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PeasiM3anus aBTOMaTU3MPOBAHHOU METOAUKHU
onpepaesieHUsA PU3UKO-MeXaHNUYECKHX XapaKTEePUCTHK
MaTepua/IoB Ha npuMepe Tpyo c IIIIY-OLUM usonanuen
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The implementation of an automated method
of determination of physical and mechanical properties
of pipe materials with polyurethane insulation
and sheath of polyethylene

MoxxApPoBCKHH B.B., Ky3bMEHKOB /I.C., IInibKO C.B.
Mazharovsky V.V., Kuzmenkov D.S., Shilko S.V.

[TokazaHa peasiv3alusi aBTOMAaTU3MPOBAaHHON METOJMKU HCCeJOBaHUs, Onpe/e-
JieHusl PU3UKO-MeXaHUYeCKUX CBOMCTB MaTepuasioB Tpy6 c [IIY-OLM usonsauuei
1 060s104ku [IU-Tpy6 Ha OCHOBe pa3pabOTAaHHOTO aJirOPUTMA U CO3JAHHOU KOM-
NbIOTEPHOU NMpPOrpaMMbl, CAeJlaH pacyeT U MOKa3aHO XpaHEeHHe Pa3J/IMYHbIX Xa-
paKTepUCTHUK cTaJbHbIX TPy6 III1Y. [IpoBeieHbl 3KCcIepUMeHTa/IbHble UCCIe0Ba-
HUS.

Kiwo4yeBble cJji0Ba: aBTOMAaTHM3UpOBaHHAasg MeTOJHKAa, CBOMCTBA MaTepHaJOB,
TPyObI C U30JISALUEMN.

The article shows the implementation of an automated method of investigation,
determination of physical and mechanical properties of pipe materials with polyu-
rethane insulation and sheath of polyethylene-on the basis of developed algoritm
and created computer program. It has been ccalcullated out and the storage of var-
ious pipe haracteristics is shown. Experimental studies. have been carried out.
Key words: an automated method, properties of materials, pipe with insulation.

BBegeHue

Bophb6a ¢ koppo3ueil U noTepel Temnsa B Tpy60ONpoBoiaxX TeINJ0CEeTH
YCIEIIHO pellaeTcsl ¢ MOMOIbI MPUMEHEHUEM CTaJIbHbIX TPyO C TemJo-
M30Ji5ilMeN B BUJE M30JUPYIOLIETO CJ0S1 U3 KECTKOro MeHONoJMypeTaHa
(TIIIY) B cnupa/IbHOBUTOW TepMETHUYHOW 00O0JIOUKE U3 TOHKOJHWCTOBOU
OIIMHKOBaHHOU cTaiu (ganee — Tpyonl c IIIIY-OIIM wusonsauuenn jgus
Ha/I3eMHOU NMPOKJIaJKU TPyOONPOBOJOB) U BHELIHEN THAPO3aLUTHOHN TO-
JIU3TUIEHOBOMU 060/104ku ([TH-mpy6bl) pnsi nmoA3eMHOM 6Ge3KaHaJIbHOU
npoksagku [1], [2].Tpy6a IIIIY aBaseTcsa 4O0CTaTOYHO MPOYHOU KOHCTPYK-
1Mel 6jarojapsi Xopollel aAresuy MexAy CTaJbHON TPy6OU, U30JUPYIO-
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M ciaoeM u3 1Y, a Takke cBsA3U Mexay neHonsactoM Y v BHelwiHeH
TUAPO3alMTHON MOJUITUIEHOBON 000J104KOM. J[J1s1 U3rOTOBJIEHUS TOJIU-
3TUJIEHOBOM O0O0JIOUKU HCHOJIb3yeTCs TepMOCBETOCTAOUIN3UPOBAHHBIN
MOJIMITUJIEH HU3KOTO JlaBJIeHUs BbICOKOM IJIOTHOCTU YepPHOr0 LjBeTa Map-
K1 273-79 Beicuiero U neporo coprta. [lokazaTesnm OCHOBHBIX CBOUCTB
TemJioBor usonasauuu tpy6 c IIIY-I13 ulonsuuend A0OKHBI COOTBETCTBO-
BaTb 'OCT 3073 . Tpeb6oBaHHA K TpybONMpPOBOJaM C OLIMHKOBAaHHOW 000-
soykor usnoxeHol B 'OCT 30732-2006 "Tpy6sl M dacoHHble HU3AENUS
CTaJIbHbIE C TEIJIOBOM HU30JIAILUEeN U3 MEeHOINoJMypeTaHa C 3allUTHBIM I10-
kpbiTUeM”. [IpoBeieHHE NPOEKTHBIMU OPTaHU3aLMSIMHU PAcYeTOB U JKCIIe-
puMeHTOB corsiacHo ['OCT pgJig TakuxX CTaJbHBIX TPyO NpejCTaBJAET [0-
BOJIBHO  CJOXHYIO 33aZlady, [03TOMYy BO3HHKaeT He00XOJAUMOCTb
pa3paboTKU NPOrpaMMHOr0 KOMILJIEKCa, MO3BOJISIONIEr0 aBTOMAaTU3UPO-
BaTh JAaHHbIN nporecc A 06os049ku [IU-Tpy6 u Tpy6 c [ITY-OUUM nuzonsa-
yuent [2]. Ucnonb3ys padpaboTaHHywo nporpammy [6], nokaxem peaJiusa-
U0  aBTOMAaTU3WPOBAaHHOW  METOAWUKH  ompejiejieHUuss  GU3UKO-
MexaHUYeCKHX XapaKTepUCTHK MaTepuasioB Ha nmpuMepe Tpy6 c I1I1Y-0LIM
M30JI5lMel U 000JI0OUKU TU-TPYO.

