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1 PASPABOTAH Hekommepyeckum naptHepcTBOM «CepTudukauymoHHbin ueHtp HACTXOMy (HM
«CL, HACTXOI»), OTKPbITbIM aKUMOHEPHbIM O0OLWECTBOM «VIPKYTCKMI HayyHO-UCCNEAOBATENLCKUA U
KOHCTPYKTOPCKWUI MHCTUTYT XMMUYECKOTO M HE(PTAHOro MawmHocTpoeHusy (OAO «UpkyTckHUNxuMmmaLLy)

2 BHECEH TexHuuyeckum koMuTeToM no craHaaptusaumm TK 155 «CoeauHenuns TpybonpoBOAOB
00LLEMALIMHOCTPOUTENBHOTO NPUMEHEHUSY

3 YTBEPXXOEH W BBEJEH B JEWUCTBUE Mpukasom degepanbHOro areHTCTBa no TEXHUYECKOMY
perynupoBaHuto u metponorum ot 14 mas 2013 r. Ne 104-cT.

4 BBEJJEH BMNEPBbIE

lMpasurna npumeHeHus Hacmoswie2o cmaHdapma ycmaHosrneHbl 6 [OCT P 1.0—2012 (pa3den 8).
UHpopmayusa 06 uaMeHeHuUsX K Hacmoswemy cmaHdapmy nybrnukyemcs e exe200HOM (10 COCMOSHUIO Ha
1 aHsaps mekyuieeo 2o0a) UHhopPMaUUOHHOM yKasamerne « HalyuoHanbHble crmaHdapmbi», a ouyuansHbll
meKkcm U3MEeHeHUl U [10npasoKk — 8 EXEeMEeCSYHOM UHQOPMaUuUOHHOM yKkalamesie «HauyuoHasbHble
cmaHOapmbl»y. B criydyae nepecmompa  (3aMmeHbl) unu  OmMMeHbl  Hacmosuwleeo cmaHlapma
coomeemcmeyiouiee yeedomneHue 6ydem ornybnukoeaHo e bnuxaliem ebinycke UHEOPMaLUOHHO20
ykasamens «HayuoHanbHble cmaHdapmely. Coomeememeyowas uUHgopmauus, yeedomneHue u meKkcmsoi
pasMmewjaromes makxe 6 UHOPMayUoHHOU cucmeme obuwieeo rnonb3osaHus — Ha oguyuanbHoOM calime
®edepanbHo20 azeHmemea Mo MEXHUYECKOMY pea2ynuposaHulo u memponoeuu e cemu VHmepHem
(gost.ru)
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Hacrosiwmii ctaHgapT He MOXeT ObiTb MOMHOCTBIO UMM YaCTUYHO BOCTPOU3BEAEH, TUPAXKUPOBAH U
pacnpocTpaHeH B KayecTBe odmumanbHoro usgaHus Ges paspelleHuss deaepanbHOro areHTcTea Mo
TEXHUYECKOMY PETYNIMPOBAHMIO U METPONIOTUM
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BBeneHue

TpyBonpoBoAHLIE CUCTEMbI SIBASIIOTCA OJHOW M3 OCHOBHLIX COCTaBRAOWMX HedTErasoBbiXx W
HETEXMMUYECKNX MPON3BOACTB, NMOITOMY OT TEXHMYECKOTO COCTOSIHUSI TPy6OnNpoBOAOB B 3HAUMTENbHOW
Mepe 3aBuCMT KUx BGe3onacHoCTb. B Hanbonee HeGnaronpUATHLIX YCNOBUAX 3JKCMNyaTauuu HaxoAaTca
TpyboONpoBOAHbLIE CUCTEMbI HACOCHBIX W KOMMPECCOPHbIX YCTAHOBOK, MCMbITHIBAIOWMNE 3HAYUTENbHbIE
BMOpaLMOHHbIE BO3AENCTBUS CO CTOPOHBI Kak MAalLMH, TaK U TPAHCMOPTUPYEMOI cpelibl. 3T BO3AEWCTBUSA
MMEIOT CMOXKHYIO NPUPOAY W BbI3BaHbI MyJibCaLMeli AaBMNeHUs, CPbIBOM M0TOKa, UIBMEHEHUEM HANPAaBNEHUS U
CKOPOCTU €ro ABMXXEHUSA, aKyCTUYECKUMU pe30HaHcaMu, B3aUMOAENCTBUEM MOTOKOB B MECTaxX BETBNEHUA
Tpybonposoaa u apyrumu chakropamu. B page cnyyaes BuOpaLuOHHOE BO3EICTBUE NepeaeTca Ha onopbl
TpybGonpoBoaa Yepes rpyHT.

Mpu npoekTupoBaHun TPYBONPOBOAHLIX CUCTEM NPAKTUYECKU HEBO3MOXHO y4eCTb B3aUMOAENCTBUE
NepeyncneHHblX Bbille (akTOpOB, OLEHWTb YPOBEHb M napaMeTpbl BUOPAUMOHHbLIX BO3AEWCTBUA HA
TpybONpoOBOAHYIO CUCTEMY W, CreaoBaTenbHO, OnpeaenuTs pecypc GesonacHow akcnnyatauuu
TpybonpoBoaoB. Pecypc TpyGonpoBOAOB, MCMbITLIBAOWMX BUOpaALMOHHOE BO3AEWCTBUE, onpeaensieTca
YPOBHEM LMKITMYECKN UBMEHSIOLLMXCA HaNPsDKEHUW, KOTOPbIE NPUBOASAT K HAKONMEHWIO NOBPEXAEHWN Ha
Hambonee HarpyeHHbIX y4acTkax W MOCneAylwemMy YCTanoCTHOMY paspyLUEHUIO UMW  HapYLUEHUIO
repMETUYHOCTU COeAMHEeHMii. MMOo3TOMY ANs NPOrHO3MPOBAHMS pecypca HeobGX0AMMO YMETb NPaBUAbHO
OLIEHUTb HanpsXeHHo-AeOPMMPYEMOE COCTOSIHUE SKCNyaTUpyeMbIX TPyOONPOBOAHBIX CUCTEM.

