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Mpeancnosue

Llenun, ocCHOBHbIe MPUHLMMNbLI 1 OCHOBHOW NOPSA0K NPOBeAeHNs paboT No MeXrocyAapCcTBEHHON cTaHAap-
Tn3auum yctaHosneHsl FOCT 1.0—92 «MexrocygapcTBeHHasa cuctema ctaHgaptusanmm. OCHOBHbIE NOJsioXe-
Hua» nTOCT 1.2—97 «MexrocyfapcTBeHHas cuctema ctaHgaptusaumnmn. CtaHAapTbl MeXrocyAapCTBeHHble,
npasunia M pekoMeHAauuyu Mo MeXrocyAapCTBEHHOW cTaHzapTusauuun. Mopagok paspaboTku, NpPUHATMS,
NPUMeHeHUs, 0GHOBNEHNSA N OTMEHbI»

CBefieHUs 0 cTaHaapTe

1 NOATOTOBJ/IEH OTKPbLITbIM aKLMOHEPHbIM 061L,eCTBOM «Hay4HO-1ccnef0BaTeNbCKUIA LIEHTP KOHTPO-

NA W ANArHOCTUKWA TeXHWYEeCKMX CUCTEM» Ha OCHOBEe COOCTBEHHOrO ayTeHTUMYHOro nepesBoja CTaHAapTa,
yKa3aHHOro B nyHkrte 4

2 BHECEH locctaHgapTom Poccuun

3 NMPUHAT MexrocyaapcTBEHHbIM COBETOM MO CTaHAapTM3auuu, MeTponorum n ceptudmkaymm (npo-
Tokon No 22 oT 6 HoA6psa 2002 r.)

3a NPUHATUE NporosiocoBasin:

KpaTKOe HanMeHoOBaHWe cTpaHbl KOA CTpaHbl Cokpau.l,enuoe HanmeHoBaHWe HaunoHasbHOro opraHa
no MK (MCO 3166}004-97 no MK (MCO 3166) 004—97 no ctaHgaprTusayunu

AzepbaiigxaH AZ AsrocctaHaapT

ApMeHusa AM ApmroccraHgapT

Benapycb BY FocctangapT Pecny6nnkun benapycb

KasaxcTtaH Kz loccTangapT Pecny6nunkn KasaxctaH

Kbiprei3cTaH KG KbipreiscTaHgapT

Mongosa MD Monpgosa-CtaHgapT

Poccuiickaa ®egepauns RU locctangapT Poccum

TafKUKncTaH TJ TapKuxcraHgapt

TypKMeHUcTaH ™ Inasroccnyxba «TypkMeHCTaHAapT/iapbl»

YkpavHa UA loccTaHjapT YKpaunHbl

4 HacTtoAwmii cTaHAapT WAEHTMYEH MexayHapoaHomy cTaHgapty MCO 10112:1991 «MaTepuansl
aemndupyowme. paduyeckoe npefcTtaBneHMe KOMMEKCHbIX mogynei ynpyroctu» (1SO 10112:1991
«Damping materials — Graphical presentation of the complex modulus»).

CTeneHb cooTBETCTBUSA — ngeHTnyHasa (IDT).

HacTosawumii ctaHgapT naeHTnyed FOCT P UCO 10112—99

5 TMpukasom ®efepasibHOro areHTCTBa Nno TEXHUYECKOMY PEryIMpoBaHunio 1 METPOIOTUKN OT 24 anpens
2007 r. No 84-cT mexrocyfapcTBeHHsblii cTaHgapT TOCT MCO 10112—2002 BBefieH B feiicTBNE B KayecTBe
HaumoHanbHoro ctaHgapta Poccuiickoli ®egepauum ¢ 1 Hos6psa 2007 .

6 BBEAEH BIEPBBIE

WHopmanus o BBegeHun B gelicTBue (MpekpaweHun gelicTBusA) HacTosWero ctaHgapTa ny6auky-
eTca ByKasaTene «HauMoHabHble CTAH4APThI».

