aH#io), MM
Koopannata Z (0 — mo yMOI4aHHUIO), MM

JluneiiHble nepeMenieHys o ocu Z, MM

KoadduumeHT THHEHHOTO paCIInpPEeHUs

Koaddunment nnHeliHOTO pacimpeHust

Pabouas temmiepaTypa “crennpyxuHbI",
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HCIBITaHuAX, Tpag C

GUOP=Bel1ecTBEHHOE YUCIIO

Mopaynsb ciBura Marepuaina
“crenrnpy>XuHsl” B pabod4eM COCTOSHUH,
MIla

GUOX=Bel1ecTBEHHOE YHUCIIO

Mopaynb caBura Marepuaina
“crenmnpy>XHHbI” B XOJIOJAHOM COCTOSTHHH,
Mlla

DESCRIPTION=CumBonsHas cTpoka

Omnucanne OIIOPBI

IT 7.1.16 Cexuus “Ilpy:;xkunnas onopa” [SPRING_SUPPORT]

X1=BemiecTBeHHOE YHUCIIO

KoopmuaaTa X (0 — mo yMOT4aHHIO), MM

Y 1=BemiecTBeHHOE YHUCIIO

KoopmuaaTa Y (0 — mo ymMoI4aH#Io), MM

Z1=BermiecTBeHHOE YHCIIO

KoopauraTa Z (0 — mo yMOJIYaHHUIO), MM

UK=BemecTBeHHOE YHCIIO

JKecrrxocts nenu, kH/m

PU=BemecTBeHHOE YHCIIO

Pabouast Harpy3ka, kH

UN=Ilenmoe guciao

KonmaecTBo Tar

UL=BemiecTBeHHOE YHCIIO

JmmHa noaBecku, MM

UNO1=BewiecTBEHHOE YUCIIO

JluHeliHble IepeMenieHns 1o ocu X, MM

UNO2=BelwiecTBEHHOE YUCIIO

JluHeliHbIe IepeMenIeHns 0 ocH Y, MM

UNO3=BermecTBEHHOE YHCIIO

JIuneiinble nepeMenienys o ocu Z, MM

SORT=Ilenoe uncio

CopTraMeHT TIpyKUH

5165 — OCT 24.125.165-01,
5275 - OCT 108.275.69-80,
5010 — nonpk3oBarens

KNAGR=BemmecTBeHHOE YHCIIO

Koaddunment 3anaca no Harpyske

DNAGR=BemecTBeHHOE YHCIIO

V3MeHeHne Harpy3KH Ha NPY>KHHY

KTR1=BemecTBeHHOE YHCIIO

Koa¢-1 Tpenns B1oab ocu TpyOBI

KTR2=BemecTBeHHOE YHCIIO

Koag-1 Tpenns monepek ocu TpyOsI

DESCRIPTION=CumMBoJibHasi CTPOKa

Omnucanue onopsl

Mocksa, 2021
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IT 7.1.17 Cexuus “XKecrkas noasecka” [PODVESK]

X1=BeriecTBEHHOE YUCIIO

KoopauaaTa X (0 — mo yMOT4aHHIO), MM

Y 1=BeliiecTBEHHOE YUCIIO

KoopamnaaTa Y (0 — mo ymMOI4aHuio), MM

Z1=BermiecTBeHHOE YHCIIO

Koopauaata Z (0 — mo yMoJI4aHHUIO), MM

UL=BemecTBeHHOE YHCIIO

I[J'II/IHa IIOABCCKH, MM

DESCRIPTION=CumBoibHas
CTpOKa

Omnucanue OIIOPBI

I1 7.1.18 Cexuus “Amoptuzarop” [AMORT]