Hacroswumi craHpapt paspabotaH B Uensax onpeaeneHuss eauHoro noaxoaa Kk obecneyeHuio
GesonacHoi okcmnyaTauuum TpyGONpOBOAHBIX CUCTEM, 3JKCNIyaTUPYEMbIX B YCIOBUSIX BMOpaLMOHHBLIX
BO3€iCTBUA.
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HAUMOHANBbHBLIW CTAHAOAPT POCCUNCKOW ®PEQREPALUUMN

CUCTEMbI TPYBONPOBOAHbLIE

PacuyeTHO-3KCNEePUMEHTamNbHLIIN METOA OLEHKN AMHAMNYECKOIO
HanPsHKEHHO-Ae GPOPMUPOBAHHOIO COCTOAHUA

Piping systems.
Calculated and experimental method for estimating the dynamic stress-strain state

Nara BBeaenunsa — 2013—12—01

1 Obnactb npuMeHeHus

HacToswuit cTaHaapT yCTaHaBNMBAET PacYETHO-3KCNEPUMEHTASbHBIN METOA OLIEHKM AUHAMUYECKOTO
HanpsKeHHO-4e(POPMUPOBAHHOIO COCTOSIHUSA TPYOONMPOBOAHLIX CUCTEM, MNOABEPKEHHLIX BUOPALIMOHHBLIM
BosgeicTeuam. MeTtog ©OasmpyeTcsi Ha UMUCMEHHOM MOAENMPOBaHWUM TPyOGONPOBOAHOW CUCTEMbI MO
pesynbTaTam ee HaTypHoro o6cneaoBaHus u nocneayioLlein naeHTudukauum cucTemsl.

HacToswumit crangapt pacnpocTpaHsieTcs Ha TpybonpoBogHble cucTeMbl oGO KOHMUrypaumm,
COBEpLUAIOLNE BbIHYXAEHHbIE KonebaHua HaubonblLuen UHTEHCMBHOCTM B AuanasoHe vactot ot 0 go 100

ru.
2 HopmartuBHbIE CCbUIKMN

B HacTosLwem cTaHaapTe UCMNonb30BaHbl HOPMATUBHBIE CCbIMKU HA cneayiowue cTaHaapThl:
FOCT UCO 5348-2002 Bubpauus n yaap. MexaHuueckoe KpenmneHue akcenepoMeTpos
FOCT 24346—80 Bubpauusi. TepMuHbI U onpeaeneHus

MpuMedyaHUe— Tpu NoNb3OBAHAN HACTOSAWMM CTAHRAPTOM LenecoobpasHo NpoBepuTh AeiicTBue
CChINOYHBIX CTaHAapTOB B MHAOPMaLMOHHON cucTeMe 06LLero NoNb3oBaHUa — Ha oduynuansHoMm caiite defeparnbHOro
areHTCTBa Mo TEXHUYECKOMY PerynupoBaHuio 1 METPONOrUU B CETU MHTEPHET UK NO eXerogHoMy UHMOPMaLIMOHHOMY
ykasaTeno «HauuoHarbHele CTaHAapTbI», KOTOpbIA OMy6nukoBaH Mo COCTOSHUIO Ha 1 sHBaps TeKyllero roga, U mno
BbIMYyCKaM eXeMeCcsiuHOro MHOopMaLMoHHOro ykasaTensa «HaluoHanbHble cTaHAapTLI» 3a Tekywuii rog Ecnu sameHeH
CChINOYHBIA CTaHAapT, Ha KOTOphIi AaHa HefaTUPOBaHHAaA CChifka, TO PEKOMeHAYeTCA UCNonb3oBaTh [eNCTBYIOLLYIO
BEPCUI0 3TOr0 CTaHhapTa C Y4eTOM BCEX BHECEHHbIX B AaHHYl0 Bepcuio WU3MeHeHUid. Ecnn 3ameHeH CChbnouHbIA
CTaHgapT, Ha KOTopbli AaHa AaTUpoBaHHas CChifka, TO PEKOMEHAYETCS MCMoNb3oBaTb BEpculo 3TOro craHpapTta ¢
yKasaHHbIM Bhille rofoM YTBepXAeHUs (MpuHATus). Ecnn nocrne yTBEPXKAEHUA HacTosero cTaHiapTa B CCbUTOMHLIA
cTaHgapT, Ha KoTopblii AaHa AaTWpoBaHHas CCbifika, BHECEHO M3MeHeHWe, 3aTparvBarolyee MOSoXeHWe, Ha KoTopoe
faHa ccbifika, TO 3TO MOMOXEHUE PeKOMEHAYETCs MPUMEHATb 6e3 ydeTa AaHHOro U3MeHeHWs. Ecnn cobinouHblit
cTaHpapT oTMeHeH 6ea 3aMeHbl, TO MOSIoXeHMe, B KOTOPOM AaHa CChifka Ha Hero, PeKOMeHAYeTcs MPUMEHSTb B YacTy,
He 3aTpar1BaroLLeit STy CCbInKy.

3 TepMuHbI U onpeaeneHns

B HacTosiLLeM cTaHAapTe NPUMEHEHbI CrieayoLme TEPMUHbLI C COOTBETCTBYIOLLMMM ONpeaeneHUsiMu:

3.1BuGpauma: OBMKEeHNE TOUKM UMU MEXAHUYECKOW CUCTEMbI, MPU KOTOPOM MPOUCXOAAT konebaHus
XapakTepu3yoLLMX ero ckansipHbIX BEMUYKH.

