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VIIK 614.841.332

T1T" Kpyxoscruil, 0-p mexn. nayk, E.B. Kauxap, xano. mexn. nayx, H.B. I Pucopban
AHAJIM3 METO/I0B OTIPE/IEJIEHIS XAPAKTEPUCTHKY OTHE3AIIUTHOM
CIOCOBHOCTH OTHE3AINUTHBIX ITOKPBITHI METAJIIMYECKIX
KOHCTPYKIMIT

Hposegn anaius ocoGernocTelt it IpoGrem, BosHAKAOMIK TP HCTIOIB3OBAHHI
XapakTepPHCTHKI OTHE3ALHTHOM CIOCOGHOCTH OFHE3ALHTHAIX NOKPBITHIT MeTaLT
sxoaduux B JICTY B B.1.1-17:2007, a taxe OMPEICHBI Iy TH PEILeH s YTHX II

METOLOB O MpeiesieHus
MHECKUX KOHCTPYKIHH,
pobIen.

OI[HH.M U3 crocobon oSecne‘{eHHx OI'HECTOHKOCTH METALTHYECKIAX

SOHCTPYKIHMH SIBJIETCS NOKDBHITHE WX OTHE3AIHTHBIMHI Marepuanamu. [lia
WETAUTHHECKHX  KOHCTPYKUMH C 3a/aHHBIME NPEAETaMH OTHECTOHKOCTH He
FACCHHTRIBATE TEIIOBOS COCTOSHME STHX KOHCTPYKIUH BMecTe ¢ OTHE3alTMTHBIM
FOBEPXHOCTH KOHCTPYKIMIT IPH CTAHXAPTHOM TEMIEPATYPHOM PeXHME Harpesa,
ATHEBBIX MCTIITATEIEHBIX ITeYax.

B nacrosmiee Bpems s ormesarmurs METAITHYECKHX  CTPOMTET,
HETONB3YIOTCA TAKUE CrIocOBBI:
00CTORRPOBAKHE, OLITYKATYPHBAHIE, O0KIa/IKa KHPIHYOM;
00/IAIOBKA OOBEKTA OTHE3AIATE! MITHTO
SKPAHOB Ha OTHOCE;

HAHCCCHAC HeNOCPECTBEHHO HA MOBEPXHOCTb OrHE3a
HAIBUIEHHE H T. 11.);

CTPOHTENBHEIX
HIPOEKTHPOBAHMS
06XomIMO  yMeTh
U HOKPBITHAME HA
, HCIIOJIB3YEeMOM B

HEIX  KOHCTPYKIHH

UHBIMH MaTeprajiaMu WiId YCTaHOBKA OI'HE3alHTHBIX

[HTHBIX TOKPBITHIL (OKpacka, o6maska,

=OMOHHUPOBAHHEIT (KoMIO3UIHOHHEL)  c10co6, TIPEJICTaBISIOUIHH
COUETAHNE PASIIMYHEIX CrI0coGoB [2],

Cavemvi  s(dexTuBBME 1 HPOTPECCUBHBIME  ABAAIOTCS  CHOCOOE!  OTHE3ANMTH ¢
SpEMCHEHUEM BCIYUMBAIOIIAXCS OTHE3alIUTHLIX COCTABOB (HOBBXH.[H}OHIHX Tpenest OrHeCTORKOCTH
| WETAUIHYECKOH KoHCTpykmum 10 90 MEH), IITYKATYPOK (II0BBILIAIOMIIX Ipees OrHeCTORKOCTH
- WETZUIOKOHCTPYKMi 1o 180 mun u Goree) M OGNMLOBOYREIX OFHECTONKUX TIHT (no 180 Mun w
Sosee).

Ha pucynke 1 npusenems: sasmcmmocts TEMIIEPAaTypbl OT BPeMeHH
FEMIISDATYPHOH  KpHBOH  IOKapa (pucymox 1, xpuBas 1) u  usmenenue TeMIIepPaTyphl
WETAILTHYECKON KOHCTPYKIMH ~ ngyraspa Ne20 ¢  4eTHIDEXCTOpOHHHM oborpesom  Ges
ES3ALMTHOTO IOKPBLITHS (PHCYHOK 1, KpUBasi 2) ¥ ¢ OTHE3AUIMTHBIM nokpsitHeM «Heocrnpeiiy
meamEHOH 39 MM, KoTopoe ofecreunsaer TIPEACTT  OTHECTOMKOCTH KOHCTPYKHuH 180 Mun
pmcyHoK 1, kpuas 3). s PHCYHKA 1 BHIHO, 9TO Tpeen OrHecTOHKOCTH KOHCTpyKIMU Ge3
SEEDBITAS COCTARILACT BCETO § MUIL B PaiioNe 0CTU RS KpUTHUeCKOR Temieparyper S00°C, wro
EETEOCTPHPYET BaXKHOCTD HAIIYKS OTHE3ALHTIONO TIOKPLITHSL.

Ton  xapaxrepueTukoif OTHE3AUMTHOX  cmOCOGHOCTH  OrHesamuTHOIO HOKPBITHS
FUSDA3YMEBACTCS  3ABHCHMOCTH MEHHMAIBHON TOTIIUHE  OPHE3ALIUTHONO MOKPEITHS o

cobolt  pammonaisHOe

it c’ra}mapmoﬁ

o OT

FPEBSIEHHON TONNMHEL MeTAlTHYecKol cTemKku KOHCTPYKIHH Al JUIA PasHBIX 3HAYECHWH
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W 3aBMCHMOCTH TOJIIUHB! OIHE3ALIWTHOTO TOKPBITHS OT NPUBENEHHOM TONIIMHBL METANIA % |
PAsTMUHBIX 3HAYEHUH 1Ipesiesia OTHECTORKOCTH IPECTABICHHOMH HA PHCYHKE 2.
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PrcyHOK | = 3aBseuMOCTh TeMneparypsl OT BpeMeHH JUIM CTAaHIApTHOM KpHBOHK noxkapa (1) u
TeMIeparype!
OTHE3AATHAIM IIOKPEITHEM (3)

MCTAITIOKOHCTPYKIHK Oe3

OPHE3aIUTHOTO IOKphiTHA (2) © ¢
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PHLEYHOKZ* 3aBHCHMOCTE TOJII[HHBI OFHE3alUTHOIO IOKPBITHSA d,, oT npme}wﬂﬂoﬂ TOJIILIMHBL
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Metogsr - onpenenenit  ormesammTHON  crocoGHOCTH TOKDBITHH HA  METAIUTHYECKHX
OHCTPYKIMSAX XOPOIIO ONHCAHBL B JUTEPATYpe W OTOGPaKembl B paboTax M3BECTHBIX yueHBIX
Hosaxa C.B., Xapuenko I1.A., Kpykorckoro ILT., Crpaxosa B.JL. u xp.