X1=BeliiecTBEHHOE YUCIIO

Koopaunara X (0 — mo yMoJI4aHuIo), MM

Y 1=BeliiecTBEHHOE YUCIIO

Koopaunara Y (0 — mo yMoJI4aHuIo), MM

Z1=BerecTBeHHOE YNCIIO

Koopaunata Z (0 — mo ymMoI4aHHIO), MM

XS1=BemecTBeHHOE YHUCIO

JKectkocTh B0 Ocu X, KH/M

XS2=BemiecTBeHHOE YHUCIIO

JKectkocTth B0 Ocu Y, KH/M

XS3=BemecTBeHHOE YHUCIIO

JKectkocTh B0 Ocu Z, kKH/M

PAM=BemmecTBeHHOE YHCIIO

I'py3onoapeMHoCTh, KH

KF=Ilemoe auncmao

0 - rmo6ansuas CK, 1 — mokanpaas CK

DESCRIPTION=CumBoinbHas
CTpOKa

Onucanue onopsl

IT 7.1.19 Cekuus “Cocpenorouennas cuia” POWER]

X1=BemiecTBeHHOE YHUCIIO

Koopauuara X (0 — mo ymMoI4aHuio), MM

Y 1=BemecTBeHHOE YUCIIO

Koopaunata Y (0 — mo ymMon4aHuio), MM

Z1=BemiecTBeHHOE YHCIO

Koopamnata Z (0 — 1o yMOIT9aHHIO), MM

P1=BermecTtBeHHOE YHCIIO

Cocpenorodyennas cuia no ocu X1, kH

P2=BerecTBeHHOE YHCIIO

CocpenorodyeHHas cuia no ocu X2, kH

P3=BerecTBeHHOE YHCIIO

CocpenotodyeHHas cuia no ocu X3, kH

M 1=BeliiecTBEHHOE YUCIIO

CocpenoToueHHblii MOMEHT BoKpyr ocu X1, kH/m

M2=BeliiecTBEHHOE YUCIIO

CocpenioToueHHbI MOMEHT BOKpyT ocu X2, kH/m

M3=BelecTBEHHOE YHCIIO

CocpenoToueHHblii MOMEHT BOKpyr ocu X3, kH/m

IT 7.1.20 Cexuus “Inume / Kpbimka” [CAP]

X1=BeriecTBEHHOE YUCIIO

Koopaunara X (0 — mo yMor4anuio), MM

Y 1=BeliiecTBEHHOE YUCIIO

KoopauaaTa Y (0 — mo yMOT9aHHI0), MM

Z1=BeriecTBeHHOE YHCIIO

Koopannata Z (0 — mo yMOJI4aHHUIO), MM
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I1 7.2. Onucanue oTKPHITHIX popMaToB aiiioB ¢ pe3yIbTaTAMH PacueToOB

I1 7.2.1 O01ue mojoxeHns

B nacrosmmeit Bepcun [IK ACTPA-HOBA B oTKpBITOM (hOopMaTe AOCTYITHBI
CJIE/TyTOIIE Pe3yIbTaThl pacyeTa:
1. mepemerenust (MM, pan);
2. ycunus B nokanbHO# CK (cuna, kH; moment, kH-m);
3. wnanpspkenus (MIla).
PeSyHI)TaTBI BBIBOJATCSA:
® ]IS CTATHYECKOI0 pacueTa JUIsd BCEX CeUYeHHH 10 TaraM pacueTa;
e IS celiCMHYecKOro BO3JEHCTBUS B BHJE aKCEIEPOTrpaMMBbI 3eMIIETPSCEHUS
KakK (D)YHKIMS IO BpEMEHH, a JUIsl CIIEKTpa OTBETOB, KaK (DYHKIIHS 4aCTOTBI;
e I AMHAMHYECKOI0 pacyera Kak (PyHKIHs 10 BpEMEHU
Jannas wHpOpManms MoOKeT OBITH HCIOJB30BaHA B JAJIBHEHIIEM Ui
MOCTPOCHUS TPaHKOB C MOMOILBIO TAKUX MporpamM, kak MS Excel u ananornaHeIx.
JlaHHBIC pe3yIbTaTHl AKCIIOPTUPYIOTCS B TEKCTOBBIE (QaliIbl (C pacIupeHHEM
txt) mpu BBIGOpE MyHKTA DKCHOPT pe3yapTaroB B MeHio Pesynbratst (IIOCT-CTAL]).n
pacnonararTcs B BBIOpaHHOH MOJIb30BaTEIIEM ITaIIKE.