NHdhopmaumns 06 M3aMeHEHUsAX KHACTosAWEeMY CTaH4ap Ty Ny6/InKyeTca ByKkasaTene «HaumoHanbHble
cTaHAapTbi», a TEKCT U3MEHEHUA — B UHDOPMALMOHHBIX yKa3aTensx «HaunoHanbHble cTaH4apThl». B
cny4yae nmepecmoTpa UM OTMEHbl HacToAWEero cTaHgapTa COOTBETCTBYHOWaa MHGopmayma 6yneT
ony6nvnkoBaHa B MH(OPMaLMOHHOM YKa3aTesie «HaluoHabHble cTaHA4apThbl»

©CraHgapTuHgopm. 2007
B Poccwuiickoin ®egepauymmn HacTOALWMIA CTaHAAaPT HEe MOXET ObITb MNONHOCTLIO MM YACTUYHO BOCMPOUS3-

BEeH, TUPaXNPOBAaH 1 pacnpocTpaHeH B KauecTBe ouLIMansHOro nstaHus 6e3 paspelleHus degepasibHoro
areHTCTBa MO TEXHUYECKOMY perynMpoBaHuio U MeTpoiorim



FOCT NCO 10112—2002

CopepxxaHue
1 OOBMACTD MPUMEHEHMS e eeeetiit e e e e eeett e e e e e ettt e e e e e eeeeaaaa e e e e e eeeeaa e e aeeeeasaa e e eeeeeeaann e aeeeeesaan e eaeeeennnnnanan 1
2 ONPEOENEHUA N OOOBHAUEHMA ... e eeieiitieeeeeeeetet e e e aeeetta e e e e e eeete e e e e e eetesaaaaeeeeeesann e eeeeeseeen e eeaeeesnnnnnns 1
3 KOHTPOIID [BHHBIX . eeeeteiittee e ettt e e e et eee e e e e et et et e e e e e e et e s e e e e s e e es s e e e e e eeeesaba e e e e et eesaa e e eeeeeennaaeeeeenees 1
4 OYHKUMA TEMMEPATYPHOTO CMELELEHMIS ...uuiiiiiiiiiiiiiiieeeiiesseessasis s ss s ses s s e s ss s s s s ansassnnnnnes 2
5 TIPEACTABIIEHUE JAHHDBIX . .iiiiitiitee e e eiete e e e et et e e e e ee e et e e e e e e ae e e e e eeeeesaa e e e e e eeeas e e aeeennnaaaeeeaeenneanans 3
MpunoxeHne A COOTHOLIEHWNA ANA KOMMIEKCHOTO MOAYNA YNPYTOCTM ..uuiiiiiiiiiiiiaieiiiiie e eeeni e 7
TTPUNOXKEHNE B BUBTIMOTPAM M ettt ettt £ e e e e ettt e e e e e ettt e e e e e e eeseanaraeeeeesenanaeeeeeeennan 8



FOCT NCO 10112—2002

BeegeHune

JemndmposaHne — ofjHO U3 cpeacTB ocnabneHnsa sBubpauum B KOHCTPYKUMKU. JemncunposaHue npej-
cTaBnseT coboil paccesiHme BUMOPALMOHHON 3HEPrMM 1 NpeBpalleHre ee B TeMN/IOBYIO 3HepPruo B npouecce
pacnpocTpaHeHus konebaHuii. Ecnm TeXHUYecKn 3HaumMoe feMngupoBaHme UMeeT MecTo BHYTPM MaTepuana
KOHCTPYKLWK, Takoil maTepran HasbiBaloT Bubpogemndupyowmm. PacceaHne B BubpogemndupytoLiem ma-
Tepunasie 06yCn0BNEHO MEXMONEKYIAPHBIM B3aUMOAENCTBMEM MW B3aMMOAENCTBMEM Y3/10B KpUcCTanimyec-
KOW pelleTKn 1 MOXeT 6bITb OXapakTepu3oBaHO NeTnei rucrepesnca MexaHM4eckoro HanpshxeHuns (gedop-
mauun) B matepuane. [ipyrue BO3MOXHbIe NPUYMHBI eMNupoBaHns, Takme kak nnactuyeckue gecdopmaunm,
OTHOCUTENbHbIe NPOCKab3blBAHNS MW BO3AYLUHbIE 3a30pbl B COEANHEHUAX, aKyCTUYECKOE U3NTyYeHue Kose-
6aTenbHOW aHepruun, paccesiHne aHeprun BCAeAcTBe TOKOB PyKO, HACTOALMM CTaHAapPTOM He OXBayeHbl.