3.2BubponepemelteHune: CoctasnsaoLLas nepeMeLLeHns, onuceiBatoLas subpaymio.

3.3BubOpoMn3MepeHms: 3KcnepuMeHTanbHoe onpegeneHue napameTpoB Bubpauumm
WHCTPYMEHTanbHbIMU CPEACTBAMM.

3.4HeBA3ka: OTKIIOHEHUE MeXAY pacyeTHbIMU U U3MEPEHHbIMU nepemMeLleHus MU TpybonpoBOaHON
CUCTEMBI.

M3paHue oduumnanbHoe
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4 CokpaweHusn

B HacToALEM cTaHAapTe MCNONb30BaHbl CreAyIoWmMe COKPaLLEHUS:

- AHAC — amHaMunyeckoe HanpspKeHHO-AeOPMUPOBAHHOE COCTOSTHUE;
- K3 — KOHEeUHbIn 3NeMEHT;

- MMA — mHOrokaHanbHas usMepuTenbHas annaparypa;

- MK3 — MeTo/; KOHEYHBIX 3NIEMEHTOB;

- OUN — oaHOKaHATbHbLIA U3MEPUTENLHBINA Npubop;

- TC — tpybonpoBoaHas cucrema.

5 OO6wmne nonoxeHus

5.1PacuyeTHO-9KCnepuMeHTanebHbii - MeToa  onpeaeneHus OHAC TC (Mmetoa waeHTudmkauum),
noasep>keHHON BMOpALMOHHOMY BO3AEWCTBUIO, OCHOBaH Ha TOM, YTO none BubponepemeryeHunii TC moxeT
ObITb ANNPOKCUMMUPOBAHO MONSIMM NEpPEMELLEHUIA, COOTBETCTBYIOLLIMMU COOCTBEHHbIM hopMam konebaHui
TC.

n punMmedvyaHune -— Hap;my C (*)OpMaMM koneGaHuii B annpokcuMayum moryrt ObITb UCNONb30BaHbl Takke
qDOprI I'lpOFI/IGOB OT €4ANHUYHbLIX CUI, NMPUNOXEHHbIX B TeX TOouYKax TC, B KOTOPbLIX NPUCYTCTBYKOT COCpefOoTOYEeHHble
AWHaMuU4eckue cunbl.

5.20na TC npou3BONbHOW KOH(purypauum, B # TOYKaxX KOTOPOW M3MEPEHbl aMnauTyAbl
Bubponepemelennin D, (i =12 ,...,n), BEKTOpP paCYETHbIX NEPEMELLEHUN {D} pa3MepHOCTbIO 7

BbIYUCIIAOT N0 hopmyne
53

{D}=[@}d}, ™

rae  [®@] - matpuua m,, cobeTaeHHbIx Bektopos TC {®,}, k=12 ,...,m,, pasmepHOCTbIO 1, X71;
{d}— BEKTOP 0606LUEeHHbIX NepeMeLleHuii d,, k =1,2 ,...,m, pasmepHOCTbIO /1, .

BekTop pac4eTHbIX YCUIMA/HaNPSHKEHWN A {S} BbIYMCIIAIOT aHANOrM4HO NO chopmyne
{s}=lo,Ja}, @

rae [®,] - maTtpuua m,, BekTOpoB ycunuit/HanpsHKeHMii {(I),j}, k=12,...,m,, cootBeTcTByIOWMX kK - it
dopme coBCTBEHHBIX Konebanuin TC.

5.43apa4y uaeHTudukaumm cnegyet pewlaTb W3 YCMOBUS MUHUMM3ALUMWU OTKMNOHEHWUW 3HAYEHWUW
pacyeTHbIX NepemeLLeHni {D} TC 0T 3HaYEeHUI N3MEPEHHBIX NEPEMELLEHUI

5.5MNpumeHsemble anropuTMbel MMHUMU3aLMKU pasnuyaloTcs B 3aBUCUMOCTU OT TUNA M3MEPUTENLHON
annapatypbl (MWA, OUM), ncnonb3yemoit Ans nsmepeHusi amnnutyz subponepemetneqmii D, .

5.60nA noBbileHnsa ToyHocTM onpeaenewus [OHOC TC npu BMOpPaAUMOHHLIX BO3AEUCTBUAX
pekoMeHAYyeTCsa Ans u3Mepenuin ucnonb3oBatb MWA. OWIM ponyckaetca ucnonb3oBaTb fNuWwb Ang
npeasaputensHoi ouyeHku OHAC.

5.6 Ucnonb3oBaHe MHOrokaHasIbHOW U3MepPUTENbHONM annapaTypbl

5.6.1 Mpu ncnonb3oBaHuu Anst usmeperust Budpaumm MUA amnnutyasl Bubponepemetyennii TC D,

(i=12,...,n) cneayeT u3MepsATb B OAWH WU TOT XXE MOMEHT BPEMEHM, YTO MO3BOMSAET MNONYYUTb

dakTuueckylo aecopMmupoBaHHyio hopMmy BbiHYXAEHHbIX KonebaHuit TC ¢ y4eTOM BO3MOXHbIX (Pa3oBbIX
CABUIOB.