Hna ITOCT-CTAL]

Daiinel mepeMeneHunit uMeroT HazBauus displace_X.txt, rme X — mopsiakoBsiit
HOMep dTarna.

Qaiinbl yennuii uMeror HasBanus force X.ixt, rme X — mopsimkoBeIil HOMEp
JTamna.

®aitnel HanpspKeHU UMErOT HazBaHUs Stress_X_Y.txt, rme X — mopsakoBBId
HoMep 3Tamna, Y — NOPSIKOBBI HOMEp IPYIIIbI HANPsHKEHUH.

Hnst [MOCT-CEMCM nazBanus (haitoB cnemyromue
seism_displace.txt — wis mepemerenmii
seism_force.txt — aust ycwmmit

seism_stress.txt — st HanpsoKeHUA

Jmns ITOCT-JIVH na3Bauus (aiiioB creayromue
dyn_displace.txt — mis nepemereruii

dyn_force.txt — ms ycunmii
dyn_stress.txt ais HanpsoKeHU#H
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I 7.2.2 ®aiin nepememennii IOCT-CTAIL displace_X.txt

J171st Bcei CUCTEMBI:
Homep eepcuu npozpammot (nanpumep, 201104) — yenoe yucno
Haszeanue smana, 01 Komopo2o 8bl0ar0mcsi nepemewyeruss — mekCcmoeasi CmpoKka
Konuuecmeo yuacmkoe — yenoe uucino

Jist kaxkI0ro ydyacTtka:
Ilopsaoxkoestit HOMep yuacmKa — yenoe Yucio
Homep nauana yuacmka — yenoe yucio
Homep Konua yuacmka — yenoe yucio
Konuuecmeo ceuenuii* na yuacmke, 015 KOMOPGIX BblOOAMCA NepemMeujerus —
yenoe yucio

[To koMMYecTBY CeYeHUIT* BBIBOAATCS CTPOKHU, COACPIKAIIIUE:
Ilopsaokoestii Homep cmpPoKu — yenoe Yucio
Homep ceuenusa — yenoe yucno
Juneiinvie nepemewenus no X1 (mm) — sewgecmeernnoe 4ucio
Juneiinvie nepemewenus no X2 (mMm) — seujecmeennoe 4iucio
Juneiinvie nepemewenus no X3 (mMm) — seujecmeennoe 4ucio
Yenoevie nepemewyenusn soxpye X1 (pao) — sewgecmeennoe wucio
Yenoevie nepemewyenun eokpye X2 (pao) — sewgecmeennoe wucio
Yenoevie nepemewenus 6oxpyz X3 (pao) — eewecmsennoe uucno

*Ecnu conmepikaTcs 1B€ CTPOKH C OJMHAKOBBIM HOMEPOM CEYEHHMS, TO MepBast
CTpOKa COJEPKUT JaHHBIE JJISl CepeIMHBI OTBOJIA, BTOPAst s KOHIIA

Il 7.2.3 ®aiin yenamiit IOCT-CTAILL force_X.txt

Jlns1 BCelt cuctemsbl:
Homep sepcuu npozpammut (nanpumep, 201104) — yenoe uucio
Haszeanue smana, 015 KOmopo2o 8blOAMCsL YCUNUSL 8 MECIHOU CUCmeMe KOOPOUHAM
Konuuecmeo yuacmkos — yenoe uucio

Jaist KaXkioro y4acTka
Ilopsaokoewiit Homep yuacmka — yeioe Yucio
Homep nauana ywacmka — yenoe 4ucio
Homep konya yuacmka — yenoe 4ucio
Konuuecmeo ceuenuil na yuacmee, 015 KOMOPbIX Gbl8OOSANIC Y CUNUSL