AHAIU3 HOPMATHBHBIX IOKYMEHTOB Hokasalr, 4T B crasmaprax OCwenumenHo# Epomss
TPE/YCMATPHBAIOT HCIIBITAHMA HA OTHECTONKOCTb /11 Beex OCHOBHBIX 3JIEMEHTOB CTPOHMTE/hHBIX

. mucTpyKumit. B cootBercrBEE coO CcTanpiapramu Burocode 2 EN 1364-4 [3] «Mcnbrranng wa

OTHECTOMKOCTB  9IEMEHTOB, KOTOpBIE HeCyT Harpysky. Yacrs 4. Konomuem» u EN 1364-3 14]
| - «McmblTaHMe Ha  OTHECTOHKOCTH OJIEMCHTOB, KOTOphIC HeCyT Harpysky. Yacts 3. Crempiy,
| FCOBITAHUA [POMSBOJATCA HA YCTAHOBKE, KOTOpad KOMGHHHpYET HArpeBaTeNbuyio  Ieuh’ 1
FATPYKAIOIIYIO paMmy ¢ PHAPOIpHBOaoM. KpuTepueM orecroikocti KOHCTPYKLUH ABIIICTC Bpems

0 X PaspyLIeHUs [PH OTHEBOM MCIIBITANHH.

"B Poccun n Benapycu TPYIITY OTHE3AUMTHOH CIIOCOGHOCTH IIOKpEITHIL OIpeNessIoT
. womacio TOCT P 53295-2009 [5], me#crByromero ¢ 2010 roga. Cyrs MeToza membrraHuit
SEIONACICS B ONPENSIEHHH BPEMEHH OT HaYala TEIUIOBOTO BOSACHCTBHA, o CTaHIapTHOMY
FEMIEPATYDHOMY PEXHMY, [0 HACTYIUIEHHS NPENENBHOT0 COCTOHMS H0CTHRCHHA KPUTHIECKOH
FEMICPATYPBl  CTANBHEIX  00pasuos 500°C. VcmbitammeM Ha OrHECTORKOCT TO/UIAIOT  IBa
SEHAKOBBIX 06pasia. Jis 1OAroTOBKI 06pAsion HCIIOMB3YIOT CTAbHbIE KOTOHHET IBYTaBPOBOTO
sezerng No20 cormacko I'OCT 8239 [8] wm npopumr Ne20 Bl cor > TOCT 26020 [9].
TRTIMHHY OrHE3AIMTHOTO TOKPHITHS B FOTOBOM COCTOSHIN OIIPE/IEISHOT He MEHEE YeM B NEeCHTH
| TUmAX, KaK CpeAHee ApH(METHUECKOe 3HaueHHe THX PE3YIBTaTOB M3MepeHmii. lcibranus
OB/ Ges craTiuecKoli Harpysku o6pasnon mpu YONOBUM OIHEBOTO NEHCTBHS C 4eThIpex
STOPOH 0 HACTYINCHHS NPEIENBHOTO COCTOAHMA. OrHE3auuTHAS COCOGHOCTE  OKPHITHS
SEPSICIICTCA KaK CpeliHee apu(METHUECKOe 3HAYCHHE PC3yIETATOB HCTbITAHMT IBYX OJIMHAKOBBIX
Wfpmuos.  ONpefefieHne TIPyINbl  OPHE3AITHON crocobHocTH  cormacHo  [10] He maer
(ESO03HATHOTO OTBETA HA BOTPOC, — KaKyIo MHHHMATBHYIO TOJNIHHY OTHE3AUIMTHOTO MOKPHITHS
1 0 HAHECTH Ha CTAIbHYIO KOHCTPYKIUIO ¢ ONPEAC/IEHHOM TPHBEICHHOR TONMIHON MeTamma by
obecriedenns HEOOXOMMMOTO TIPE/ieNa OrHECTONKOCTH xoucTpykruu. Ilpusenesnan tommnuma
wawia b, =V/A, 910 OTHONEHHE MIOCKOCTH TONEPEYHOrd  CeUCHHS  METAaTHIECKON
PYKUMH J/ K BHEWHeH wacTi ero mnepumerpa Ap, KOTOPBII MOIZAETCS OrHEBOMY
weficTeuro [117].

B crpanax Esporetickoro Conpysectsa ana ONPCACTCHAS OTHE3AIMTHOR CIOCOBHOCTH
STHH JULL METAJIMYECKHX — HECYIX  CTPOMTEIbHBIX KOHCTPYKIHA — HCTIONB3YIOT
PEMCHTAIILHO-PACYETHBIH METOZ, KOTOPBI PeriaMeHTHPOBAN B CTAHIApTE [12]. Ouenupanne

HTHOH CTIOCOOHOCTH OIHE3AIATHBIX TOKPHITHH MeTAMLIHUECKIX HECYIIHMX CTPOHTENBHBIX
VKU 3aKTI0YACTCS B NOTYYEHHH 3aBHCHMOCTH MEHIMATBHOMN TONIL ML OTHE3AUMTHOIO

S OT IpHUBEJCHHOH TOMIMHBL Metamia (DHCYHOK2) M  HOPMHPYEMOTO mpezena
STOHKOCTH JUIA 3a/laHHON KPHTHYECKOH TeMUeparypsl MeTaita (paiee — 3aBUCHMOCTH).
SEHE KPUTHHECKOH TeMIepaTyphl ONpeerseTcs! NPOEKTHOM JOKYMEHTALHER B 3aBHCHMOCTH
MEDKH MeTalia (META/UIHYECKOTO CIUIaBa) W MPOEKTHBIX HAIpy30K Ha KoHCTpyKImio. B
e BiM ¢ [13] oTa Temneparypa gocturaer 500°C mua crams # 250°C JUIsl AITIOMHHHEBBIX

5. KomruecTso u pasvepbl 06pasioB 3aBHCAT OT cHocoGa 3amiaThl (maccuBHOe wuiH
0C  OTHE3AUWMTHOC [OKPBITHE) M BRIGOPA ONHOMO W3  METOLOB obpaborki
TEMEHTAJILHBIX JIAHHBIX OTHOCHTEIBHO OIIPEICTIEH S 3aBHCAMOCTH.