5.6.2 B aToM cnyyae Ans MUMHUMU3ALMUU HEBSA3KU {R} onpeaensemon no opmyne

{r}={p"}-{D}, 3

NPUMEHAIOT MeTO4 HAaUMEHbLUMX KBaApaToB.
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56.3 MNpu 9TOM BekTOp OBOOOLUEHHbLIX NepeMeLeHnin {d} obecneymBalOLMn  Hauny4lee

npuGNMKEHNE BEKTOPA PaCYUETHbIX MEPEMELLEHMI {D} K BEKTOPY W3MEPEHHbIX MepeMeLLEHU {D"}
HaXoAsT U3 PELUEHUS CUCTEMbI YPaBHEHWI

{%(ZW)} =0, 4

2
roe w — CyMMa KBaJpaToOB HEBA30K {R} BbluMCnAemas no gpopmyne
T
W ={R}"{R}, 5)

roe {R}T - TPaHCNOHMPOBaHHas MaTpuLa {R}
5.6.4 WcKkombln BEKTOP 0600LLEHHBIX NEPEMELLEHUI {d} BbIYUCIIAOT N0 popmMyne

{dy=[4]"[o]"{p"}. ©
5.6.5 Marpuuy [A] BbIMUCNAOT NO hopmyne
[4]=[o] [@]. ™

5.6.6 HeoGxoAUMbIM  YCMOBUEM  HEBbLIPOXAEHHOCTU  MaTpuLpl [A] SABMAETCA  JIMHElHas

HE3aBUCUMOCTb CTONGLIOB MaTpuLpl [D].

5.7 Ucnonb3oBaHne OAHOKaHaNIbHOW U3MEPUTESTLHOW annapaTtypbl
5.7.1 TMpun ucnonb3oBaHun ans uamepeHusi sBubpaumm OUM, amnnutyabl BubponepemelieHun TC
D}. (i=1,2,...,n) n3MepsIlOT B pa3Hbleé MOMEHTbI BPEMEHM, YTO HE AAeT BO3MOXHOCTM Y4eCTb (Da3oBble

CABUIN.
5.7.2 B atom cny4vae 3agada uaeHTudukaumm cBOAMTCA K MUHMMM3ALUUU OTKITOHEHUI aBCONOTHBIX

- - - - *
3HAYEHUI pPacUETHbLIX NepeMeLLeHMi |{D}| 0T abCOMIOTHBIX 3HAYEHNI U3MEPEHHbLIX NEPEMELLIEHNI |{D }

5.7.3 lMpu atoM Ana onpeaeneHuss Bektopa 0600LEHHbIX NEpEeMELLEHUI {d} NPUMEHSIOT PYHKLMIO

CYMMbI KBAJIPaTOB Pa3HOCTM KBaZApaToB nepemelleHuit “W no dopmyne

W= Zm:(D;"z —D,.Z)z . ®
i=1

o 4 ~
57.4 Ona rnoGanbHOil MuHMUMM3ALMM YHKUMKM W MCMONb3YIOT anropuTM, OCHOBAHHLIA Ha

NPUMEHEeHUU MeToga NOKOOPAUHATHOrO cnycka, HaunHasa ¢ noucka rnodanbHoro OAHOMEPHOro 3KCTpemMyMma
B HanpaBreHnn cTeneHen ceob0oabl, COOTBETCTBYIOLLUMM HU3LWKUM popmaM konebaHuin TC.

4 < -
5.7.5 ®ynkuua W npeacrasnsiet coBoil NOAMHOM YETBEPTOM CTEMNEHU, a ero0 MUHUMYM HaxXoasT U3
pelueHus KyOuM4eckoro ypaBHEHUsi, NPeACTaBnsAlLWEero coboi paBEeHCTBO HyMO MEepBOW NPOU3BOAHON
4 -
yHkumm "W no opHoii u3 nepementbIx d, , k=12 ,....m:
0

@(W): 0. ©)
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5.7.6 TNonuHoMm 4W(a’k) BbIYMCIIAOT N0 opmyne

W(d,)=3 (C4,,d, +C3,0d,° +C2,,d,” +C1,,d, +C0,, ) (10)

i=1

5.7.7 Kosddpumumentsl CO,,, C1,,, C2,,, C3,,, C4,, paccuntbiBatot no cpopmynam:

C4z,k = (I)i,k47
C3,=4D0,,’,
2 *2 2
C2,, = (6Dl -2D, )cbhk ; A1)
Cli,k = 4(51'2 _D:Z)(Dz',kﬁiz

Coi,k = (51'2 - Di*z )2 5

rae . BbluUCTAIOT MO popmynie

i

D=0 d,. 12)
jzk
5.7.8 OnpegensoT 3Ha4eHUA MUHUMYMaA (PYHKUUK ‘W Mpn 3TOM M3 Tpex KOpHen KyBuyeckoro

ypaBHeHWs1  BblIOMpalOT  AEWCTBUTENbHbI  KOpPEHb, COOTBETCTBYIOLUMIA  MWUHUMArIbHOMY  3Ha4eHWIo
MUHUMU3UPYEMOW DYHKLUN.

4
5.7.9 KpuTepuem 3aBepLUEHWUss MNOUCKA MUHUMYMa (yHKuMM W B npocTpaHcTBe 0GO0GLLEHHbIX

nepemMeLLEeHNi {d} ABNSIETCS BLINONTHEHUE ABYX YCIOBWIA:
- OTHOCWTENbHOE MpupalleHue BekTopa 0BGOGLUEHHBIX MepeMELLEHNI {d} He AOIDKHO MpeBbILIATbL

MaKCMMasbHO A0NYCTUMOrO 3HaueHus (10°*);
- OTHOCUTENbHOE MpuUpalLeHne PyHKUMM W He AOMKHO MPEBbILLATh MAKCUMANbHO JOMyCTUMOTO

3Havenms (10°7°).

6 lMopsapok npuMeHeHnA meToaa
6.1 O6wume nonoxeHums

MpakTuyeckan peanusauma metoga oueHkn OHOC TC BknovaeT B ceba cneaylolme OCHOBHbIE
aTanbl:

a) noctpoeHue KO mogenu TC;

0) onpegeneHne cobcTBEHHBIX hopM 1 YyacToT konebanuit TC;

B) obcneagoBaHue BUOPaALMOHHOIO COCTOSAHUA TC;

r uaeHtudpukauma QHAC TC.