Ilo xosnyecTBY CEUEHUI BBIBOJSATCS 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
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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
Ecnu comepskarcst 1Be CTPOKM C OJWHAKOBBIM HOMEPOM CEUECHHS, TO HepBast
CTPOKa COJEPKUT JAHHBIE [Tl CEPEMHBI OTBOIA, BTOPAst JIsl KOHIIA

I 7.2.4 ®aitn nanpsekennii [IOCT-CTAL stress_X_Y.txt

Jns1 Beeit cuctembl:
Howmep sepcuu npozpammut (nanpumep, 201104) — yenoe uucio
Haszeanue smana (u zpynnot), 0/is1 KOMOPO20 GblOAIOMC HANPSIICEHUSL — MEKCMO8as
cmpoka
Konuuecmeo yuacmrkoe — yenoe uucio
JLIs Ka)Ioro cyTmepaJeMeHTa-yqacTKa:
Ilopsaokoestii Homep yuacmika — yenoe 4ucio
Homep nauana yuacmka — yenoe 4ucno
Homep konuya yuacmxka — yenoe 4ucno
KonnuecTBo cevyenmnii Ha y4yacTke, JUIsl KOTOPBIX BBIBOISTCS HANpPSKEHHUS — LIEN0E
YHCIIO
ITo xonMuecTBY cedeHut BBIBOJATCS CTPOKH, COIEPIKAILUE:
Ilopsaokoewstii Homep cmpoKu — yenoe yucio
Homep ceuenusn — yenoe yucio
Pacuemnoe nanpscenue (MIla) — sewyecmsennoe uucio
Jonyckaemoe nanpscenue (MIla) — eewjecmeenioe uucio
Ecmu comepskatcsi Be CTPOKH C OJAMHAKOBHIM HOMEPOM CEUEHHs, TO TepBast
CTpOKa COJEPKUT JaHHBIE JJIS CEPEeIMHBI OTBOJIA, BTOpasi IS KOHIIA.

Il 7.2.5 daiia nepememennii IOCT-CEMCM

Jast BHIOpaHHOI TOYKM IJIS1 KajKAOr0 PacuyeTHOro Bo3JeiicTBUSI BbIIaércs 3
CTPOKHU

Pe3yabTaTsl ceiicmuueckoro pacuera. Bo3neiicteue N
Ha3zpanue npoexra
epememenns B ceuennn N yuacrok Ne M (K - L)

IMo koNMYeCTBY TOYEK IO BpeMeHH (YacToTe) BBIBOAATCS CTPOKH,
CoJIepIKaIIHe:
Tlopaokoeslii HOMEP MOUKU HO 8PEMEHU — YeLoe HUCILO
3nauenue epemenu, cex (vacmomut, I'y)
Juneiinole nepemewienun no X1 (mMm) — eewgecmsennoe uucno
Juneiinole nepemewienus no X2 (Mm) — 6eujecmseennoe Yuco
Juneiinvle nepemewienus no X3 (Mm) — 6eujecmseennoe Yuco
Yenoevie nepemewgenun soxpyz X1 (pao) — eewgecmaennoe wucio
Yenoevie nepemewgenun eokpyz X2 (pao) — eewgecmaennoe 4ucio
Yenoevie nepemewgenun sokpye X3 (pao) — sewgecmeennoe wucio
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I1 7.2.6 daiia yensmii IOCT-CEMCM

Jast BHIOpaHHON TOYKH /ISl KajKAOr0 PacyeTHOro Bo3deiicTBUS BbIaaércs 3
CTPOKH

Pe3yabTathl celicMuueckoro pacuera. Bozaeiicteue N
Ha3BaHue npoekTa
Yennus B cedennn N yuactok Ne M (K - L)

