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Mpeaucnosue

Lienu, OCHOBHbIE NMPUHLIMMbI 1 OCHOBHOM NOPSALOK NPOBeAeHust paboT NO MEXrocyaapcTBEeHHO cTaHaap-
Tusaunm yctadosneubl FOCT 1.0—92 «MexrocygapcreeHHas cuctema ctangaptusauvmn. OCHOBHbIE NOMoXe-
Husi» u FOCT 1.2—97 «MexrocygapcTBeHHas cuctema craHgaprusaumn. CTaHgapTbl MeXrocyaapCTBEHHbIE,
npaBuna 1M pekoMeHAauun MNo MEXrocyaapCTBEeHHOW cTaHpapTtusauun. lMopsinok paspabotku, npuHaTua,
NpUMeHeH!s, OGHOBIEHUSE N OTMEHbI»

CBeneHust o cTaHpapTe

1 NOArOTOBJIEH OTKPLITEIM aKLMOHEPHBIM O6LLIECTBOM «Hay4HO-UCCreaoBaTeNbCKUM LIEHTP KOHTPO-
NS U AWarHOCTUKN TEXHUYECKNX CMUCTEM» Ha OCHOBE COOGCTBEHHOIO ayTeHTMHHOTO nepesoAa CTaHaapTa,
yKa3aHHOro B NyHKTe 4

2 BHECEH lNoccraHgapTom Poccun

3 MPUHAT MexrocyaapCTBeHHbIM COBETOM MO CTaHAapTM3aLMK, METPONorn n ceptudumkaumm (npo-
Tokon Ne 22 ot 6 Hosbps 2002 r.)

3a nNpuHATAE NPOronocoBarni:

KpaTKOS HanmMeHoBaHue CTpaHb! KOﬂ CTpaHb! CoxpameHHoe HanMeHoBaHue HaunoHanNbHOro opraHa
no MK (UCO 3166) 004—97 no MK (MCO 3166) 004—97 no cTaHgapTU3aummn

Asepbanmxan AZ AsroccrangapT

Apmenus AM ApmroccTtaHgapt

Benapycb BY loccranpapt Pecnybnuku benapych

KaszaxcTaH Kz loccradpapT Pecnybnukm Kaszaxcran

KbiprbiactaH KG Kbiprbiactanpapt

MongoBa MD Mongosa-CtaHpgapT

Poccwiickas ®egepauus RU loccTanpapt Poccuu

TamKnkncTan TJ TapxnkcTangapT

TypkmeHncTaH ™ 'maeroccnyx6a « TypKkMeHcTaHaapTnapbi»

YkpanHa UA loccTaHaapT Ykpautbl

4 Hactoswuii ctaHgapT MOEeHTUYEH MexayHapogHomy ctangapty MCO 10112:1991 «Matepuansl
aevndupyowme. Mpaduyeckoe npeactasreHne KOMMNEKCHbIX mogynen ynpyroctu» (ISO 10112:1991
«Damping materials — Graphical presentation of the complex modulus»).

CreneHs cooTBeTCTBNA — MaeHT4YHasA (IDT).

HacToswwi ctangapT naeHtndeH FOCT P UCO 10112—99

5 lMpukasom PegeparnsHOro areHTCTBa Mo TEXHUHECKOMY peryriupoBaHuio U METpPoniorun ot 24 anpens
2007 r. Ne 84-ct mexrocynapcteeHHblt ctaHgaapt FOCT UCO 10112—2002 BBeaeH B geiicTeune B KayecTse
HauuoHansHoro ctaHgapta Poccuiickon ®eagepauun ¢ 1 Hosbps 2007 r.

6 BBEJEH BMNEPBbIE

Ungpopmayus o esederuu e delicmeue (npexpaweHuu Gelicmeusi) HacCMosWe20 cmaHdapma nybnuxy-
emcs 8 ykasamerne «HauyuoHarnbHbie cmaHlapmesiy.