MexaHnyeckune cBolicTBa 60/bLIMHCTBA AeMNMUPYIOLNX MaTepuasoB 3aBUCAT OT YacToTkl, Temnepa-
Typbl, @ nNpy 60nblunx Aedopmaunax U oT amnauTyabl gedopmauun. MOCKONbKY HacTOSLWMIA cTaHAapT
pacnpocTpaHAeTcsa TO/MbKO Ha NMHEelHble ciyyaun, 3aBUCUMOCTb OT amnauTyAsl gedopmauun B Hem He
paccmartpusaeTcs.

OCHOBHOI 3afaveii HacTosWEero cTaHAapTa ABNAeTCa yayylleHne B3aMMONOHUMaHNA Mexay cneyuna-
nUcTaMmn pasfiMyHblX oTpacneil TEXHUKW, B KOTOPbIX UCMONb3YyeTCcs NOHATUE BUOpoAeMndupyloLero mare-
pvana.
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MATEPWANBI AEMMNOUPYIO LLNE
lpacmyeckoe nNpeacTaBfeHne KOMNIEKCHbIX MOy neli ynpyrocTtu

Damping materials.
Graphical presentation of the complex moduli

Jata BBegeHns — 2007— 11—01

1 O6nacTb NpUMeHeHUA

HacTosilwmii cTaHaapT ycTaHaBiMBaeT (hOpMy MpeACcTaB/iEHNs B rpadMyeckoM BUAE KOMMIEKCHOTO
MOZAYNA YNPYyrocT BS3KOYNpyroro Bu6poaemMndupyoliero matepuana, o61agatoLero CBoicTeamMmm ogHoOpos-
HOCTU (Ha MaKpOCKOMUYECKOM YPOBHE), MMHEHHOCTU 1 TepMOPEOIOruyecxoii NpocToThl (CM. NPUNOXEHWE A).
TakuMy KOMM/IEKCHLIMU MOAY/ISIMU YNPYTroCcTH MOTYT 6bITh, HAaNpUMep, Moay b CABUIa, MOAY b FOHra, MOAy b
06bEMHOI YNpyrocTM WAu noctosiHHas flame. [padimueckoe nNpeAcTaBneHue 3TUX (DU3NUECKUX BeMUUH
ABNAETCS O6LENPUHATLIM U B GOMBLUMHCTBE Clly4aeB MO3BO/SIET MOMYUYUTh OCTATOUHYH MHOPMAaLMIo 0
CBOICTBaX BUGPOAEMNIMPYIOLIMX MATepUasoB.

B npunoxeHun A onpegeneHbl NPeanoyTUTENbHbIE NapaMeTpbl Y CUMBOIbI, UCMO/b3YEMble A/1S Npej-
CTaBMIEHUS KOMM/IEKCHOrO MOAY S YNpPyrocTy.

2 OnpegeneHns n o603Ha4vYeHns

B HacToseM cTaHfapTe UCMO/b3YIOT crefytolne 0603HaueHns:

10 — koahULUMEHT noTepsb;

G — KOMMMEKCHbIA MOAYNb YNPYyrocTu.

Gu — abconTHOE 3HaYeHVe KOMMIEKCHOro MOAy s YNpyroctu;

Gr — pgelicTBUTENbHAA YaCTb KOMMNIEKCHOr0 MOAY NS YNpYrocTu;

G (— MHUMas 4yacTb KOMMIEKCHOro MoAyns ynpyroctu;

a7(T) — yHKUMA TemnepaTypHOro CMeLLeHNS;

T— Temnepatypa;

t— Bpewms;

f— umknuyeckas yacrtota,

LI — YyrsioBas 4acToTa;

R — npvBeAeHHOe Bpems;

fR— npuBegeHHas UMKIMYeECKas 4acToTa;

toR — npuBefeHHasn yrnosas 4acrtora.

MosicHeHVe TEePMUHOB 1 0603HAYEHUI, NCNONb3YEMbIX B HACTOALWEM CTaHAapTe, faHOo B Npuo-
XXeHum A.