8 crannapre Vipaumer [1], neiicrsyiomero ¢ 2007 roma KOTOPBIH  COOTBETCTBYET
smsiickoMy cTanfapty [12], saBHCHMOCTS onpeenserca 1yTeM Harpesa o0paslioB B OrHEBOH
FpH CTAHIAPTHOM TEMIICPATYPHOM PEKHME TIPH YCITOBHAX, OINpeieNeHHRX B [13], u
7olel 06paboTKe NaHHBIX MCTBITAHUA PasTHYHBIMI MATEMATHUECKHMH IPOLCLYPAMH H

SOCTH IOKPBITHH, OCHOBAHHEIH H4 YTOYHEHHOMH nuddepeRImanLEOl  MOIEH  Temio-
MEE0CTH H 061116M TIOAXOAE K PELICHHIO OGpﬂTHLIX 3aja4q TeIIONPOBOMHOCTH, ](OTOpLIﬁ BOwIET
5207 [1] 3 H3NI0KEH B COOTBETCTBYIOIEM TIPHIIOKEHHIH.
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Onpezenense OTHE3AIUTHOM CIOCOGHOCTH TOKPBITHI HA METATUIYECKHX KOHCTPYKIHAX
KOTOpELE HanokeH B [1] MPOBOHTCS PASIIIHBIMH METONAME, B TOM HHCE 1 C TIOMOLIBIO PACUeTHO-
IKCTIEPUMEHTATEHOTO METO/Ia Ha OCHOBE PasiidHbIX MoJiernelf TETIONPOBOAHOCTH ¢ OCTOSHEBIMK
i TepeMeHHbIMH K0d(D(QHIHEHTaMH TeTIONPOBOAHOCTH. AHaii3 PEKOMEHIIYEMBIX B CTAHIApTe
METOJI0B Ul HEIKEHEPOB-IIPOEKTHPOBIIKOB HE /IAET HETKOH PEKOMCHAAIUN B BRIGOpE TOTO HITH
HHOTO METOAA ONpe/IeNeH s OrHECTONKOCTH MEeTALIHIeCKIX KOHCTPYKI, HE Olpefeiser
FPAHHIBI [PHMEHHMOCTH STHX METOIOB I HE YKASHIBACT MX TOUHOCTD, 9TO J€NaeT IPUMEHEHHE
CTaliZiapTa He OTTHO3HAYHBIM H 3aTPYIHHTEIHBIM JULT IPHMCHCHILA. .

TooTOMY, AKTYaNBHON 3anadci sSBIACTCS aHAIH3 ocoGerroCTell 1 mPOGIEM, BOZHUKAIOMIMX
nipyt ucnonpzoaniy CTapapra YIpauHeL [1] fum Ompexesiens XapakTepHCTHKA OrHE3aMHTHON
CHOCOBHOCTH MOKPHITHI METATTHUECKAX KOHCTPYKIMH M IyTeH peleHis STHX HpobrieM, 9To K
ABISIETCS UENbIO JaHHOH PabOTHL

B mpwrowennax cramjapra [1] Hnokeno 6 METOXOB ONPEAENCHHUA XapaKTePHCTHKH
OrHE3AHTHOH CIOCOGHOCTH OPHE3AIMTHOTO IOKPEITAS /UL METAIIIMTECKIX KOHCTPYKIHH.

X yCHOBHO MOKHO Pa3NelTh Ha TPYINIBI IO NPHSHAKy HCTIONB3YeMOH MaTeMaruyeckoi
MOZIEH  TIpONEcca  TEMUIONPOBONHOCTH B CHCTEME «IOKpHITHE — HCCITIETyeMble 00pasp 1
UPH3HAKY HMCIONB3YEMOro METofa  pelieHis ofparHoif 3ajadH  TEIUTONPOBONHOCTH L
OnpeIeen s TeNNo(U3NECKIX XAPAKTEPUCTHK OKPHITHIL. Ta rpynma YCHOBHO COCTOMT M3 3
METOJOB!

1. MeToxsl, » KOTOPEIX MaTeMaTH¥ecKas MOJEMb NPOLECCa TEIIONPOBOMOCTH i METOAL!
pemmenyis 0BPATHOM 3a1aui TEMUIONPOBOAHOCTH HE HCIOIB3YIOTCA. K TakuM METOZaM OTHOCATCH
METOJ [PaHUeCKoro anamisa i METOM YHCIIOBOH PEFPECCHH.

2. MeTofpl. B KOTOPHIX KCMOTB3YIOTCA YUPOUICHHBIE MATCMATHHECKAL MOXEIL Mpouecca
TEMITONPOBOIHOCTH T METOJB! PELICHIS 0OPATHOM 3a1a4H TEILIONPOBONHOCTH. K ‘Taxum MeTozaM
OTHOCATCS METOiIB pelieHns AHpPepeHIHANbHOI0 YPaBHEHHA.

3. Meron, B KOTOPOM HCIONB3YeTCs YTOUHCHHAS MareMarwieckas MOINENh nponecca
TEIUIONPOBOANOCTH 1 OB METOM PENICHHA OBPATHOM 3a1a9H TETIONPOBOHOCTH.

V3005 TIPEMMYIIECTBA U HELOCTATKH OTHX METOZI0B Goutee OAPOGHO.

Meton rpadieckoro anamiza. OLUEHHBAHAC IIPOBOAATCA MPH remueparype 350°C u Bpuze.
JlomKHO GhiTh WCTBITAHO MIHEMYM 18 KOPOTKHMX CTANBHBIX KOJIOHH, ecu HeoBXOAMMO, TO
OTIOMHHTENBHO TIO/BEPraor MCIBITARMIO § 0GpA3LOB. AJIOPHTM METONA COCTOUT M3 HPOCTOLO
pAQHYECKOTO NPENCTABIEHNS TOIYIEHHEIX HaueHIil B BUJE TOEK Ha 3aBHCHMOCTH (PHCYHOK 1),
a camM MeTol MOKHO OTHECTH K HYHCTO SKCHEPUMCHTANIBHOMY Ge3 MOMONB30BAHMS KaKHX-THO0
MATeMATHUECKHX  TIponenyp o6paborki. OOMacTs MPHMEHEHHMS  PE3yILTATOR Moxer  BBITh
OrpaHHYEHA TOTBKO TEMH 3HAMEHHMI TOUEK, KOTOPBIE MOy HCHEL.