ABTOMATH3UpPOBAaHHAsA MeTOAMKA M aHA/IM3 pe3yJbTaTOB
onpegesieHUsA (PUINKO-MEXaHUYECKHMX CBOMCTB MaTepuasioB TpPyOo
c I[IITY-OIIM u3sonsanuen

Pe3ysibTaThl MCOBITAHUMA Ha CXkKaTtue nosmyperaHosoin (IIITY)
U30JIALUU

[leHOMo/IMypeTaH UCIOJb3YeTCAd B KadyeCTBe TeIJIOU30JIALMOHHOIO
MaTepuasa s tpybonpoBosoB no 'OCT 30732-2006. ABToMaTU3UpO-
BaHHasl MeTOJMKa pacyeTa MNPOYHOCTU MEHONOJMYPETAaHOBOU 000J0YKHU
BbINoJIHsAJIAach corsiacHo 'OCT Ha yka3aHHbIW MaTepUaJl.

[l aTTecTauuu AepopMaLMOHHBIX CBOMCTB TEIMJIOU30JIALUOHHOT 0
MaTepuaJsia Ha MalmruHe UHcTpoH 5567 (cM. puc. 4) 6blIU pOBeieHbl Me-
XaHUYeCKHe UCIBbITaHUS Ha cTaThdeckoe ckaTtue. OOpa3libl, BbIpe3aHHbIE
Y3 HAaTYPHOrO W3JeJivs, UIM(POBAJUChH 10 MOJIyYeHUs NMPU3MATHUUECKOU
dbopMbl Cc mapa/ijieJibHbIMKA TPaHSIMH, YTO 00OecneyuBajio NMpPUJIETraHUE K
OINIOPHBIM IJIUTAM MalUUHBL. HarpyxeHue ocyliecTBJIAN0Ch A0 OSABJIEHUA
BU/JIMMBIX CJIEJIOB pa3pylleHus B BUJe TPelMH ([Ji JaHHbIX MaTEPUaAJIOB
paspylleHWe pa3BUBaAJOCh NPU OTHOCUTEJNbHOU JepopMalUU CXKaTUSA
ceoimie 50 %). Ha pucyHke 2 nokasaHa ycpeJHeHHas 3aBUCUMOCTb, IO-
CTPOEHHAs1 C OTHOCUTEJIbHOM NMOTPENIHOCThIO, HE NpeBblilaie 6 %.
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MpodHoCTE MY NpK CRETHIA