3 KOHTPO/b AaHHbIX

B HacTosAweM cTaHfapTe npeanofiaraeTcs, YTO BCE 3KCNEepUMeHTasbHble JaHHble, CBA3aHHble C KOM-
NNEeKCHbIM MOZYNEM YNPYrocTu, NoJTlyYeHbl B COOTBETCTBMM C XOPOLLIO 3apeKOMeHA0BaBWMMMY cebsi MeTohamu
(cm., Hanpumep, (1)). Tem He MeHee, Llenecoo6pasHo OCYLLECTBAATL KOHTPO/b 4OCTOBEPHOCTU fAaHHbIX. Ans
3TOro cnepyeT, Mo KpaliHeli Mmepe, NOCTpouTb rpaduk 3asmcumocTtu Ig nGoT Ig Gu (cm. B KayecTBe npumepa
pucyHok 1). Ecnv gaHHble COOTBETCTBYIOT TEPMOPEO/IOrMYECKN NMPOCTOMY MaTepuasny, noslydyeHbl B OAHOM
mMacwTabe 1 B HAX He HabOLAeTCs 3HAUMTENbHOrO pasbpoca, Tor4a 3Tu aHHble Ha rpaduke 3aBUCUMOCTH
[O/DKHBI 1eXkaTb Ha HEKOTOPOi NIaBHOW KPUBOWA.

V3gaHue opuymnansHoe
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PucyHok 1— lpoBepka KauyecTBa JaHHbIX

Kaxgas Touka Ha 3TOi KpMBOI COOTBETCTBYET OAHOMY 3HAUYEHWIO NPUBEAEHHON YacTOThl [cM. hopmyny
(A.6)]. OgHako caM rpadmk He nNpeAHasHa4veH Ana onpejeneHns aHHoN BennunHbl. KoadduuneHT noteps B
maTepuasne 1 abco/loTHOE 3HaYeHWe KOMMAEKCHOTO MOAYNS YNPYrocTu CBsi3aHbl Mexay coboli napameTpu-
YeCKOI 3aBMCUMMOCTbIO Yepe3 NMpUBEAEHHYI YacToTy, KoTopas (Tak Xe, Kak 1 yacToTa, U TemnepaTypa) He
npucyTCTBYET Ha rpadivike B SBHOM Bufe. Hu B Kakoil YacTu pa3bpoc B faHHbIX Ha rpaduke He MOXET ObITb
OTHeCeH Ha cyeT (PyHKLMM TeMNEPATYPHOrO CMeLLeHNS.

Ipauk 3aBUCMMOCTN KO3(hduLMeHTa NOoTepb OT KOMMIEKCHOr0 MOAYNs YNpyrocT, NOCTPOEHHbIV B
norapumuyeckom mMacwtabe, moMoraeT BbISBUTb LEHHYIO MH(OpMaLMIO 0 pa3bpoce B 3KCMepUMeHTaIbHbIX
JaHHbIX. 3TOT pa3bpoc MOXeT BbiTb OXapakTepn3oBaH LUMPUHON MO0ChI, B KOTOPOI NexaT faHHble, a Takke
BblOpOCcamy 0TAe/IbHbIX TOYEK OTHOCUTENIbHO CpefHel NMHUN NoNoCkl. HACKONbKO AaHHbIl pa3bpoc 4onycTum,
3aBNCUT OT KOHKPETHbIX MpunoXeHuii. Mo AaHHOMY rpadmKy, OfHAKO, HMYEro Henb3s y3HaTb O TOYHOCTM
N3MepeHnii TeMnepaTtypbl U YacTOThl, & TakkKe 0 HaMYMN Kakux-mbo cucTeMaTUyecKmx oLwmnboK.

4 ®YHKUMA TEMMNEPaTypPHOro CMeLLeHs

[JlaHHble 0 KOMMNEKCHOM MoAy e YNpyrocTu, ecain OHW NONyYeHbl BO BCEM 3KCMEepMMeEHTaNbHOM Anana-
30He TemnepaTtyp ¥ 4acToT, onpeAensoT YHKLMI0 TeMnepaTypHoro cmeleHns «r (7) (npy ycnosuu, 4to ata
(hYHKLMA eANHCTBEHHAS).

PekomeHpayeTcs, 4TOGbl A1 BCEro aKCMepuMeHTaNlbHOro gnanasoHa TemnepaTyp Obiiv NOCTPOEHSI
rpatmkmn Tpex BeIMYMH, CBA3aHHbIX C (hYHKLMEn TemnepaTypHOro cMeLleHuns, KoTopble Hanbonee LWMPOKO
MCMONb3YTCA B MPAKTUYECKUX NPUNOXEHUAX (CM. B Ka4eCcTBe NpUMepa pPUCyHOK 2):

- camoWi yHKUMKM TemnepaTypHoro cmewieHns « I (T);

- ee yrnosoro koapguumeHta d\g a ntdT;

- MOJIHOW 3Heprum aktueauumn AHA [2].