Merox MHCI0BON Perpecciy HCTIONL3YeT JaHHbIE TEMIICPATy P! Ha ofpasuax, ux TOMIIHHEL
KO QUIMEHTE! CeYeHUs U BPEMCHH. Penenne JOMKHO IIPOBOMHMTBCS MPH TEMIEPATYpe 350°C u
ppime, J{o/mKEHO GEITH HCIBITAHO MUHUMYM 10 KOpPOTKHX. CTaIBHBIX KOJIOHH. Ecnn Heobxommmo, T0
TOMBEPraloT HCTBITAHMIO JIOTIOIHHTS/IBHO 8 wm 16 obpasmos. Komeusas Qopmyma B BHAC
perpecciu MOHSTHA 1 PEayusyeTcs ¢ TMOMOMIBIO TIOBM 1 BerumcIHTeNbESIX Ccpefl Taia Excel,
MathCAD, MatLab 1 1. . 1M TPOrPAMM, HATICAHHBIX C [OMOIIBEO A3BIKOB MPOTPAMMHUPOBAHUS.

Merox pemenns A depenuaiboro ypanHenus. B JaHHOM MeTONE C TepeMEHHBIMU
AHAUEHHAMH TCTIONPOBOXHOCTH H TETIOSMKOCTH OLEIMKA TPOBOMATCA BO BCeM JHATia3oHe
remitepatyp. B Merofe ¢ TOCTOSHHBIM HATCHHEM TEIUIOTIPOBONHOCTH OLEHKA TMPOBOIATCA TPH
temmeparypax 350°C u spume. [lpu 3TOM JOWKHO GBITh MCHBITAHO MHHEMYM 10 KOpOTKHX
CTANBHBIX KONOHH. EC/M HEOGXOIMMBI IONOTHUTENBHEIE TOUKH, TO HCXOMIEIC JAHHbIC JIOTKHBL
Ghith IOTIONHEHE! HembITarwsME 8 wim 16 06pasios. B ormx metomax (em. [1], mpunoxerne E, J)
ATTOPHTM BeCkMa TPYACH IS INOHHMAHIS, HACTO PACXOAHTCA, peanusyeres ¢ momompio [I9BM 1
ppucMTenbHbX cpen THna Excel, MathCAD, MatLab u T.J. M IPOrpaMM, HaNMCAHHBIX C
TOMONIBEO S136IKOB [POrpaMMupoBanis. JaHHBIH METOX, BEchMa TpUOAMKCHHEBIH  BCICICTBHE
HeOOKOIIMOCTH 3aaHHs TEIIOGMKOCTH OTHE3AUUTHOIO MATepraa (TerI0EMKOCTh MaTepHaa
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Jam@aeTcs KOHCTAHTOH M HE MIETCH) M 4acto OO CXOAMMOCTBIO aNropiTMa. MeTonuKa
[HO3BOJSET HAXOMHTH TOCTOAHHYIO TEMUIONPOBONHOCTL OrHE3AIHTHOO Matepuaia TONBKO IPH
Temmeparypax cppime 350°C. Beero B cramnapre [1] mpuBogsTCA 4 TAKHX METOAA, C HOMOMIBIO
KOTOPBIX TAKKE OMpENe/OTes TerIohH3NIECKIE XaPAKTEPUCTHKYE (I'@X-Tennohpomuﬁocn "
TEITOEMKOCTB) OTHE3ALIHTHBIX MarepHaoB.

B mpunoxenun K cranpapra TEIIONPOBOAHOCTh M TEILIOEMKOCTH ONPEASIICTCH KK
KOHCTAHTEI IPH TOMOIIH [ (hEpeHIHATBHEX YpABHEHMH MCTONIOM HAMMEHBIINX KBA/(PATOB, ATA
KOTOPBIX ~ CPEJHEKBATPATHIHOE . OTKIOHEHIA SKCHIEPHMEHTATBHBIX M PACHETHBIX ERECC
TeMIepaTyp Ha MeTajUTHMeCKOH KOHCTPYKIHH GyneT MEHUMATEHBIM. :

B npuioxensy JI TEIUIONPOBOAHOCTE H TEITOEMKOCTE OIPEAENSeTes Kak IepeMCHHBIC,
22BUCAILME OT TEMIIEPATYPBI, IPH TOMOLIH I depeHIMaTHBIX YPABHEHHIT METONIOM HAHMEHBIIIX
KBA{paTOB, AU KOTOPBIX CPe/HCKBajpaTHIHOe OTKIIOHEHHS SKCIIEPUMEHTATBHBIX U PACUETHBIX -
JHAYEHMH TEMIIEPATYp Ha METATHIECKOH KOHCTPYKIHH GyieT MHHEMABHBIM.

B nprnoskerun [ TEIUIONPOBOMHOCTS IOKPLITHA OTIpEIeNseTCs KaK NePEMEHHAs, 3aBHCAIIAs
oT cpenmeil TEMIEPAaTypE OrHE3AINMTHOTO noxpertEs. B AHHOM  METOMe  YMHTBIBACTCHA
HPOJOIDKUTENEHOCT,  M3OTEPMIIECKOTO  YHACTIA TeMIepaTypsl, Ha KOTOPOM —YMEHbIUAeTCs
snakuocTh. TeIIOEMKOCTs He ONPENENAETCs, ¢ 3HAIEHHe JOMKHO GBITE 33JAHO 3aKA3UHKOM
ACHBITAHUM, Bey Takue JaHHBIE OTCYTCTBYIOT, TOLIE spagenme C,= 1000 &/x/xr-°C.