MpumevaHune - Ona npoctenumnx cnydaes TC KO mogens [nepeduncrnieHune a)] AonyckaeTcs He CTPOUTb.
Mpn 3ToM onpepeneHne cobCTBEHHbIX POPM W 4YacToT konebaHwit [nepeuncnenne 6)] m ugeHtTndmkauyma AHOC
[nepeuncnenne B)] BLINOMHAKTCA aHaNUTUYECKN.

6.2 MNocTpoeHne KOHEYHO-35IEMEHTHON Modenu TPyoonpoBOgHON CUCTEMbI

6.2.1 TloctpoeHne K3 mopenn TC saBnsieTca HeoOX0AMMbIM ANsi NPOBEAEHUs NOoCreaylowmnx
pacyeToB.

6.22 K3 cneagyer dopMmupoBatb € MUCMOSb3OBAHUEM  CNEUNANU3MPOBAHHLIX MPOrpamMMHbIX
KomMmmnnekcos, peanuayowmx MKD. lMpu 9TOM yHKUMOHAN MPUMEHAEMOro MNpPOrpaMMHOro Kommnekca
JomkeH obecneynBaTb BO3MOXHOCTb MOAENMPOBaHUSA BCEX 3neMeHTOB TC.

6.2.3 lNoctpoeHne K3 wmogenm TC cnegyer BbINOAHATL C  UCMOSIb30BAHUEM  MNMPOEKTHOW
JOKyMeHTauum Ha TC (4epTexu, akcoHOMETPUYECKUE CXEMBI U T. A.).
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6.2.4 B cnyyae HecooTBeTcTBUA pakTudeckon koHdurypaumm TC NpPOEKTHON AOKYMEHTauuu
nocrpoeHue K3 Moaenu BbINOMHAIOT N0 pe3ynbTatamM HaTypHbIX 0OMEPOYHbIX paborT.

6.2.5 TlocrpoeHue K3 mogenu TC cnegyet NpoBOAUTL B TAKOW NMNOCNEA0BaTENbHOCTH:

- BbIBOp Havyana KoopauHar;

- K@ moaenuposaHue anemeHToB TC (Tpy6onpoBoaoB, Npyu HEOBGXOAUMOCTU €MKOCTEN, annapaToB U
T.A.);

- Ha3Ha4YeHMWe XKXECTKOCTHbIX XapakTepuctuk K3;

- 3aJaHue rpaHnUYHbIX YCNoBUin (MOAENNPOBAHUE ONOPHbIX KOHCTPYKUN TC);

- 3ajaHvMe AMHAMUYECKMX MapamMeTpoB CUCTEMbl (MHEPLIMOHHbIE XapakTepuCTUkM TpybonpoBoAoB,
TpyOONpoOBOAHONM apMaTypbl, Pa3beMHbIX COEAUHEHWI, U30NSUMK, Cpeabl N T. 4.);

- 3ajaHue napameTpoB pacyeTa.

6.3 OnpeaeneHne cOOCTBEHHbIX (POPM U YACTOT Konleb6aHuit Tpy6oonpoBOAHON CUCTEMBbI

6.3.1 CobcTBEHHbIE OPMbI M YacToTbl Komebanui TC paccymTbiBAOT B LENAX BbISBNEHUA
xapaktepa konebaHuin oTaenbHbIX y4actkoB TC v onpegeneHusi onTUMansHOro pacnonoXKeHWs TOYeK Ans
usMmepeHusi subponepemeLyeHuii npyu nocneaytowieMm obcneaosaHun BUOPaAUMOHHOIO coctosiHua TC. Ons

dopmupoBaHnst Matpul COOCTBEHHbIX BEKTOPOB [(I)] M MaTpuy ycunuin/HanpspkeHuin [@S] crnepyet

UCMONb30BaTh TAKKE PE3yNnbTaThbl pacyeTa cOBCTBEHHbIX XapakTepucTuk TC.

6.3.2 CobcTtBeHHble  hopMbl M 4acToTbl  koneGawuin  TC  cnegyeT  pacCuuTbIBaThb
aBTOMAaTU3UPOBaAHHbIM  MyTeM C  UCMOMb30BAHWMEM  MPOrpaMMHbIX  KOMMIEKCOB,  pPeanu3yoLmx
crneumanm3nupoBaHHble anropuTMbl pelleHnss 0606LLIEeHHON 3a4a4n Ha COBCTBEHHbIE 3HadeHua [1]. Ans aTou
uenu ucnone3ytot KO mogens TC, nonyvyaemyto B COOTBETCTBUU C 6.2.

6.3.3 [na pacyeta opmMm 1 4acToT COOCTBEHHbIX konebaHuii TC NpoCTON reoMeTPUYecKon PopMbl n
OLIEHKM COOCTBEHHBbIX (DOPM M 4aCTOT konebaHuii OTAENbHbIX Y4acTkOB TC CROXHOM MPOCTPAHCTBEHHOW
KOHpUrypaLum JonyckaeTCs UCNonNbL30BaTh aHanuTMYeckue MeToabl pacyeta COBCTBEHHbLIX (hOpM U YacToT
[2].

6.4 O6cnegoBaHMe BUGPALIMOHHOIO COCTOSIHUA TPYOONPOBOAHOW CUCTEMBI

6.4.1 Bei60op TOuEK ANA u3MepeHus amMmnnauTya BubponepemeleHumn

6.4.1.1 WN3amepeHne amnnutya BubponepemeweHun TC cneayer BbIMOMHATL B TO4YKax
BMOPOU3MEPEHUI B HANPaBMEHUN KOOPAMHATHLIX OCEN rnobansHON CUCTEMbI KOOPAMHAT.

6.4.1.2 T[noGanbHytd cUCTEMy KOOpAMHAT BbIOMpalT cnegywwmm o06pa3om: 0OCb x —
rOpu3oHTanbHas oCb, 0Cb J — BEpPTUKamnbHas, OCb Z — rOpU3oHTanbHas, NepneHankynsapHas ocu x .