MocnefHI00 BEMYMHY ONpeAenstoT no gopmyne

NHp =2,303RT2d(\g <ldT. )
roe R — YHUBepcasibHada rasoBasd NnocTtoAHHas:

R =8,314 Ak K-1monb-1 @)



FOCT NCO 10112—2002

otoOrw ttr

Temneprryp*. K

PUCYHOK 2 — ®YHKLMS TEMNEPaTYPHOro cMeLLeHus

5 TpeacrtaBneHue AaHHbIX

5.1 Tpaduk npuBeEeHHON YacTOThI

[aHHble AN KOMMIEKCHOro MOAY NS YNPYrocTu npeAcTaB/ieHbl Ha pucyHke 3. BAONb BepTUKanbHOR ocn
OT/IOXKEHbI B IorapudMmyeckom mMaclitabe geiictButensHas GRu MHuMas G, yactvu Mogyns ynpyroctu. MMa.
N 6e3pasmepHbIl KoadhduLuneHT notepb NGe BAonb ropu3oHTanbHON OcK B norapumMmyeckom macwtabe
0T/I0XeHa npuBefeHHasa unkanyeckaa yactora R, .

MpuBeaeHHyto YacToTy fR,Ana /- akcnepuMeHTanbHOW TOUKV OnpeaensoT no opmyne

fR=f,aT(T), ®3)

rae ~— 4acToTa, COOTBETCTBYHOLAS *#1 9KCNePUMEHTa/IbHOW TOUKe;
Tt— Temnepatypa, COOTBETCTBYHOLLAA /-1 3KCNEPUMEHTANLHON TOUKE.
5.1.1 TemnepaTypHble NUHUN [X0yHca
MpaBas WKana B norapuPmMmnyeckom maclitabe Ha pucyHke 3 COOTBETCTBYET LMKINYECKOl 4vacToTe f,
lu. HepaBHOMEPHO Pacno/IOXeHHbIe AnaroHasbHble NpPsAMble IMHUN NOCTOSAHHOW TeMnepaTypbl, COOTBETCT-
Bytowne popmyne (A.5) 4nA nepemMeHHbIX B 1orapumMmnyeckom macwtabe

lg/* =1g flg a r <7-). (@)

COBMECTHO C TOpPMU30HTaNIbHOW OCbI0 MPUBEAEHHONR YacToTbl M BEPTUKAILHOW OCbl0 4YacTOThl, COCTABASAT
HOMOrpamMmy «TemnepaTypa — 4acToTa — MpuBefeHHas yactoTa» [3.
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PucyHok 3 — T'paduk KOMMIIEKCHOrO MOAY /s YNPYrocTu AN NPUBeAEHHOR 4acToThl

BbibmpatoT 3HaueHns Temnepatypbl T, K. oTcTosWMe ApYr OT Apyra Ha HEKOTOPOe NPUHATOE 3HaYeHue.
PaccTosHMA Mexay NpsiMbIMU [IMHAAMKU NMOCTOSHHOW TeMnepaTypbl 3aBUCAT OT (DYHKLUU TemnepaTypHOro
cMeLeHns. YUncno gmaroHanbHbIX IMHWIA JO/HKHO 6bITh TaKyM, YTOObI MOKPbIBaTh BECH AMana3oH 3KCNepumMeH-
TaNbHbIX Temnepartyp, — 3T0 N03BONsAET U3bexaTb HENPeayCMOTPEHHON (M YpeBaToli cepbe3HbIMU OWnbKa-
MW) 3KCTpanonauun.

B npegenax AnanasoHa 4acToT IKCNepuMeHTa gnaroHasibHble N30TePMbl NOKa3aHb! CM/IOWHbIMU JINHNA-
MU, a BHe 3TOro AnanasoHa — NyHKTUPHbIMU. 3TO onpeensieT AMana3oH U3MEHEHUs NPUBEeAEHHON YacToThl,
KOTOpPbI U3MEHAETCA OT IMHUUN HU3LWeEl TeMnepaTypbl U MaKCMMasibHOM 4acTOTbl B NPaBOi YacTu LWKasbl A0
NIVHUK BbICLLEW TemnepaTypbl U MUHUMaNbHOW 4acToTbl.