Unghopmayus 06 usmeHeHUsIX K HacmosweMy cmaxdapmy rybnukyemcs 8 ykazamene «HayuoHansHsle
cmaHdapmsi», @ MEKCM U3MeHeHUll — 8 UHEOPMaUUOHHbIX yKazamersix «HauuoHanbHbie cmaHdapmbi». B
cnydae nepecmMompa uiiu OMmMeHbl Hacmoswezo cmaHlapma coomeemcmasyowas uHgpopmayus bydem
onybnukoeaHa 8 uHOPMaUUOHHOM yKa3amene «HauyuoHansHble cmaHGapmel»

© CrangaptuHdopm, 2007

B Poccuiickon ®egepauum HaCTOALWMNA CTaHA4APT HE MOXET ObITb MONMHOCTLIO UM YAaCTUYHO BOCNIPOU3-
BE[IeH, TUPaXMPOBAH U PacrpoOCTPaHeH B Ka4ecTse ouumaneHoro usganus 6es paspewenus ®egepanbHoro
areHTCTBa NO TEXHUYECKOMY PEryriMpoBaHuUio 1 METPONOrMn
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BeepneHue

HemndumposaHne — ogHo U3 cpeacTs ocnabneHus snbpauum B kOHCTPYKUMA. [lemnduposarHue npea-
craenseT cobon paccesiHne BUOPALMOHHONM 3HEPry 1 NpeBpalleHne ee B TeNNMOBYIO SHEPruio B rpouecce
pacnpocTpaHeHus kone6aHuit. Ecrin TexHudecku 3Hauumoe gemMndnpoBaHne UMeeT MecTo BHyTPU maTtepuarna
KOHCTPYKUUKW, TAKOW maTepuan HasbiBaloT Bubpogemndupyowmm. PaccesHue B Bubpogemndupyioliem ma-
Tepuane o6yCnoBneHO MEXMONEKYNSAPHBIM B3auMOASACTBUEM 1IN B3aNMOAENCTBMEM Y3IOB KpucTanmiec-
KOW peLleTKn U MoxeT ObiTb OXapakTepn3oBaHo MeTrieit rucrepesnca MexaHU4eckoro HanpshkeHns (aedop-
mauun) B MaTepmane. [pyriue Bo3MOxHble NpudrHbl AeMNUPOBaHUS, Takve Kak nnactnyeckune gedopmaiimm,
OTHOCHTENbHBIE NPOCKAL3bIBAHNS MM BO3AYLLUHbIE 3a30Pbl B COEANHEHUAX, aKyCTUMECKOE U3ITyYeHne Kore-
BaTencHOR 3Heprun, paccesiHie SHepry BCrneacTBrne TOKOB PyKo, HACTOALLMM CTAHAAPTOM HE OXBAYeHbI.

MexaHu4yeckne CBOMCTBa OOMbLLUNHCTBA AEMMMUPYIOLLIMX MaTepnanoB 3aBUCAT OT YacTOThl, TeMnepa-
Typbl, @ npu Gonblwnx dedopmaumax 1 o1 amnnuTyabl Aedopmauun. OCKoNbKy HacToAWMIA CTaHaapT
pacrnpocTpaHAeTCs TOMbKO Ha NMHERHbIe Crnydaun, 3aBUCMMOCTb OT amnnnTyapl Aedopmauum B HEM He
paccMmaTtpuBaeTcsi.

OcHOBHOM 3aza4eit HAaCTOALLEro CTaHaapTa ABMAETCA yryylWeHne B3anmMonoHUMMaHna mexay cneuna-
NCTaMK pasfnn4HbIX OTPAcre TEXHUKK, B KOTOPLIX MCnonb3yeTcs NoHsTue Bubpogemndupytowero marte-
puana.
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M EXT T OCYQDAUPGCTUBETUHTHUbB # C TAHAOAPT

MATEPUANDbI AEMNOUPYIOLLUE
Mpacpnueckoe npeacTaBreHne KOMNIEKCHbIX MOAyrieil ynpyrocTu