B rmpunokensn E  TETUIONPOBOAHOCTE HOKPBITHS ~ ONPEASICTCA  KaK  KOHCTAaHTA.
TemI0eMKOCTh HE OTIPEEIIAeTCs, €€ 3HAUCHAE J0IKHO GBITD 3a/1AHO 3AKA3HMKOM HCIBITaRuH. Hem
Taxue JAHHBIE OTCYTCTBYIOT, TOTNA 3HAYCHHE C,=1000 klw/xr-°C. Jlnainason TemMneparyp, HpH
SOTOPOM OTPEENATCs TEIIONPOBOIOCTE, HATHHACTCA € 350°C 10 MAKCHMATEHOTO 3HAMCHUS.

B pabore [15] noxHumacs Bonpoc o [IPAMEHEMOCTH, a TaKiKe TOTPELIHOCTH HCTIOb 30BaHUA
. wetonos cramjapra [1]. Cmexyer oTMerHrb © OIHOH CTOPOHBL *HPOCTOTY ~AHATHTHUECKOTO
 wpasHenns (YHPOIIEHHOH MozenH) cTanfapra (NpHIoKeHue JI, E), 1pu mOMOIIH KOTOPOTO Gpumu

sonyuenbl KpHEBBIE JUIL TeMIEparyp Ha ofpasmax (pucyHok 3), a ¢ Apyroi CTOPOHBI HAMHMKE
SoBOIBHO GOJBIIUX MOTPELIHOCTEH 0 TeMIepaTypamM (110 1000 %), 0coberHO B 06MACTH MATIX
| speMen pemtennsl. BONBIINE OTPHIATCIBHHIE SHAUCHHMS TEMIEPATYp B OOJNACTH Mallblx BpeMeH
~pucyHOK 30) 0OBACHAOTCA TEM, UTO BIOPOE CIaTAeMOe CO 3HAKOM MUHYC B YDABHEHIH CTailapTa
 fmpunoxenne JI, E)  fuisi  OTHE3ANATHBIX Marepuanos (ocobeHHO  THla Getona, mubo
S53COKOTEILIONPOBOZIHEIX) [PH MANBIX BPEMEHAX POMCHHA puime mepporo craraemoro. IIpu
eEBIIAX  TOJIIMHAX OTHE3ALIHTHOIO TOKPBITHA, 6o upn  GOMbIUEH TOMILMHC MeTALIa
\sEpENATENIBHEIC TEMIIEPATYPhI OTCYTCTBYIOT (pucyHOK 3a).

T.°%C
600

0 20 40 60 80 100120 140160 180200220 f, Mur
a 73

_-HOK3* BaBMCUMOCTH TeMIeparyp Ha MeTalnne OT BpeMeHH C OrHE3ALIUTHBIM TTOKPBITHEM,
BBLIITOJIHEHHBIM U3 Berona
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CpaBueHHe XapaKTepHCTHK —OTHE3AIMTHOH  CHOCOBHOCTH TOKPBITHH  JUISL  [Ipejiesion
ornecrofikoctu B 60, 90, 120, 180 1 240 MEH TakKe TOKA3BIBAIOT JOCTATOMHO GONbIIME pasIHYus
(10 25%) mms mokpermus n3 Getona. CnemyeT Takke OTMETHTb, uTO TIPHMEHEHHE TaKHuX
YUPOLIEHHBIX MOZeNel ¥ METONMK PelleHMs oOpaTHBIX 3anad (mpunoxenwe [, E) mns anamusa
OIHE3AMMTHON CIOCOGHOCTH HOKPBITHS JAET YMEHBIIEHHE IOKPHITHS [IPH YMEHbIICHAH TOMHHEI
METaJla, 4T0 €CTh HEMpaBIoNOA00HEIM (PHCYHOK 4). '

do, MM T I
| | |
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Prcynok 4 — Orvesammias  crocofHOCTh  GETOHHONO  OIHE3AIUTHOIO HOKPBITHSA  TIpH
orgecroiixocty 240 MuH

Ha pueyrke 4 crutoimmeie KpaBble IOMYYEHbl TPH TPHMEHEHHN YIPOIIEHHOR MOZeIH H
metona penrenus obpariofi sajaun (npuoxenue K, JI), MyHKTHPHBIE — METON, H3TOKeHHbH B
upuoxkenssix [l E, cruiomsas ¢ MapkepoM — perpecenst (IpHIoKessie K).

Takne we normwaple # ¢ GONBINMMH UOTPEITHOCTAMH 3aBHCHMOCTH (pucynku 3, 4)
TIONYHAIOTCA MMEHHO B CBSI3H C HCTIOJL30BAHHEM YNPOLIEHHON MaTeMaTHuecKolf MOAE/H mporecca
TEIIOUPOBOLHOCTH M METONA perneHns oOpaTHol 3amadu Temnonpososocti. Kak ykassiaercs
8 [15] ynpomerye MoJe/i TerIONPOBOAHOCTH CBOTUTCS K JONYINSHMIO PABEHCTBA TEMIIeparyphbl
Ha TOBEPXHOCTH MOKPBITHSA TEMIEPATyphl B [E4H, 10 M MPUBOZMT K GONBUIAM TOTDEIIHOCTSIM
PpacueTa TEMIEPaTyp Ha METAIIHYecKkoM obpasie, 0co6EHHO B OGNACTH HAYAIBHOTO BpEMEHH.
B pacuérax ¢ OrHe3aWTHBEIM MATEDHANOM, HA OCHOBE THMIICA, OTHYUS XApaKTePHCTHK
OTHE3AUHMTHON ClIOCOOHOCTEH TOKPHITHIL CPABHHTENLHO HE Takue GOJbLINE, BOTe/CTBHE MeHbIIe
TETUIONPOBOHOCTH MaTePHANA TOKPBITHS,