Mpumep

Wcnonb3ys paHHble, NpeAcTaBneHHble HA pucyHke 3, BBeAEM 3HayeHue yactoTbl 200 'y Ha npasoii
BEpPTMKa/IbHOM LIKane U 0T TOYKM, COOTBETCTBYHOLW el 200 'y, NpoBefeM ropM3oHTasIbHYH JINHKIO A0 nepece-
YeHUsi C AMaroHasnbHO NpsAMol, cooTBeTCcTBYHOLLel 295 K. Touka nepeceyeHuns onpegensieT 3HavyeHne npu-
Be/leHHOW yacToTbl 600 I'y. BepTukanb Ha 3TOW NpMBEAEHHON YacTOTe NepecekaeT KpMBble faHHbIX B TOUKaXx,
COOTBETCTBYHLMX 3HAYeHNsaM 115 MIMa ans aelicTBUTenbHOM yactu. 53 MMa gna MHUMOR YacTu U 3HAYEHUIO
Ko3hhuLMeHTa NoTepb, onpeaeieMoMy Mo IeBoi BepTuKabHO Lkane. 0.53.

5.1.2 Tpaduk «nepeBepHyToe U»

Te Xe faHHble ANA KOMMJEKCHOro MoAynsa ynpyroctv G npefctaBfieHbl Ha puUcyHke 4. rae nesast
BepTMKanbHasa norapugmmnyeckas Lwkana COOTBETCTBYeT 6e3pasMepHOMy KOo3adhuUumMeHTy noTepb nQ, a no
ropyn3oHTanbHON norapnMmUyYecKoi ocx OT/IOXKEeHA AeCTBUTEIbHASA YacCTb KOMMIEKCHOrO MOAY NS YPyrocTu
G,,, MNa.

PucyHok npeactaBnsieT coboit HOMorpammy, ocHoBaHHy Ha chopmyne (3) [4].
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PucyHok 4 — I'padhuk «nepeBepHyToe U» ANA KOMMIEKCHOTO MOAYNSA YyNPyrocTu

Mpumep

Beegem Ha npaBsoii wkane 3HaveHne 200 'y 1 OT Touku, cooTBeTCcTBYOWen 200 u. NpoBeAeM ropn3oH-
Ta/IbHYI0 IMHUIO A0 NEepeceyeHust ¢ KprBoW, COOTBETCTBYIOW e 295 K: OT TOUKM nepeceyeHus npocnepyem
BHU3 1 MPOYMTAEM Ha FrOpM30HTaNbHOIM ocn 120 MMa. nocne 4yero NPoAO/MKMM BepTMKalb BBEPX 40 nepece-
YeHUs1 ¢ KpMBOWM AaHHbIX. [MpoBeAs ropuM3oHTaslb OT TOUKU NepeceyveHns A0 NeBOl BepPTUKa/bHON LKasbl,
noayymmM 3HadyeHme KoappuumeHTa noteps 0,53.

5.2 AHanuTuyeckoe npegcTaBsieHUe AaHHbIX

B psage 3agauy onpefeneHHble yaob6cTBa obecneymBaeT annpokKCMMauusi MOAYYEHHbIX AaHHbIX 418
(PYHKUUN TemnepaTypHOro CMelleHUs U KOMMJIEKCHOro MOAY/NS YNpPyrocTM HEKOTOPbIMU aHauTUYecKUuMun
KpvBbIMK. M0O3TOMY, MOMMMO rpadyeckoro, peKOMeHAyeTCcs Takke aHaIMTUYecKoe npescTaBneHne JaHHbIX
(Hanpwumep, B BUAe Tabnuy, 1 un 2).