6.4.1.3 Toukm anda ycraHoBku BubponpeobpasoBaTenen crnegyet BblOMpaTtb C TakMM pPacveETOM,
YyTOObI, MO BO3MOXXHOCTU, BCE OCHOBHbIE anemMeHTbl TC Obinu oxBayveHbl obcnegoBaHMeM. TOUKM 3aMepoB
crnegyeT Ha3Ha4vaTtb Ha CTbikax Tpyb, B MecTax NoBOPOTOB TPyOONPOBOAOB, CepeanHax NponeToB U Mecrax
pacnonoxeHus onop. [pu BbIOOpe TOYEK W3MEpeHWs crneayet MNPUMHUMaTb BO BHUMAaHME Takke
XapaktepHble opMbl KonebaHuin CUCTEMbI, NONYYEHHbIE pacdeToM no 6.3.
6.4.1.4 Cnocob kpennexnua BubponpeobpasoBaTtens crneayet Bbibupate cormacHo FOCT MCO
5348.
6.4.2 MpoBeaeHne usMepeHun
6.4.21 W3mepeHune amnnutya BubponepemelleHuin TC cneayeT BbINOMHATE B TOYKAX M
HanpaeneHusix, Bbidupaemblx B COOTBETCTBUN C 6.4.1.
6.4.2.2 Mpu ncnonb3osanun MUA nsmepeHue amnnutya BubponepemeLleHunii cneayeTt BbIMONHATh
CUHXPOHHO BO BCEX HameuyeHHbIx Todkax TC. Mpu 3TOM B KaXaoW TOYKe HeobX0AMMO pPerncTpupoBaThb
BPEMEHHYIO peanu3aumnio BubponepeMeLLeHni.
6.4.2.3 Mpu ncnonb3osanun OUMM namepeHne amnnutya BubponepeMeLleHnii cneayeT BbiNONHATb
nocnegoBaTentHO BO BCex Todkax. Mpu 9TOM B KaXaon ToYke Heobxoaumo perncrpupoBaTb abconioTHoe
3HaYeHWe aMnnuTyabl BUbponepemeLLeHui.

6.5 UpeHTUMKaumna HanpAXXeHHo-ae (POPMUPOBAHHOIO COCTOSAHUA TPYOONPOBOAHOW CUCTEMBI
6.5.1 Ha oCHOBe pe3ynbTaToB WM3MEPEHUI amMnnuTyg BubponepemeweHMn B 1 Todykax TC

- *
hOpMUPYETCSt BEKTOP U3MEPEHHBIX NepeMeLLEHU {D }

MpuMmedvyaHune -— W3MepeHUs B OA4HOW U ToW e Touke (MecTe) TC B HanpaBreHWW pasfnUYHbIX Ocew
rno6anbHoi CUCTEMBI KOOPAWHAT NPUPaBHUBAKOT K U3MEPEHNSAM B pasHbIxX Tovkax TC.

6.5.2 [pu ncnonbzosaHuu MUA BeKTOp U3MEPEHHbIX NepeMeLLEeHUI {Dw} OpPMUPYIOT ANA Kaxaoro

MOMEHTA BPEMEHU C UCNOMb30BaHMEM BPEMEHHBIX peanusauuii BubponepemMelleHnii no 6.4.2.2.
5
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6.5.3 [na kawnon paccuutaHHon no 6.3 k -t popmbl coGCTBEHHLIX KoneGauwii onpeaensior
3Hauenne nepemelyenuss O,, no HanpaBneHuio 7 -ro M3MEPEHHOro nepemelueHus (cornacHo 6.4) un

cdopmupyior BexTop {®, } pasMepHOCTbIO 7 .
6.5.4 Wcxoaa u3s 3anaHHOTO YuCnaMm 1, YYUTLIBAEMOro B pacyete hopM konebanui, popmupyiot

MaTpuLy co6CTBEHHbIX BekTopos [®] pasmepHocTbio my, x 1.

M punmedvyaHune -— Yucno yYuUTbiBaeMblX B pacyeTe (bopM koneGaHuii mq) onpeaenAawT Ana Kaxaoro

pacyeTHOro cny4as MHAUBMAYaribHO Ha OCHOBE aHanusa crektpa co6eTBeHHbIX opM U YacToT KonebaHui, a Takke
BKMaja CTeneHu BNUSHUA Kaxzaon cobcTBeHHON opMbl B 06LLyt0 AUHaMUYecKyro peakuuto TC.
6.5.5 AnanornuHbiM obpasom cneayet (POPMUPOBATL MAaTpuULly MCKOMBIX ycunui/HanpspkeHui TC

[(Ds] PasMEPHOCTLIO My, X1 .

6.56 3apady uaeHTudukauuu pewailot no dopmynam  (4) unu (9) M onpeaensioT BEKTOP
0606LLEeHHbIX NepemeLLeHuit {d} obecnevmBaloWit MUHUMANbLHOE OTKIIOHEHME BEKTOpPA PAacqeTHbIX

nepemeLLeHuit {D} OT BEKTOpa M3MEPEHHbIX NepeMeLLeHUn {D*}
6.5.7 PacueTHble nepemeLyeHuns {D} onpeaensaioT no copmyne (1).

6.5.8 PacueTHble 3Ha4YeHUs yCunun/HanpskeHun {S} onpeaensiot no hopmyne (2).
Mpumep npumeHenus metoaa ouernku AHAC npocrenweii TC npuseaeH B NPUNOXEHUN A.
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MpunoxeHue A
(cnpaBo4HOE)

MNMpumep NPUMeEHEHUS MeToAa OLEHKN ANHAMUYECKOTrO HanpsXXeHHO-AeopPMUPOBAHHOIO COCTOSIHUS

A.1 NcxoaHble AaHHble npumepa

PaccmoTpuM BbIHYXXAEHHbIE YCTAHOBUBLLMECS KonebaHus TPy6onpoBoAa NOCTOSHHOMO CEeYeHUsl, pacueTHas
CXema KOTOpOoro rnokasaHa Ha pucyHke A.l.