Puc. 1. CxeMa aBTOMaTU3UPOBAaHHOW METOJMKH pacyeTa
npoyHocTH [IIIY-u3oa1M0HHOTO C104
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Puc. 2. YcpennenHas 3aBucuMocTsb «ycuiue (H)- nepemeiienue (Mm),
IOCTPOEHHOU 10 3-M AuarpaMmam

BbliM Takke MOCTPOEHbl 3aBUCMMOCTH «Hampsi>keHue - aedopma-
UsI», TpeACcTaB/JeHHble HA pUCYHKe 3. BUZHO, 4YTO yKa3aHHbIe 3aBUCHUMO-
CTH JIMHEWHBI 10 AebopManuu 5%, flajiee UMeeT MeCTO NIPUMEPHO MOCTO-
sSIHHOE 3HayeHUe yCJOBHOT'0 HaMNpsHKeHUsS (FOPU30HTAIbHBIA Yy4acTOK) 0
fedopmanuu 25-30 %. 3aTeM NPOUCXOAUT yKeCTOYeHUe MaTepuasa, ooy-
C/IOBJIEHHOE CMSTHEM Y 3aKPbITUEM MOP, UTO MPOSIBJISIETCSA B HEJIMHEHHOM
BO3paCTaHUU C)KMMAIOIIEro HaNpsKeHHUs.
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Puc. 3. YcpeHeHHast 3aBUCUMOCTbD «yCJI0BHOe HanpspkeHue (MIla) -
nebopmanus (%)» npu CKaTUHM TEMJIOU30JUPYIOLIEro MaTeprasia

[locsie cHATHSA Harpy3Ku HabJI0AAeTCA JIUIIb YACTUYHOE BOCCTAHOB-
JieHue GpopMbl 06pa310B, UTO BbI3BAHO HAKOILJIEHUEM OCTAaTOUYHBIX Aedop-
MalMi MMOoJI3y4eCTH U MJIACTUYHOCTHU TEIJIOU30JIMPYIOIero MaTepuasa.

Ha ocHOBaHUM 3KCIIepUMEHTAJIbHbBIX pe3yJibTaTOB Obljla peajn30Ba-
Ha aBTOMAaTU3WpPOBAaHHAasi MeTOJMKa pacyeTa Ha MNPOYHOCTb 0OPaA3IOB C
[IITY uzonsauuii (cMm. puc. 5).

III1Y do ucnbimaHuti nocse ucnblmaHuil

Puc. 4. [loaroToBka ¥ yctaHoBKa o6pa3uoB Ha MaiirMHe INSTRON 5567
JIJIsl CTaTUY€eCKUX UCIIBITAaHUH MaTeprasioB Ha pacTsKeHUe, CKaTue, U3ruo
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B[ Close
MPOUH. Ha cxaTWe npy 10%-Hol AegopMayuK I 65.0000
CpeaHee 3HAUEHWE NPOYHOCTH HA CXATHE I 711111

Puc. 5. Pe3ysibTaTel pacyeTa 1o aBTOMaTU3UPOBAHHOMU
MeTOJMKe aHa/In3a IPOYHOCTH NpHU cxatuu [Ty

PesysibTaThl onpeaeieHUA BOAONOIJIOUIEHUS TENJI0U30/ISIIUOH-
HOro MaTepuaja

WcnblTaHUs Ha BOAONOLJIOIEHHE MPOBOAUINCH B COOTBETCTBUHU C
['OCT 30732-2006. O6pasubl npuaMaTHieCKON GOPMBbI MOJy4aar Bbipe3a-
HUEM U3 TEeNJIOU30JIILIMOHHOTO MaTepuaJja C NOoCJeAyoIUM LJIMPOBaHU-
€M Ha HaXKJlauyHOH Oymare JJisl OoJIy4YeHUs IJIOCKOoNapaJsljiesibHbIX MOBEPX-
HOCTeW rpaHel. Maccy o6pasua omnpefensjii Ha 5-u  ob6bpasuax
B3BelllMBaHHWeM C TOo4HOCTbIO Jo 0,01 r, 06beM ob6pasia omnpeaeasiad C
TO4YHOCThIO 10 0,1 cM3 (cM. Tabu. 1, puc. 6). O6pa3zel BbIAep>KUBAJIU B Teye-
HYe 90 MUH B KUNALEW JUCTUJIMPOBAHHOU BOJie, a 3aTeM B BOJie C TEM-
neparypoi 20°C B TedeHue 60 muH. [locie ucTeyeHUda yKa3aHHOTO BpeMe-
HU C obOpa3na (UIbBTPOBAJbHOM OyMarod yJajsju KalJid BOAbI U
onpejesdanu maccy mi ¢ TouHoctbro o 0,01 r. Bopomnorsiomenue W, %
onpejessiiv o popmyJe:

W =M-100%,

Vop

rJe p - IJIOTHOCTb BOJIbI, T /CcM3;
mo - IepBOHavaibHas Macca 06pasiia;
m1 - Macca o6pasiia rocJie BblJIePKUBAHUS B KUIIAIEN BOJIE;
Vo — 06'beM 06pas1a, cM3.
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Ta6suna 1. IkcnepuMeHTa/lbHbIE JJAHHbIE JJIs ONpe/ie/IeHUs
BOJIOTIOTJIOLIEHHWS MaTepHasa
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Puc. 6. CxeMa aBTOMaTH3MPOBAHHOM METOAUKH pacyeTa
BogonorJoieHus IITY
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OnpepesieHue aAre3MOHHOM MPOYHOCTH COeJUHEHUS TEMJIOU30-
JMPYWILEro MaTepuajia C MeTa//INYeCKOU TPyOOu.

B cOOTBeTCTBUM C yCI0OBUSAMU MCNIBITAHUM HA CABUTL, IO HOPMaJIU K
TOPLLEBOM NMOBEPXHOCTH TEMJIOU3OJALUU MPU MOMOLIA MPHUCIOCOOIEHUSA
NpUKJIa/IblBaJIaCh CTaTUYECKasi Harpy3ka J0 HaCTYyIJIEHUS CABUra TeEMNJO-
V30JIIUHA OTHOCUTEJIbHO CTaJIbHOM TpyObl. Kak mokasasy OmbIThI, pa3py-
HIeHWe MMeJI0 MPEeUMYIECTBEHHO a/iIre3MOHHBIA XapaKTep, T.e. IPOUCXO0-
JIUJIO TI0 TPAHUIE MEX/]Y TEeNJOU30JlMed U MeTa/lJIN4eCKOU TPyoou C
HE3HAYUTEJbHBIMUA JIOKAJIbHBIMM OObEMHBIMU BbIPBIBAMU TEIMJIOU30JIU-
pylolllero MaTepuaJsa.

BrLi10 onpejesieHO MakCMMaJibHOe caBUrarliee ycunue N = 44297 H.
Ucxoasa u3 miowagu KOHTAKTa TEMJIOU30JISLUMU C MeTa/lJIMYeCKON TPyoOou
S = ndh, rpe d - npuameTp TPyOBI, h — IJIMHA KOHTAKTa C TENJIOU30JheN
110 OCH TPYOBI, MOJy4eHO 3HayeHue miaomaau S = 1554,3 cm2. Takum obpa-
30M, a/iTe3U0HHAs1 NPOYHOCTb NIPU CABUTE COEJUHEHUS KTEIMJIOU30SALUS —
cTasibHas Tpyb6a» coctaBusaa N/S = 28,5 H/cm?2 = 0,285 MIla. Ha pucynke 7
npeJcTaBjJeHa MeTOAMKAa aBTOMAaTU3MPOBAHHOTO pacyeTa NPOYHOCTHU TPYy-
ObI Ha CIBUT B 0CEBOM HallpaBJIEHUHU.
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Puc. 7. CxeMa skcliepuMeHTaJIbHOI'O UCCJIeJOBAaHUSA
Y pe3yJibTaThbl BbIYUCJIEHUA IPOYHOCTU HA CABUT