Tab6nu ua 1— I'Ipvlmep aHa/IMTU4YeCKOro npeactaBneHna beHKLU/IVI TemMnepaTtypHoro cmeweHuns
lga, =a(1/7—1UT,) +2.303(23/T, —b) Ig<T1T2)-{bl T—al —TJ—
— depganldT =a(VT—VT{Y +b(L/7—UT7)+SA2
Tr =A(1) =290: SAl =/4(4) =0.069
TL=A(2) =230; SM =/4(5) =0.2
T, =A(3) =360; S*,, =A(6) =0.04
Ca=(VTI-V T zY

cB= UTt—1IT,

Cc= —8nnz
Da={VT,-4T2Y
Da=MT,-UTz
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OkoHuaHue Ta&mupl |

~SAH SA
Dt =DbCa —CO0Da
a =<DHCc — ChDc)!Dt

b ={CADc - D ACcyDt

Ta6nuuya 2— Mpumep aHaNUTAYECKOTO NPeLCTaBNeHUsI KOMI/IEKCHOr0 MOAY /s YNPYrocTy

G =[C.OYIO -. w)a* B, LU [V0) *, («ol-*- +W 0) “r-*»]
G. =8(1) =5.0
Gu=8(2) =320

~=8(3) =410
[L =8(4) =0.66
Pc =8(5) =0.01
p* =8(6) =0.005
0, =8(7) =0.52
«a=8(8) =0.58
a* =8(9) =3

Ecnu gns onpepeneHus 3HadeHuii napameTpoB 3aBUCMMOCTEN UKW NpU UHTepnpeTauun AaHHbIX UC-
Nnosib3yT rpagmyeckme n3o06paxkeHns (Hanpumep, NMMHeapyu3oBaHHON 3aBUCMMOCTY MeXAy AeACTBUTENbHOA
1N MHMMOIA YacTAMM MOAYNA YNpYyrocTu ANs onpefeneHust yrna nepeceyeHuns KpUBoi faHHbIX C OCblo AeiicT-
BUTENIbHOI YacTu MOAYNS), OHU TaKXKe AOJIXKHbI 6bITb BKIOYEHbI B NPEACTAB/IEHNE JaHHbIX.

Mpn MCNONb30BAHMN aHA/IMTUYECKOro NpeACcTaBNeHNUs AaHHbIX ceayeT n3beratb HEHYXXHO aKcTpano-
NALUN.
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MpunoxexHne A
(cnpaBo4HOE)

CoOTHOLWEHNA AN KOMNJIEKCHOTO MOAYNA ynpyrocTtu

OCHOBHOe ypaBHeHMe 415 AeOpPMUPYEMOT0 IMHENHOTO, N30TEPMUYECKOro, M30TPOMHOr0, 0AHOPOAHOrO, TEepMOpe-
onoruyeckn npoctoro (cM. hopmyny (A.7)] BA3KOYynpyroro Matepuana B onepatopHoii popme umeeT Bug [5:

P(psi)T(0 =0(pa) T (A1)
rae T7(0 —  CABUrOBOE HarnpshkeHue;
Y(0 — cpsurosas gecopmaums;
P{Pa) n 0(PS) — nNONWHOMbI OT pL.
Onepatop pRonpegensoT Kak
pR =dfdtR. (A.2)
AnddepeHumnan npusefeHHoro spemermn dtR onpegensioT Kak
dtR =dt/aT[T), (A.3)

roe /— Bpewms, C;
«r (I')— 6e3pa3mepHas QyHKUNS TemnepaTypHOro cmewieHns [2]. 3aBucswasn ot temnepatypbl T. K.
OcyuecTBuB npeo6bpaszoBaHne dypbe ana obenxyacteit popmynsl (A.1). MOXHO ONpesennTb KOMNIEKCHbLIA MOAY b
caBura G 471 U3MEHSAIOLMXCS MO CUHYCOMAaIbHOMY 3aKOHY HanpshkeHus u gedopmauum B Buge
G (/tos)=r*(ymR)/y (J =0 (j &R)/P{j(oR). (A.4)

rae 3Hak * o3HavyaeT npeobpasoBaHune Pypbe HEKOTOPOU (PYHKUMU BpemeHu, Hanpumep T* (/' &R) — npeobpa3oBaHue
dypbe Anar (/).
MpuBegeHHan yrnosas yacrtora
wa =toar (') =2itfR=2n faT(T) (A.5)

npegcTaBnseT co6oii NpousBeAeHVe YrN0BOI YacToThl to. pag/c. n 6e3pa3MepHOii hyHKLUM TeMnepaTypHOro CMeLeHuns
«7(T); fR n/aBnatoTca NnprBefeHHON LMKINYECKON YacTOTON M LMKINYECKON YacToTol. . COOTBETCTBEHHO.
KoMnneKcHbIN MoAyNb CABUra 3aBUCUT KakK OT 4acToTbl, Tak U OT TeMnepaTypbl;
G =G (to, T). (A.6)
B TOM 1 TO/MIbKO B TOM C/ly4aB, KOrja 3Ta 3aBUCMMOCTb UMEET BUA
G =G (yor) =G [/toar (' ). (A7)