MeTox, B KOTOPOM MCHONE3YeTCS YTOYHEHHAT MATEMATHYECKAT MOMENb Tiporiecca
TEIUIOUPOBOHOCTH | O0mmH  MCTOX  peIICHHA OBGDAaTHOH  3a1a¥é  TEmIONPOBOXHOCTH
(upunoxenne M) JmeHsl BeeX MEpevHCICHHBIX BBIIE HEZOCTATKOB. B mém HCIIONB3YeTCH
HENMHEHHOE YPABHEHHE TENUIONPOBOAHOCTH C HauGoIee IPABHIIBHBIME IPAHHUHIMA YCIOBHAMI 1
LapaMETPUYECKUM  [IPC/CTABICHHEM — TETNIOQH3MYECKHX  XAPAKTEPHCTHK  OTHE3AIMHTHBIX
MAaTePHAIOB  OT  TEMIECDAaTYpEl, a Takke nHanbojee TOUHBIH, NOHATHBIE M XOPOMIO
3APCKOMEHNOBABININ celsi OKCTPeMANLHEBI MeTOR pewenus ofpatHbrx 3amad. COMIACHO ITOMY
METONy HMUIYTCS Takue SHAYeHMa [ NapaMeTpoB CIUTAHH-IPEJCTABNEHHS TerIoU3MIecKix
XapakTeprCTHK OTHE3AUTHTHBIX MATCPHANIOB OT TEMIIEPAryphl, JULT KOTOphIx pacuéThsie (Ty) M
OKCTePUMEHTABEEIe (1) 3HAYCHNS SKCIEPHMEHTATBHBIX M PACYCTHBIX TEMITEpATYD CTAHOBATCS
GIMHBKUMH IPYT K APYTY.
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KpﬂTCpHEM GIM30CTH OTUX XapaKTepUCTHK HauboJIe. YacTo ABJSIETCS BEIMIMHA

@

me m— YUCIIO DKCIIEPUMEHTATILHEIX H3Mep€HHﬁ, HCHONL3YEMBIX JUTST PEIICHUS OﬁpaTHOﬁ 3aia4u;

§ — CpEHEKBAAPATHYICCKAs ONIHOKA H3MEPCHUSA.

DTOT METOJ  SBIISICTCSA Hauboyiee TOYHBIM U HMCIIOJIb3YCT HauMEeHbIIee KONUYECTBO
HCIBITYEMBIX 00PAsIoB, — B paGore [15] ykassaercs 1o 5 06pasLOB.

Takum  00pasoM, [POBEJECHHBIA  aHANIM3  METOJOB  ONPEICICHHL XapaKTePUCTUKH
OrHE3AMUTHON COCOGHOCTH OTHE3AIUTHBIX NOKPLITHH, COXEPKAUWXCA B CTatjapte [1],
TI0Ka3hIBACT CIIEe/lyIoIne 0COBEHHOCTH 1 HpOﬁHCML{ WX MCIIOJIE30BAHU:

1. CymiectByeT OZHOBPEMEHHO 6 METOZOB OMPEENCHHS XapaKTePHCTHKH OTHE3aIUTHON
CHOCOOHOCTH ~ TIOKPHITHH IIPH  OTCYTCTBHM  HCTKHX pexoMeHzanuit  obnactyu (nmanasona)
l'Ip](XMCHﬂM()CTH KaXKJI0ro U3 HUX. 5

2. Her OLICHOK HOPpeUlHOCTEﬁ 9THX METOAOB OHPGHCHCHI/UI XapakTepPUCTHKH 0T1'Iﬁ38JlIPl'I‘HOﬁ
cr10¢0GHOCTH ITOKPBITHH.

3. Her yeTkux peKOMEHIAIHH [0 BEIGOPY HEOOXOAMMOTO KOJHYECTBA HCIIBITY SMBIX oﬁpazuoia
B OTHEBBIX II€YaxX IPH HMCIIOJIH30BAHUM TOTO MM HHOI'O METOMA.

4. Wicnonb3yeMoe B yIPOIIEHHBIX METONAX PEINCHHIA JuhdepeHIEaIbHOro yPABHEHHs camo
AHATUTHYECKOE PCINEHHC MOXET ]IPHBO}lHTL K 3HAYATENLHBIM IIOTPEITHOCTIAM B BBIYHCJICHHH
remmeparyp Ha 00pasnax ¥ ONPENENECHHM XapaKTepHCTHKH OTHE3AMMUTHON  CHOCOBHOCTH
TOKPBITHH.

Hepequcnel—mme HpOGJIeMBX HCIOJIB30BAHUA  METOLOB onpez\eneﬂnﬂ xapamepnc‘rmm
0[‘H53B.[HHTHOT?! crnocoOHOCTH OTHE3AMUTHBIX HOI(prTI/Iﬁ npe}:(narae’rc;{ pemarb CHeLYIOMHAM
o6pazom:

1. PaspaboTars METOUKY KOJMMHYECTBEHHOIO aHaIH3a MOTPENIHOCTH BCEX O METONOB
OIpe/IeNentst XapaKkTePUCTHKH OrHE3AITHTHOH CrI0COOHOCTH OKPBITHI.

2. C 1OMOIIBIo pa3paboTaHHOH METOIMKH MPOBECTH OICHKY TIOTPEIIHOCTEH 9TUX METONOB
ONpE/IeNEHHs XapAKTePHCTHKH OTHEe3aIM THO C10COBHOCTH TTOKPBITHH.

3. OnpezenuTh PEKOMEHJAIMH IO BEIGOPY HEOOXOAMMOTO  KOJHYECTBA HCHBITYEMPIX
06})&3“&)3 B OI'HEBBIX lI€dax Ipu WCTIOJIB30BAHMH TOTO MJIM WHOr0 METO/IA.

4. Onpezenurp obnactu (MAanasoH) MPHMEHHMOCTH K&XKIOTO M3 METO/OB onpeneseHust
XapaKTEpPUCTHKH OTHE3AITUTHO CI10cOGHOCTH ITOKPHITHH.

5 B OHpE)}leJII/ITL Janason HPHMBHI’IMOCTH AHAIIMTHYECKOI'O pemenml B prOL[[eHHbIX B
MeTofax perer s A QepeRIuanbHoro ypaBHEH s i AHANason HOIPEMHOCTEH er0 IPUMEHEIHI B
BHMECIEHHA Temmeparyp ‘Ha oOpasimax M OTpE/ENeHHn XapaKTePUCTUKH OTHE3AIMUTHOH
CII0COGHOCTH TIOKPBITHHE.

6. Ha OCHOBAHMM TpOBEJCHHBIX HCCIE/OBAHKH paspafoTarh MeTOJHIECKOe nocobue I0
HCTIONE30BANMIO CTaRAApTa YKpauHsI [1], 1, BO3MOIKHO, IPEVI0NKEHH IO W3MEHEHHIO CTaHAapTa, ¢
LENBIO YIPOIICHHS €TI0 HCHOMIB30BARMS.