HEPA3PYIIAIOIINKA KOHTPOJIb U IMATHOCTUKA Ne 2, 2014 55



HAYKA U [TPAKTHKA

ABTOMATH3UpPOBAaHHAsA MeTOAMKA M aHA/IM3 pe3yJbTaTOB
onpeaeeHusa PU3NKO-MeXaHUYECKHX CBOMCTB MaTepuasioB [IU-Tpyo6

B KaudecTBe 06'beKTa HCNBITAHUM HCNOJIb30BaJaCh MeTa/IMYecKasi
Tpy6a Ct 219x6 1-IIITY-I13 I'OCT 30732-2006 (cM. puc. 8). lis onpeneJe-
HUS aAiT€3MOHHOW MPOYHOCTH KpemsieHus ob6osiouku c [IIIY Tpy6a paspe-
3as1ach Ha pparmeHThl (CM. puc. 9).

Puc. 9. Buzs ¢parMeHTOB TeNn0U30JMpPYIOLIEro MaTeprasa mnocJje
WCIIbITAHUS Ha cABUT. [[0BepXHOCTU pa3pylIeHUsI yKa3aHbl CTPeJKaMHU

UcnbiTaHUs HA pacTAXKeHUe MaTepuasia 060JI0YKHU

13 nosrMaTusieHoBoM 060104KkU [IU-Tpy6bl Bhipe3asiu U HIndoBaIU
Jl0 IPUAAHUA pU3MaTHU4eCKOU GopMbl 9 00pa3LoB B BUZE MOJTOCOK. [l
OlLlEHKH MaclITabHOro ¢gakTopa ObLIM HM3TOTOBJIEHBI 06pasibl 3-X THIIO-
pasmeposB (puc. 10).

[IpeaBapuTeibHO 06pa3ybl KOHAUIIMOHUPOBAJIUCH NIPU TEMIlEPAType
20+-2° C mo I'OCT 12423-66. Cnocob 3akpensieHUs1 00pa3Li0B Ha MallWHe
WHcTpoH 5567 noka3aH Ha pucyHke 11.
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Puc. 10. O6pa3siibl A5 NpoBeJeHUs MeEXaHUYeCKUX UCTIbITaHUH,
M3rOTOBJIEHHbIE U3 MOJU3TUJIEHOBOU TPyObI-000JI0YKHU:
a) 6oJsibiIKe 06pa3ibl; 6) 06pas3ibl 3-X pa3JIMUYHbIX TUIOPA3MeEPOB

Puc. 11. UcnbiTaHKe Ha pacTs:keHHe 00pa30B U3 060J109KU
[TU-Tpy6BbI
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B pe3ysnbTaTe ucnbITaHUs 00pasl0B Ha PACTSHKEHHE CO CKOPOCTBIO
20 MM/MUH OBLIU MOJIYYEHBI AUarpaMMbl JedOpMUPOBaHUS, TOKa3aHHbIE
Ha pucyHke 12. Bug o06pa3noB nocjie UCIbITAaHUS NTOKa3aH Ha pUCyHKe 13.
OTHOCHTe/NIbHOE yAJIMHEHUE U MpeJiesl TEKYYECTH NMPU pa3pbiBe OoNpeseis-
jivce 1o 'OCT 11262-80.

25

c A

s 20 I“I‘

3 — /)

S 15 |

i

¥ 10

-3 !

E 5

2 | L

0 200 400 600 800
Aedopmauyna, %
a)
- 30
S 20 S
% 10 {\ 1
z ‘ L L
£ 0
= o 100 200 300 400 500 600
- Aedopmauymn, %
6)

30
= 25
=
o 20 \
% 15 | \S==——
3;: 10
s s |

o

o 200 400 600 800 1000
Aedopmaunna, %

B)

Puc. 12. 3aBUCHMOCTH HanpsikeHUs OT AepopMalid MaTepUasia
000J104KH, M0JIy4YeHHbIe Ha 06pas31jax 3-X TUIIOPa3MepPOB: a) 6oJblINe
o06pa3iibl; 6) cpegHUe 06pa3iibl, B) MaJible 06pasiibl
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Puc. 13. Buz 06pa3LoB N0JU3TUIEHOBOU TPYObI-000/I04KHU MTOC/IE
HCIIbITAHHWS Ha pacTsKeHHe: a) 6osiblide o6pa3ibl (NeNe1-3), 6) cpeiHHe 06pa3iibl
(NeNe4-6), B) masible 06pasibl (NeNe7-9)