I[Mo xonuyecTBY TOYEK IO BpeMeHU (YacTOTe) BBIBOJSTCA CTPOKH,
CoJIepIKaIIHe:
Tlopaokoestii HOMEP MOUKU RO 8PEMEHU — YEN0e HUCILO
3nauenue epemenu, cex (wacmomut, I'y)
Cuna no ocu X1’ (kH) — sewecmeenmoe uucio
Cuna no ocu X2’ (kH) — sewecmeenmoe uucio
Cuna no ocu X3’ (kH) — sewecmeenmoe uucio
Momenm eokpyz ocu X1’ (kH*m) — sewgecmeenmoe uucio
Momenm eokpyz ocu X2’ (kH*m) — sewgecmeenmoe uucio
Momenm eokpyz ocu X3’ (kH*m) — sewgecmeenmoe uucio

I1 7.2.7 ®aiiax nanpsukennii IOCT-CEMCM

Jast BIOpaHHON TOYKM /ISl KajKAOr0 PacyeTHOro Bo3deiicTBUS BbIaaércs 3
CTPOKH

Pe3yabTaTsl ceiicmuyeckoro pacuera. Bo3neiicreue N
Ha3Banue npoexra
Hanpsixenust B cedennn N yuactok Ne M (K - L)

IMo konMY4ecTBY TOYEK IO BpeMeHH (JacToTe) BBIBOAATCA CTPOKH,
coleprKalime:
Iopsaokoevlii HOMEP MOUKU NO BPEMEHU — YeNL0e YUCTO
3uauenue epemenu, cex (vacmomut, I'y)
Pacuemnoe nanpscenue (MIla) — sewyecmsennoe uucino
Jonyckaemoe nanpscenue (MIla) — sewjecmeennoe uucio
Pacuemnoe nanpsaycenue (MIla) — seuwjecmeenmnoe uucio
Jonyckaemoe nanpacenue (MIla) — sewjecmeennoe uucio

I1 7.2.8 ®aiia nepememennii IOCT-AUH

B 3aroJioBke daiina Beigaérest 3 cTpokn

Pe3yabTaThl celicMuyeckoro pacuyera. BosneiictBue N

Ha3panue npoekra

IMepemenrenust B cedennn N yuacrok Ne M (K - L)

ITo xomMuecTBY TOUEK IO BPEMEHH BBIBOJSATCS CTPOKH, COAEPIKALIIHE:

TlopaoKkoewlii HOMEP MOYUKU O 8PEMEHU — Yeloe HUCTLO
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3nauenue epemenu, cex

Jluneiinvie nepemewenusn no X1 (mm) — sewgecmeennoe uucio
Juneiinvie nepemewenus no X2 (mMm) — seujecmeennoe 4iucio
Juneiinvie nepemewenus no X3 (mMm) — seujecmeennoe 4iucio
Yenoevie nepemewenusn eoxpyz X1 (pao) — eewgecmaennoe uucio
Yenoevie nepemewgenun eokpyz X2 (pao) — eewgecmaennoe 4ucio
Yenoevie nepemewgenun sokpyz X3 (pao) — sewgecmaennoe wucio

I 7.2.9 ®aiin yennii IOCT- JUH

B 3aroJioBke aiina Beigaérest 3 cTpoku

Pe3yabTaThl celicMuyeckoro pacuera. BosneiictBue N
Ha3sanue npoexrta

Yeunust B cedennn N yuactok Ne M (K - L)

I[Mo xoiu4yecTBY TOYEK IO BpeMeHH (YacTOTe) BBIBOISTCS
coZiepIKaIlye:
Ilopsaokoestit HOMep MOYKU RO 8PEMERU — YeN0e YUCTLO
3nauenue spemenu, cex
Cuna no ocu X1’ (kH) — sewgecmeennoe uucio
Cuna no ocu X2’ (kH) — sewgecmeenmnoe uucio
Cuna no ocu X3’ (kH) — sewgecmeennoe uucio
Momenm sokpyz ocu X1’ (kH*m) — sewgecmeenmnoe uucio
Momenm eokpyz ocu X2’ (kH*m) — seugecmeenmoe uucio
Momenm eoxpyz ocu X3’ (kH*m) — eewgecmeenioe uucno