METOI[I/IKQ KOJIMYECTBEHHOIO aHanu3a Juarasosa ﬂpHMBHHMOCTH " ﬂOl"peIlIHOCTH METOAOB
OlpE/eNien s XapaKePUCTHKH OTHE3ALIHTHOH CTOCOBHOCTH OKDBITHI MOXKET COCTOATH M3
CIEJIYIONUX STAHOB, IPUBEICHHBIX B Tabmme 1.
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Tabnuua 1 — Merozst MPOBEJIEHNA HCCIeIoBaHMi 110 OIMPEACNICHUIO JHana3oHa NPUMEHUMOCTH K
TOTPENIHOCTH METOJIOB OIIPE/ICIICHMS XapaKTepuCTHKH OTHE3aHUTHOH CIoco6HOCTH

TOKPBITHIH
Ne
e HanmMeHOBaHHE STarta YTo HacT ero BBIIONHEHNEe
3aBHCHMOCTH TEMIIEPATYPHI OT BPEMEHH JULS
IIpoBenenye BHIYACIUTEILHOIO TOYEK TePMOMETPHPOBAHHS B 0Opasiax ¢
9KCIEPUMEHTA, IMUTHPYIOMIEr0 OrHEBBIC PasIYHON IPUBEIEHHOM TONUIMHOM 1
1 HCIBITanms 06PA3I0B ¢ BEIOPAHHEIM TOJIIEHON OTHE3AIUTHOTO IOKPHITHS (BCETO
OrHEe3aIMTHBIM IOKPBITHEM B IIEYd ¢ 12-15 xoMOUHALMI TONIIMH) IS
TIOMOIIBIO PCIIEHNS IIPSMEIX ONHOMEPHBIX |~ TOYHBIX JAHHBIX TEPMOMETPHPOBAHIA;
32449 TEIIONPOBOHOCTH. — BO3MYIICHHBIX C 3aJaHHOM Cirydaiisoi

OIIHOKOH JaHHBIX TEPMOMETPHPOBAHHSL.
TIpoBepka paGoTOCIIOCOGHOCTH ANTOPHTMA U
KOJIMYECTBCHHOE OIIPE/ICIICHIEe TEII0-
TIPOBOJIHOCTH ¥ IIPEJIeNa OTHECTOHKOCTH
OTHE3AMUTHONO TIOKPBITHS TI0 JAHHBIM
BBIYUCITUTEIBHOTO SKCIEPUMEHTA UL
— TOYHBIX JJAHHBIX TEPMOMETPUPOBAHS,
— BO3MYIIEHHBIX C 3aJaHHOM CirydaiHoO’

OImHUOKOH JAHHBIX TEPMOMETPHPOBAHHSL.
Konuwecrsennoe onpenenenne TOX 1
TpeJieNa OrHECTOMKOCTH OTHE3AIITHOIO
TIOKPBITHS 110 JIAHHGIM BBEITUCIIUTEIBHOIO

Onpejieense TemIONPOBOIHOCTH 1 TPEzena
OrHECTOMKOCTH OrHEe3allliTHOTO IOKPBITHSA C
2 | HOMOIIBIO €TANXAPTA IO JIAHHBIM
TemIIepaTyPHbIX H3MePEeHHii OXHHOUHEIX 1
BCex 06PasIoB OXHOBPEMEHHO.

Ornpeiesienye TeIoIPOBOAHOCTH 1 IIpenena
OPHECTOMKOCTH OrHE3aIIUTHOIO OKPBITHS C
HOMOIIBIO PENIEH S PAMBIX M 06PaTHBIX

3 SKCIEPUMEHTA JUIS:
32729 TEIUIONPOBOJHOCTH 110 TAHHBIM
; . — TOYHBIX JAHHBIX TEPMOMCETPUPOBAHIS;
TEeMIIEPATYPHBIX H3MEPEHHH ONHHOYHBIX 1 " PO
— BO3MYILICHHBIX C 3a/[aHHOH CIyqaiinoi
Beex 00pasioB OJHOBPEMEHHO. s
OImOKOM JIAHHBIX TePMOMETPHPOBAHHSL.
DopMyITEPOBKA KPHTEPHUEB CPABHEHUSA
METO/HK, AUAra30H IPUMEHIMOCTH 1
O60CHOBAHHBIE PEKOMEH/IALIAE O
[IOrpEIHOCTH IPUMEHEHHs, He0GXOAMMOT0
4 NPEMEHHMOCTH METOIHK LISl pacueTOB Ha

KOJIMYECTBA MCIBITYEMBIX 06PasIOB, BEIBOIOB
0 mpoxeNanHoi pabore, TpeGOBaHIH,
HPGLL'LXBMCMLXX K METOJIMKAM.

OTHECTOMKOCTE.

Peanusais HTANOB ONMCAHHON BBIIE METOJMKA BO3MOXHA HA OCHOBE PCIICHHST TaK
HA3BIBACMBIX METONMYECKHX (TECTOBBIX) 3ajlad CXEMa pPeajusally KOTOPBIX MpeACTaBicHa Ha
pucynke 4, B KOTOPBIX HATYPHBIH OKCICPHMEHT (MICTIBITAHHS) 3aMCHACTCS BBIIACIMTCIHHEIM
KCICPHMEHTOM, € TIOMOIIBIO KOTOPOTO MPEICTABIIETCS BOSMOXKHBIM TPOBECTH MCCIC/OBAILL 1
OTBETHTH HA BCE [OCTaBIICHHBIE BHIIE BOIPOCKHL.

B TeCTOBBIX 3ajaYaX IapaMeTphl MOJENM 3aj@Hbl M DCMICHUEM IPAMBIX  3a/ad
TEINIONPOBOIUOCTH  ONPEAENSIETCS — HECTAHOHAPHOE  TEMIEpaTypHOe  pacrpeniesierue B
ncenenyeMom ofbexte. 3areM MOTYYEHHBIE TEMICPATyphl HCKaXKAIOTCs, HMATHDYS oumbKn npH
M3MEPEHUY TEMIIEpATyp, W IO TeMIEparypam C IOTPeMHOCTIMM T(7)£7 obpaTHEIMU 3a/a9aMK
ONpeNeNSIOTCs apaMeTPbl MOJIENH ¥ CPABHEBAIOTCS C 3aJ@HHBIMH (M3BECTHBIMH) TIAPAMETPAMH.
310 JTABT BO3MOMKHOCTH ONPEIETIECHIs IAPAMETPOB MOEIN ¢ HEOOXOLMMOH TOYHOCTEIO, a TAIOKe
YCTAHOBHTH ~HEOGXONUMOE KONHYECTBO WUCILITAHMA JUIS  ONPENIENCHUs  XapaKkTepHCTHKH
OPHE3AMUTHOR CIOCOBHOCTH OrHE3AaIUTHOr0 MOKPHITHA. [lenecoo6pasHoCTh TaKkoro amainsa
IHKTYETCS. TAKoKe HEOGXOMIMOCTRIO OBECTIee s MAKCHMATTBHO BO3MOMHON HH(OPMATHBHOCTH 1
JIOCTOBEPHOCTH - [OMyYAEMEIX  HKCIIEDHMEHTANLHBIX JAHHBIX UPH MEHMMAILHO BO3MOXKHOM
KOJIMYECTBE IIPOBONAMBIX. 9KCTICPUMEHTOB.
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CpaBHEHHNE