B pe3ysibTaTe 06pabOTKKU AUArpaMM PaACTSHKeHHUs] ObLJIMU MOJyde-
Hbl AedOopMalnMOHHO-NIPOYHOCTHbIE XapaKTEPUCTUKU MaTepuasa 060-
JIOUKH, TIpUBeZileHHble B TabJiulle. BUJHO, YTO 3HAYEeHUS HANPSIKEHUS
TEKY4eCTH U COOTBETCTBYMOIEeH AedopMalUu ABJASIOTCA JOCTATOYHO CTa-
OMJIbHBIMH. MaKCHUMa/IbHOE YJJIMHEHHE NPU pa3pbiBe UMeeT 3HAYUTE/Ib-
HbIM pa36bpoc (CM. BblJieJieHHble HU3KHe 3HAYeHUs YJIMHEHUS B TabJIHIle
2), 4TO, BepOSITHO, CBSI3aHO C HAJIMUMeM MHUKpPOoJieeKTOB MaTepHuasa, mpo-
SBJISIIOIIMXCS TTOC/ie 06pa3oBaHUs HIEWKHU B Ipoljecce pacTspkeHus. bosee
BbICOKHE 3HAUYEeHUSI YKAa3aHHOIr'0 MapaMeTpa MoKasalyd UCIbITaHUSA 06pas-
I[0B cpeHero pasmepa (NeNe 4-6 ta6siuinebl). Tem He MeHee, cpefiHee 3Ha-
YyeHHe MaKCUMa/IbHOU JlebopMallMy MPH Pa3pbiBe ABJISAETCA JOCTATOYHO
BbIiCOKUM (377,5 %). Ha pucyHke 14 npeacraBjieHa MeTO[MKa aBTOMaTHU-
3MPOBAHHOTO pacyeTa Ipejiesia TeKy4eCTH MaTepyuasia TpyOobl.

HEPA3PYIIAIOIINKA KOHTPOJIb U IMATHOCTUKA Ne 2, 2014 59



HAYKA U [TPAKTHKA

Tabauua 2. MexaHu4yeckue XxapaKTepUCTUKU MaTepUasa
0060J104KHY NIPU paCTSAXKEHUHU

Ne Jedopma- HanpsaxeHue | Makcumasb- Makcumaib-

06pas- I[Usl, HayaJia | JIaCTUYeCKO- | Hoe  yAJiMHe- | Hasd JAedopma-
TEKY4eCTH, ro Te4yeHHUd, | HUe IpPU pas- | Lud [pU pas-

1a % MlIla pbIBE, MM pbiBe, Y,

1 12,4 22,8 491,2 701

2 11,7 22,6 39,0 55

3 11,2 23,5 179,7 256

4 13,1 26,0 188,7 509

5 12,6 23,8 197,5 533

6 14,0 24,6 55,2 149

7 14,9 22,8 316,2 854

8 14,0 24,3 77,2 208

9 14,0 21,5 49,3 133
Cpennee
3HAYEHME 13,1 23,5 177,1 377,5

OnpejesieHUe VIOTHOCTU MaTepUasia 060/104ku [IU-TpyObI

Onpenenenue maoTHoOCTU npoBoAusiock no I'OCT 15139-86 Ilnact-
Maccbl. MeToj; omnpejesieHUsl MJIOTHOCTA (00'b€MHOM MacChl) METOJ0M
TMAPOCTAaTUYECKOrO B3BelIUBaHUA. [y onpeJesieHUs MJIOTHOCTU U3 000-
JIOUKU U MYy(PThI ObLJIM U3TOTOBJIEHBI 00pa3iibl B popMe mapaJijiesienuie-
J10B. [JIOTHOCTh METOZOM I'M/IPOCTATUYECKOT0 B3BEIIMBAHUS ONIPEE/ISIETCS MO
aBTOMaTU3WPOBAHHOU MeTOIUKe (CM. puc. 15).