A - LlapHMPHO-HENOABMXHAA ornopa Tpy6onpoBoa; B - LuapHUpHO-NoABMXHAA onopa Tpy6onposoga; | - pacctosiHue
pacnonoxenns macckl T oT neBoii onopbl Tpy6onposoga A P {t} = P - BepTuKanbHas cuna, feicTeyroLlias Ha
maccy T

PucyHok A.1 - PacuyeTHasa cxema Tpyb6onposoja

Ona pacuyeta nNpuHATBI  cnedylouwme  ucxogHble gadHble: L =277 wm; /=0,71m; T = 13Kr;
Z) =35Mm ;< =17mm; / =12Tu; W=3975 mm3.

A.2 OueHka AHAC

MpumeyaHue - O1a OLUEHKN AMHAMUYECKOTO HaMpsXXEHHO-AEe(OPMUPOBAHHOIO COCTOSIHUA TPY6GONpPOBOAa,
NpefACTaBNEHHOro Ha pucyHke A.1, UCMOMb3YHOT a/ITOPUTM COF/TAcHO pasgeny 6.

A.2.1 MocTpoeHue K3 moaenun

MocTpoeHne K3 mopenn TpybonpoBoAa BbIMOHAKT C NMOMOLLbI MporpaMmHoi cuctembl COMPASS [3]. Ans
MOZEenMpoBaHua reomeTpum Tpybonposoda MCMonb3yloT K3 B BuAE MPAMONVHENHbIX CTEPXHEN C Ha3HauYeHWeMm UM
COOTBETCTBYIOLMX XECTKOCTHbIX W WHEPLUMOHHbIX XapakTepucTuk. Bcero gna noctpoeHws mogenu Tpybonposoa
ncnonb3ytoT 15 ctepxHeBbiX K3. Mpy Ha3HaYeHWM rpaHMYHbIX YCOBUIA COracHo pucyHky A.l HasHauyatoT LapHUPHO-
HEMOABWKHYIO OMopy B Touke A 1 LiapHUMpHO-NOABMXHYIO ornopy B Touke B mogenu. Wtorosas K3 mogens
Tpy6onpoBoAa C yYeTOM Ha/lMuns COCPefOoTOYEHHOW Maccbl T MokKasaHa Ha pucyHke A.2.

N ] * * Q * * ] ] ] ] 1 ] 1 * £*

T

PucyHok A.2 - Wtorosass KO mogenb Tpybonposoga
A.2.2 OnpepgeneHne co6CTBEHHbIX (DOPM 1 YacToT KosiebaHuii

[nsa onpefeneHns cob6CTBEHHbIX hOPM 1 4acTOT KonebaHuii TpybonpoBoga MCNob3yT MOAY/Tb AUHAMUYECKOTO
aHanusa nporpammbl COMPASS [3], KOTOpblii peanu3yeT pelleHne 3afads Ha COOCTBEHHble 3HaYeHWs MEeToAO0M
uTepauuii B nognpocTpaHcTBe [1]. HaxogaT paBe nepBble ¢OPMbl M 4acTOTbl konebaHwii Tpy6onpoBoga W
COOTBETCTBYIOLUNE UM YCUUA/HANPSXKEHNS.
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Ipadomueckoe npeacTaBieHne pesynbTaToB pacyeta nokasaHo Ha pucyHke A.3.

antopa ycunuii/HanpshkeHnii gna opmbl Ne 1

PucyHok A.3 - ®opmbl konebaHnin n COOTBETCTBYIOLME VM 3MHOPbI YCUAWIA/HANPSKEHNIA

A.2.3 O6cnepoBaHne BUOGPALMOHHOIO COCTOSAHUS

Vicxofs U3 NpeAnonoXeHns, YTo aMNNTyAbl BUBPALMOHHLIX nepemelueHnii DI 6binn namepeHsl B nATM Toukax
no A/sMHe TPy60ONpoBoOAa Yepes paBHble PacCTOSIHUA W Ha onopax, T. e. o6uiee 4ncio Todek usmepenuss M —I1. Bektop

M3MEPEHHBIX NepemMeLLeHuii } dhopmMMpyT € NCNOMb30BAHNEM AHAIMTUYECKOTO BblpaXKeHWs 415 AUHAMUYECKOro
npornba 6asikn NOCTOAHHOIO CEYEHMS C COCPeA0TOYEHHOM Maccol OT BUOPaLMOHHOIO BO3aencTBus [4], kak

{a *}={0 -0,076175 -0,137311 -0,166252 -0,148928 -0,087676 O}

Ipaduk N3MEPEHHbIX NepeMeLLeHNit nokasaH Ha puUcyHke A.4.

KoopanHaTa Touku, M

PucyHok A.4 - Tpadivik M3MEPEHHbIX NepeMeLLeHui
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A.2.4 NpeHTudmkauma AHAOC

Tak Kak YacToTa BbIHYXAEHHbIX konebaHuii 12 Ty NexuT B MHTepBasie MeXAay ABYMsi NepBbIMU COOGCTBEHHbLIMM
yactotamu 7,3 Ty n 29,3 'y, gnsa naeHtmdmkaummn AHAC Tpy6onpoBoga MCNonb3yoT ABe nepsble hopMbl KonebaHui,

T. e npuHumaiT T = 2 .

Wcnonb3ys pesynbTatel, nosydeHHble B A.2.1, chopmupyem matpuiy co6eTeenmbix  Bektopos  [P]

pasmMepHOCTbio 2<T7:
(0] 0 0,130202 0,216398 0,236850 0,196883 0,110894 O

o
0 0,128404 0,043684 -0,21387 -0,37768 -0,29062 O

Ipadvk n3meHeHus cobCTBEHHbIX BekTopos {®7,}, cocTaBnstowmx matpuuy [¢ ], nokasaH Ha pucyHke A.5.