I 7.2.10 daiia nanpsixennii IOCT-IUH

B 3arosoBke (aiinia Bbigaéres 3 cTpoKkH

PesyabTaThl celicMuyeckoro pacyera. Bosneiicteue N
Ha3Banue npoekra

Hanpsixenus B cedenun N ydactok Ne M (K - L)

Ilo KOJIMYCCTBY TOYCK MO BPEMCHU BBLIBOJAATCA CTPOKH, COACPIKAIIMC:

Ilopaoxoewtit HOMep MOUKU RO 8PEMEHU — Yeloe YUCTLO
3HaueHue epemenu, cex

Pacuemnoe nanpscenue (MIla) — sewyecmeennoe uucno
Jonyckaemoe nanpacenue (MIla) — sewjecmeennoe uucio
Pacuemnoe nanpscenue (MIla) — sewyecmsennoe uucio
Jonyckaemoe nanpscenue (MIla) — eewjecmeenioe uucio
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IT 7.3 Onucanue dopmarta (aiina ¢ MaTpumamMu KeCcTKOCTH, MAacc H
HArpy30K Cynep3JeMeHTOB

11 7.3.1 O6une moao:KeHust

B nacrosimeit Bepcun I[IK ACTPA-HOBA B OTKPBITOM TEKCTOBOM (opMmare
JOCTYmHBI (MpH uX (OPMHPOBAaHMU B pexuMe “DopMHUpOBaHHE MAaTPHIHBIX
CYIIEP3JIEMEHTOB”’) CIEIYIONIIE MAaTPHUIIBI BIASHIS:

(] ManI/ILlLI JKECTKOCTHU K] JIsI BCEX DTAIIOB CTATHYECKOI'O pvaeTa
(ACTPA-CTAL)

[ BeKTopa Harpysok {lf} A4 BCEX OTallOB CTAaTUYECKOro pacucrta
(ACTPA-CTAL)

e  Marpuna Macc (MHEpIHH) lMJ Ul pacyeTta COOCTBEHHBIX YacTOT H
dopm (ACTPA-DOPM)

Briena3Bannbie MaTpHIBI pacronararTcst B MPON3BOJIEHOMN
MIOCJIE/IOBATENILHOCTU B (paidie, Ha3BaHHE U IMOJIOKEHHE KOTOPOTO SIBHO YKa3bIBACTCS
MOJIb30BaTesIeM B OKHE “D@OpMHUpPOBAHUE MATPUIHBIX CYTIEPITIEMEHTOB” .

JlaHHBIC B TIpesieniaX CTPOKH pa3ielieHbl TPOU3BOJILHBIM YHCIIOM POOEIIOB.

IT 7.3.2 MaTpuna ;kecTKOCTH

Jns xaxmoro srtama cratuueckoro pacueta (-CTAI]) w pns pacyera
COOCTBEHHBIX 4acToT U hopm (-OOPM):

2.1. nepsas cmpoxa (yKa3arenb-pa3/ielIuTeNb)
1 — npusnax mampuysl yncecmrxocmu — yenoe 4ucino,
Homep smana, 0151 Komopo2o chopmuposana mampuya — yeioe HOIOICUMETbHOe
4uCio;
Yucno cmpok-cmonouos (cmeneneii c60000bl) MamMpuubl — yeioe NON0NCUMENbHOe
4ucio;
Yucno cmpok, Komopoe 3anumaiom & aiiie KoIgpuyuenmor mampuyst — yeioe
NOLOACUMENLHOE YUCIO.

2.2. cmpoxu (3alaHHOE YHUCIIO — CM. BBIIIC) ¢ KO3(QQUIMECHTAMH BEPXHETO

“rpeyrombuuka” Matpuipl [K . | (cm. m.4.13)

Kosppuyuenmor mampuywr — oeticmsumensvhvie 4ucia 080UHOU MOYHOCMY, HAYNHAS
C MIEPBOW CTPOKH U INArOHANIBHBIX YICHOB.