e =——————————"[ naBHOe OKHO a _Ox
| CTankHele TRyae TNY  MA-TpyBbl  CMEHMTE pedih padoTel O Npomamme  Beixog
HamreHoEaHWE TRYbE MocTasiwmE, Hurarerp | MaoTHocTE matep. | Coasps#anme caskm | 1 m
| Tpytga Cr 159%4.5-1-NN4-M3 33600, NOAHMEPHEIX TRYS 250 1] 1]
p| Tpuda Ct 219:6-1-NMY-N3 33E00, NOAHMEPHEIX TRYS Kl 05478 268
Tpyfia Cr 273<7-1-NNY-N3 3EE00, NAAHMEPHEIX TEYG 400 a a
| TpyGa Cr 325:7-1-NNY-N3 F3E0, NOAHMEDPHEIX TPYS 450 1] 1]
Tpyda Cr 42647-1-NNY-N3 33E00, NOAHMEPHEIX TRYS 560 1] 1]
Tpyta Cr 530<7-1-NN4-N3 33600, NOAMMEPHBIX TRYG Falil o o El
M|4|b|H|+|—|A|f’ b2 ("l
= =———". Heob: 10 obpasLeBl) s a _ O X
Hau.nonepeuHoe ceueHWe oGpazLua,MM2 38.5
Paccuyurare
PacTar.Harpy3ka npd AocTHx.np.Tex. H 9000 MoeTopuTs
CoxpaHute
H | Close
lNokazarte
PUCYHOK
Mpeaen TEKYUECTH NPH PACTAXKEHUM |233-??

Puc. 14. BeruncieHnue npejesa TeKy4eCTU MaTepuasia Ipy pacTsSKeHU U
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=aE———————— JmnHeecniBVF" 00— . _ O X
CTaneHele TpyOe MNY  MH-TpyBel  CMeHWTE pestivm pafoTel O npompamme  Beixog
HaureHoBsaHHe Tpyde! MocTaBwWwwE, Dumaretp | MnoTHooTe Marep. | Cogep#aHie camu I'I'T|
p| MK TpyGa-obonouka 000 "Capraar T eprao-H HtMHApHH 5E0 09537 28 J
MW Tpufia-ofionouka 340 "3as0a noAuMepHER TRYE" 5 09478 268
Myara MK Teproycaivsastian 340 "3as0n noauMepHE:R TpYd" 200 09573
Myara MK Teproycaivsastian 000 "Capraar T eprao-H HtMHApHH 5E0 09537 28
Tpyda Cr 57«3-1-NNY-N3 3agon MonurepHer TpYG 125 ]
Tpyta Cr 76:3-1-NNY-M3 FEE00, NONHMEPHEIX TRYE 140 u] 1] El
v
- - e
|- Lemle|=|a] | <le]
- PacueTHOE OO eee—e———— & _ [ X
Macca o6pazua.r II],41 05
Paccyurats
II],BQQI]
Macca o6pa3ua c rpysoM B EOAE.T MoeTopute
Macca rpyza v noaBeca B BOAE.T ||]’g1 87 CoxpaHuTe
E 7| Close
Mokazarte
PUCYHOK
MNMAoTHOCTE MaTepuana I 0.3525

Puc. 15. OnpefiesieHre IJIOTHOCTH MaTepUaJsia MoJU3TUIEHOBOK 060J109KH

OnpepesieHHe NPOLEHTHOrO COJep:KaHUA CaXM B MaTepuasie
060s104KkH [IU-TpyO6HI
OnpefesieHUe NPOLEHTHOTO COZEpXKaHUA CaXU IPOBOAUJIOCH IO
['OCT 26311-84 llonvosnedunsl. Pe3yabTaThl NOJy4alOTCAd MO MOCTPOEH-
HOW aBTOMAaTU3UPOBaHHOW MeToAMKe. Hrxxe nokasaH npumep pacdera (CM.

puc. 16).

Jl1s mpoBeJleHUs1 WCIBITAHUU KU3 MaTepuasa 06os0uku [IU-TpyObI

OBLJIU U3

I'OTOBJIEHBI 06paSLU:>I.