AMNANTYAA NePeMeLLEHNS TOUKU, MM

000 —1-i COBCTBEHHbIN BEKTOP- '}r{
oopAuHarta TOUKU, M

900—-2-/i CcOBCTBEHHbIN BEKTOP

PrcyHok A.5 - Tpacuk nameHeHus co6CTBeHHbIX BeKTOpoB {¢ , } n {¢ ,!

AHanornyHbIM obpasom opmpyeM MaTpuuly msrnbaoLmnx momernTos [¢ ]:

0 2948,17 4410,27 4000,46 3050,6 1651,33 0

K] 0 14870,35 12136,01 -7033,09 -17897,64 -14427,99 O
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Ipathuk U3MEHEHUs U3TMBAIOLLMX MOMEHTOB, COCTaBASALLMX MATPULy [dp Y], nokasaH Ha pucyHke A.6.

M3rnbatoLLmii MoMeHT, H 1

PucyHok A.6 - padhuk n3mMeHeHVss n3rnbatoLyx MOMEHTOB, COOTBETCTBYOLMX 1-/ 1 2-i dhopmam konedaHuii
Tpy6onposoga (CM. pucyHok A.3)

Mcnonb3ysa dopmynsl (6) 1 (7), onpefenstoT BEKTOP 0606LLEHHbIX nepemelleHnin {d }, Kak:

W= (Ne ])>Ne ¢}=

0 0 vi
0,130202 0,128404
0,216398 0,043684
0,236850 -0,21387
0,196883 -0,37768
0,110894 -0,29062

o (0]

0 0,130202 0,216398 0,236850 0,196883 0,110894 O
0 0,128404 0,043684 -0,21387 -0,37768 -0,29062 O

o}
-0,076175

-0,137311
O 0,130202 0,216398 0,236850 0,196883 0,110894 O

-0,166252
O 0,128404 0,043684 -0,21387 -0,37768 -0,29062 O
-0,148928
-0,087676
(e}
[-0,000646]
0,000058

Mcnonb3ya dopmynbl (1) 1 (2), onpeaensioT BEKTOP PacyeTHbIX nepemelleHnin {/)} u BeKTop pacyeTHbIX

yeumii (4, Kak:

10
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0 [0}
0,130202 0,128404
0,216398 0,043684
{£>}=[®M = 0,236850 -0,21387
0,196883 -0,37768
0,110894 -0,29062
(6] (e}

-0,000646]
0,000058

={0 -0,076774 -0,137375 -0,16543 -0,149028 -0,088426 O}1
0 0
2048,17  14870,35
4410,27  12136,01
M =[d M = 400046 -7033,09
3050,6 -17897,64
1651,33 -14427,99
0 0

-0,000646]
0,000058

={0 -1,049402 -2,152063 -2,991174 -3,002872 -1,898478 O}t

MToroBbllii rpadpuk M3meHeHust usrmbarowmx momeHtoB {$}, BO3HMKatoWMx B TpybonpoBode noj AelicTBUEM
BMOPaLMOHHOIO BO3AEWCTBMA, NokasaH Ha pucyHke A.7.

Koop,qleaTa TOYKU, M

PucyHok A.7 - padhmk n3ameHeHuss nsrmbawowmx momeHToB {-S'} B TpybonpoBoge nog AeincTBneM BUOPALMOHHON
Harpysku

BekTop HOPMasibHbIX HamnpshkeHuii onpegensoT Takke C WCNob3oBaHWeM qopmynbl (2), HO matpuuy [P

hopMUPYIOT M3 BEKTOPOB HOPMa/IbHbIX HanpshKeHWl, COOTBETCTBYHLUMX KaXKAON M3 ABYX YUUTbIBAEMbIX B pacyeTe
cdhopm KonebaHwii:

0 741,68 1109,51 1006,41 767,45 415,43 o]r
0 3740,99 3053,11 -1769,34 -4502,58 -3629,71 O
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Ipadmk N3MEHEHUS HOPMa/IbHBIX HANPSHKEHWIA, COCTaBAsAOWMX MaTpuuy [P , nokasaH Ha pucyHke A.8.

Hanps»keHue, MTMa

e e e —1-ii COBCTBEHHbI BEKTOP; KoopauHata Touku, M
2-li CObCTBEHHbI BEKTOP

PucyHok A.8 - Tpadhvk U3MEHEHNA HOPMaslbHbIX HanpshxeHwin ana 1-it n 2-i hopM konebaHuii (cM. pucyHoK A.3)

MTOroBbIf BEKTOP HOPMasibHbIX HanpshkeHwii {/S} onpefensioT kak

0 0
741,68  3740,99
110951  3053,11
M =[p M= 100641 -1769,34
767,45 -4502,58
41543  -3629,71

0 0

[- 0,0006461
0,000058 [

={0 -0,264 -0,541 -0,752 - 0,755 -0,477 o0}r

FpadmK M3MEHEeHVs HOpMa/lbHbIX HanpshKeHWi, BO3HMKaWMX B TpybonpoBode OT BMOPALMOHHOW Harpysku,
nokasaH Ha pucyHke A.9.

KoopAaunHata To4ku, u

PrcyHok A.9 - Tpadhvk N3MEeHeHN HOPMaslbHbIX HanpsHXKeHWid, BO3HMKaLWMX B Tpy6onpoBoge OT BUOPAaLMOHHOA
Harpyskm

12
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