TOX (4, cv), TV*

TOX (A, ev), IV
XapaxTepucTuKa
OTHE3AIUTHOH
C¢r10coOHOCTH
TOKPEITHL

MOJEJIb

(pemeHue IPAMBIX 3a/ay)

Peruenve
o6paTHBIX 3a1a1

Amnanuas
LI}’BCTBI/ITS.TILH() CTH

Pucynox 5 — CxeMa perienus TeCTOBBIX (MeTOZIIECKIX) 3a/aT

Taiv 06pasoM, NPOBENICHHBIA agamis ocoBerHOCTef 1 TPOOTIEM, BOIHUKAIOUNLX HPH
nemonmpzoparn JCTY B B.1.1-17:2007 st ompeeNenys  XapakTepHCTHIH orHe3amuTHOH
CIOCOGHOCTH TIOKPHITHI MeTATIIAYCCKAX KOHCTPYKIHi, TO3BOJIIL ONPEICHHTS MYTH HX peleHus,
OCHOBAHIHBE Ha TPOBEIEHHH ~BITHCIHMTICIBHOLO SKCIEpHMEHTa, © BMHTHDYIOWIEr0  OTHEBLIC
HCIBITARNS OOPA3IOB C BHIOPAHHEME OTHESAIIHTHLMA HOKPBITHAIME B TETH, W HCTIONb3OBAMIMH
STHX TAHHBIX (C BBEJCHHBIME IO PEIIHOCTIMA H3MepenHit) ULt CPABHEHHS 1 OTPCICICHI Tpauil
HPHMSHHMOCTI/I u Uorpeumom‘eﬁ STHX METO/I0B. Ha ocnoBaHUM HpOBCﬂeHHHX HCCH@HOB&HYIﬁ
‘[IPEICTABISCTCS BOSMOJKHBIM paspaGoTarh METOIMIECKOe H0coGHe TO HCIOJB30BARKIO CTAHAAPTA
VipanHeL, , BOSMOYKHO, TPEJUIOIKEHHA 1O CTO H3MEHEHHUIO.
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A.1.Xow’ax, T.M.Cropobazamsko, P.B.Knumacn,
A Mamsitiuyic

Cran i3 NOKEKAMH B MICTaX Ta CETHILAX MiChKOTO
Tumy Vipaisn y 2009 port.

M. 5. Omxioau, T.M.Cropobazamsko,
P.B.Knumacy, JT.A.Mamesiiiuyx

Crran i3 nOKeKaMH B CUIbCHKiH MiciiepocTi Vipainn
v 2009 poui.

I1.C.Hawkoscxuts, B.I Azees
Apapus Ha luaxre HM. A.D.3acanpKo:  Xapakrep
PASBHTHSL H YCIIOBHA JIMKBUAALIAIL €& TIOCNEACTBHUI.

1. C.Iawrosckuis, B.3.Bpiom

KoMIleKkcHas CHCTeMa KOHTPOISL M YHPaBNCHHA
TEXHONOTHUECKUMH npoueccaun TOPHOTO npons-
BOICTBA U TIPOMBIIUIGHHOH  0e30MacHOCTAI0
(VTAQ).

A.H.Cepebposeruit, B. IMununenxo

06 HCMOL30BAHMN MOJENH Jepesa OTKasoB TpH
OlleHKe BEpOSTHOCTEH MOiapos (B3pHIBOB) Ha TO-
TeHUMATEHO ONACHHIX 0BBEKTAX.

O.1.Kawyba, B.H.Meoseoes
[opbimense > QekTHBHOCTY MOHUTOPHHIA  Pyi-
HHUHOM ATMOC(EPBI.

A.B [los6uw, C.B.Hosax, FO.B. [{ugens
MeTomH OUIHIOBAHHS AKOCTI BOTHE3aXHCHOTO o6po-
GoHHs GyNiBENBHIK KOHCTPYKLUIH

B.B.Kaseuvkuit, B.1.32ypa
1LIoR0 OUIHIOBAHHS PE3YIBTATIB BUIHAUEHHS MOKa3-
HUKIB AKOCTI MACH BOTHEracHUKIB,

P.ILKpasuenxo

AHaJTi3 3ATANBHYX HACTAHOB MIOKO OUIHIOBAHHA KO-
pOiffHOI AKTHBHOCTI JIETKHX NPOXYKTIE ITOPSHHS
roMiMepHO} MPOYKLIL.

P.IKpasuenxo, B.B.Kosanenxo, I1.0.Innwuenio,
0.B.[{obpocman

JlocnimKeH A peakiil Ha BOrOHb Ta BOPHECTIHKOCTI
CHCTeM 3GipHIX MItH (LIHHONPOBOIR).

ILT.Kpyrosckuil, E.B. Kauxap, H.B.Ipuzopuvan
AHaNH3 METONOB ONpE/Iee s XapakTePHCTHKH Or-
HE3AIIMTHO CIOCOOHOCTH OTHE3ANTHTHAIX TOKPbI-
Ty METAJUTMUECKHX KOHCTPYKLU.

[1.1Kpyxosckuii, E.B.Kauiap, A.A.Kosanés,
B.B.Tpucopvan

TIpuMeHenHe BCIySHBAIOIEXCT OPHE3AIUTHBIX 1O~
KpBITHii JKENe300eTOHHBIX KOHCTPYKIHI NPH pas-
JIMYHBIX pe)l(HMGX TioKapa.
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