Ta6suna 3. Onpe/iesieHre MPOIEHTHOTO COJlepP KaHHUs CaXKH

Ne Macca HaBeCKM MarTe- Macca ocTtaTka CopepxaHue caxu,
puaJia ;0 OTXKUra, T IocJe OT>KUra, I %

1 0,500 0,0115 2,3

2 0,500 0,0145 2,9

[IponieHTHOE coziep>kaHue caxku onpejiesisieTcs o ¢opmyuie (1):

rae mi— MacCa HaBE€CKH,
my — MacCcCa OCTaTKa.

n="2.1009%,

m,

(1)
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eV @B e0—/—m}m——— . _Ox
CraneHele TpyGe MNY  MH-TpyGEl  CueHMTE pedkik pafioTel O npomatme  Benog

HawureHoBaHWe TpYGb! MocTaBw e, Dumarerp | MaotHocTe Marep. | Cogepsane can | I ,T‘
Tpyda Cr 83x4-1-NNY-N3 ZAE00, NOAMMEPHEI TPYS 180 1] 1]
Tpytia Cr 108x4-1NM4Y-M3 3600, NOAUMEPHDEIX TPYG 180 o o
Tpyta Cr 1233x4-1N0N4-13 FAE0A, NOAMMERHEIR TPYEG 225 1] 1]
Tpyta Cr 1594, 5-1-NN4-N3 ZAE00, NOAMMEPHEI TPYS 280 1] 1]
Tpysa Cr 219+6-1-N1NY-N3 3AE00, NOAUMEPHELX TPYS kil 0.9525 227
Tputia Cr 273x7-1-N10Y9-M3 3aE00, NOAMMEPHEI TRYE 400 a a

KIl| B

-

mE— PAtICITHE O =——————— ~ _ [ X

Macca HaBecku.r
Paccuurate

Macca octatka,.r Il],l]1 16 MoBTOPHTE

CoxpaHuTe
B[] Close

Mokazarts
C PHUCYHOK

npULlEHTHEIE coaepxaHue caxu 2.27

Puc. 16. MeTouKa onpejiesieHUs NPOLLEHTHOTO
coJlep>KaHU s CaXKU B MaTepuaJie 060J04YKHU

Takum o6pasoM, copepkaHUe CaXM B MaTepuaJsle NOJHUITHUIEHOBOU
Tpy6bl coctaBasieT 2,3 %, yTo cooTBeTcTBYeT nyHKTy 4.1.4.1 CTB 1295-
2001.

3aK/ro4eHue

B pe3ysibTaTe BbINOJHEHHON pabOThbl pa3paboTaHa aBTOMAaTU3UPO-
BaHHasi MeTOJiMKa JiJisl OlNpejieJieHUs] M aHa/liu3a PU3UKO-MeXaHU4eCKUX
CBOMCTB MaTepuasioB Tpy6 c [II1Y - uzonsauuenn u o6os04ku [I1U-Tpy6; no-
Ka3aHa BO3MOXXHOCTb aBTOMAaTHM3UPOBAHHOU 0OPAOOTKU pe3y/JbTaTOB
CrelraJibHO MPOBeJeHHbIX 3KCIEPUMEHTOB HMCHbITbIBAEMbIX MaTEPHUAJIOB
no 'OCT, npu 3ToM pa3paboTaHHbIN aJTOPUTM JIONIOJHUTEJIbHO BKJIKOYaET
pe3yJbTaTbl HUCIOBITAHUS TMOJUITUJIEHOBOW M OIMHKOBAaHHOW TpPYyObI-
000JI0YKH U JIpyTrue CBOKWCTBA, KOTOPbIE XapaKTePU3YIOT PabOTy CUCTEMBI.

Pa3spaboTaHHbIN NOJX0J, JIETKO MOXXHO MPUMEHUTH HA APYTrUe Tpy-
O0MpPOBO/IHbIE CUCTEMBI, UCMOJIb3YIOI[UEe HOBble KOMIO3UIIMOHHbIE MaTe-
pUabL.
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