mMaTepuan HasblBalT TePMOPEONOrnyeckn npocTeiM. ®opmynsl (A.1) — (A.7) cnpaBeA/iMBbl TONbKO NPU BbIMOAHEHWUM
npeAnonoXeHUs 0 IMHENHOCTU MOAENN.

PaccmMoTpMM Tenepb yyacTok BA3KOYNpyroro Matepuana rnog Bo3feincTenem CABUIOBON gedopmauunn, nsmeHso-
Lweics no cMHycomaanbHOMy 3akoHy [6]:

y=yA sin cat, (A.8)
KoTOpasi oTcTaeT no dase OT CABUIOBOrO HaNPSHKEHWS Ha yron gG :
T=T1g sin (cat+SG) . (A.9)
B KomnnekcHom Bnae 3TN BEJINYUHLI MOTYT 6bITb npeacTaB/ieHbl Kak
r =7a8/°»,1 (A. 10)
=T €e/<' ,+%ei. (A.11)

Toraa KOMNAeKcHbI MOAY b CABUIA MOXKET GbiTh NPeACTaB/eH Takke B BUAe

G =1*/y*=Tpn B,50/yA=Gu e)*a=Gu cos SG (1 +j tan 8G )=GR +jG, =
=G'+/G"=Gr (1*nQ). *12)

rae Gu — abconTHOe 3HauYeHNe KOKUYMNEKCHOro MOAY S CABUTa;
Gr =G '— pelicTBUTENbHAA YaCTb KOMMNIEKCHOrO MOAY NS CABUTa;
G, =G " =Gr iig — MHUMada 4acTb KOMMJIEKCHOrO MOAYNA CABUra;
t)g =tan 6a — Koa(hpmuneHT NoTepb B MaTepunane npu casure.
CkasaHHOe crnpaBejMBO AN OfHO-, ABYX- N TPEXOCHbIX AeopMaLunii n Hanps>keHnin [2] n MoxeT 6bITb pacnpo-
CTpaHeHo 1 Ha Apyrve napameTpsl, Takvue kak Moaynb tOHra E. Moaynb 06bemMHoOl ynpyroctu K, nocTosiHHyto Jlame K v ap.
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K Tepmopeonornyecky NpocTbiM Matepuasam OTHOCAT Te mMaTtepuasnbl, A5 KOTOPbIX KOMMAEKCHbIA MOAYNb ynpy-
rOCTV MOXET ObITb BbIPAXEH B BUAE KOMNIEKCHON (PyHKLMMN O4HO HE3ABUCHUMO NepeMeHHO’, a UMEHHO — NpUBEAEHHOI
4acToTbl, KOTOpasi OTpaXKaeT 3aBUCHMOCTb KOMMIEKCHOTO MOAY/S YNPYrocTh Kak OT 4acToTbl, Tak U OT TemMnepaTypbl.

NMpumeyaHune — NHoraa felicTBUTENbHYIO YaCTb KOMMIEKCHOTO MOAYNS YNPYrocTv N KO3ULUNEHT NOTEPb B
mMaTepuane paccMaTpuBaloT Kak He3aBuCUMble (DYHKLUW NMPUBEAEHHO YacTOThbl. XOTSA 3TO U MOXET 06/1erynTb NoayvyeHme
Y,0BNETBOPUTENbHbIX NPAKTUHECKUX PE3YNbTaTOB, C KOHLENTYaNbHON TOYKM 3peHUs faHHOEe NPEeANoN0oXKeHNe OLLNGOYHO.

OueHKa KOMMNIEKCHOr0 MOAYS YNPyrocTu, NonyyYeHHas Ans 3afaHHoi TemnepaTypbl U 3afjaHHOI YacToTbl, onpe-
nenseT aMnAnTyAHoe v ha30BOE COOTHOLIEHNE MEXAY CUHYCOMAANbHBLIMW HanpsKeHUeM v aedopmaLneil.

MpunoxeHne B
(cnpaBo4HOE)
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