IT1 7.3.3 BekTop Harpy3ku

Jnst kakoro arana cratudeckoro pacuera (-CTAI]):

3.1. nepsas cmpoxa (ykazaTenb-pa3icanuTesb)
3 — npu3Hak éeKmopa Hazpy3Ku — yenoe Yyucio,
Homep 3mana, 0151 Komopozo chopmuposan 6eKmop — yenoe NONOACUMENIbHOE YUCILO;
Yucno korhuyuenmos eekmopa — yenoe nonodcumenbHoe Yucio,
Yucno cmpok, komopoe 3anumarom 6 ¢haiine KoIgpuyuenmor 6exmopa — yenoe
NOL0ACUMENLHOE YUCTO.
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3.2. cmpoxku (3agaHHOE YKCIIO — CM. BBIIIE) ¢ KOAPPHUIIHECHTAMH BEKTOpa {lf }:

Koagppuyuenmor 6exmopa — oeiicmsumenvhvie yucia 080UHOU MOYHOCHIU,
Ha4MHAas C MEPBOTO (NIEPBOH CTETIEHH CBOOOABI IS IEPBOTO CTHIKOBOYHOIO y371a).

I1 7.3.4 Marpuna macc (MHEpIUH)

Jlnst pacueTa cCOOGCTBEHHBIX 4acToOT U hopMm (-@OPM):

4.1. nepsas cmpoxka (ykazaTenb-pa3aeauTelb)
2 — npusnak mampuywt macc (UHepUUL) — Yenoe Yucio;
Homep smana, ons xomopozo cghopmuposana mampuya — yenoe noaoHCUmenbHoe
uucno;
Yucno cmpok-cmonoyos (cmeneneii c60600bl) MamMpuybl — yeioe NOIONCUMETbHOE
uucno;
Yucno cmpox, Komopoe 3anumarom Koypduuyuenmvr mampuyvl — yeioe
NONOAHCUMENLHOE YUCTO.

4.2. cmpoku (3aJaHHOE YHCIO — CM. BBIIIE) ¢ KOA(DPHUIUCHTAMH BEPXHETO

“TpeyroJapbHHUKA” MaTPHIIBI [|\7| cc ](CM. m.4.13)

Kosghpuyuenmur mampuysr — oeticmeumenvruvle yucia 080UHOU MOYHOCY, HAUHHAS
C TIEPBOW CTPOKH U INArOHAIBHBIX YICHOB.

Hamnee, mpu yuete BHyTPEHHUX CTETIeHeH cBOOOIHI (popM KoeOaHumit)

4.3. cmpoka (yka3zarenb-pa3aeuTelb)
20 — npusnaxk “oononnumenvnoi’” mampuyvl macc (UHepyuL) — yenoe Yucio;
Yucno enympennux cmeneneii c60600vt (popm Konebanuil), ¢ yuemom Komopvix
cpopmuposana “0onorHumenvHas” Mampuya — yeuoe NOL0HCUMENbHOE YUCILO,

Yucno cmpox (cmeneneii c60000bt) Mampuyol M NC] — yenoe noaodicUmenvbHoe

4ucio;
Yucno cmpox, Komopoe 3anumaiom KoIgpduuuenmor mampuupt — yeioe
NOLOAHCUMENLHOE YUCTO.

4.4. cmpoxku (3aJaHHOC 4YHCIO — CM. BBIIE) C KO3(pQPHUIMCHTAMU

“IOMOTHUTENIBHONW MaTPUILIbI
Koapdhunyuenmor mampuuvt — Oeticmeumenvhvie 4ucia OBOUHOU MOYHOCHU, CHAYANA
CTOJIOLIBI MaTPHIIBI M NC ], 3areM — KO3((HUIMEHTHI, paBHBIC [|\7| NN ]/ [K NN ] (cm. 1. 4.13)

— BEJIMYMHBL, 0OPATHBIE KBA/IpaTaM COOCTBEHHBIX YaCTOT.
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