Damping materials.
Graphical presentation of the complex moduli

Oata BBegeHusn — 2007—11—01

1 O6nacTtb npuMeHeHUs

Hacroswwmin ctaHgapT yctaHaenveaeT OpMy MpeacTaBneHns B rpathnyeckoM BuOE KOMMIIEKCHOrO
MoZyrs YNpyrocTy BA3KOynpyroro BubpoaemndupyoLlero matepuana, oGrnagaioLLero CBONCTBaMM OAHOPOA-
HOCTU (HA MaKPOCKOMUYECKOM YPOBHE), NIMHENHOCTY U TEPMOPEONOrMYECKoli NMPOCTOThI (CM. NpUIiokeHne A).
TakuMu KOMNINEKCHBIMU MOAYSIMU YNIPYFOCTA MOTYT BbITb, HAaNprUMep, Mogyrb caBura, Moayrbs FOHra, moayns
0BbemHo ynpyroctu unu noctosiHHaa Jlame. [padudeckoe npeacTasrnieHne 3TUX OUNYECKUX BENNYMH
ABNSAETCH OOLLENPUHATEIM U B BGOMBLUMHCTBE Cry4YaeB MO3BONAET MOMyvuTb AOCTATOYHYIO MHpOpMaUuio O
cBoWcTBax BubpoaemnupyoLLmMx MaTeprarnos.

B npunoxeHun A onpegeneHbl NpeanovTUTernsHbIe NapaMeTpsbl U CUMBOIBI, UCNOMb3yeMble AT npesa-
CTaBMEHUs1 KOMIMEKCHOTO MOZYMs YINPYrocTu.

2 Onpepenexusi n 0603Ha4YeHUs

B HacToAwWeM cTangapTe UCMonb3yT creayowme 0603HaqeHus:

N — KO3 DULNEHT NoTeps;

G — KOMMMEKCHBIN MOAYIb YPYrocTH;

G,, — abCconoTHOE 3HaYEHNe KOMIIIEKCHOTO MOAYIs YrpyrocTu;

G — AeCTBUTENbHAS YaCTb KOMMNEKCHOrO MOAYINS YrpyrocTy;

G, — MH/Mas YacCTb KOMMIIEKCHOrO MOAYMS YNpYyrocTH;

o(T) — OYHKLMA TemnepaTypHOro CMeLLeHus;

T — Temnepartypa;

t — Bpewms;

f — umknmM4yeckast 4acToTa;

@ — YrrnoBas 4acToTa;

tx — npuBeaeHHoe Bpems,

fr — NpMBEAEHHas LMKNNYECKasi 4acToTa;

W — npusedeHHasa yrnosasa vyacroTta.

MosicHeHne TepMUHOB U 0O603HAYEHN, NCMONb3YEMbIX B HAaCTOSILLEM CTaHAapTe, AaHo B NPUNo-
XeHnn A.

3 KoHTponb AaHHbIX

B HacTosiLeM cTaHgapTe npeanoniaraeTcs, YTO BCe SKCNepumeHTarnbHble AaHHbIe, CBA3aHHbIE C KOM-
MIEKCHbIM MOAYIIEM YIPYrOCTH, NOMyYeHbl B COOTBETCTBMM C XOPOLLIO 3apekOMeHa0BaBLLIMMK ceba meTogamm
(cm., Hanpumep, [1]). Tem He meHee, LenecoobpasHO OCYLLECTBATL KOHTPOMb AOCTOBEPHOCTH AaHHbIX. Ans
3TOro CrieflyeT, Mo KpanHen Mepe, NoCTPONUTL rpaduk saBmucmuMocTy Ig g ot Ig G, (CM. B kKadecTse npumepa
pucyHok 1). ECcnn AaHHble COOTBETCTBYIOT TEPMOPEONOrMYECKN MPOCTOMY Matepuarny, nonyYeHsl B O4HOM
mMacwTabe 1 B HAX He HabniogaeTcs sHavnTensHoro pasbpoca, Toraa 3Tu AaHHbLIE HA rpaduvke 3aBUCUMOCTY
OOIMKHbI NEXaTb HA HEKOTOPOW NIMAaBHON KPUBOW.

NapaHue ocuumanbHoe



rocT UCo 10112—2002

E %W**m‘***&*
] sk *45*
] X ¢
* -
i k. -
i $* *
[&]
e ¥ *
% . *
e * *
= 1 *
o 5 *';
§ ] * * %
T *
g
-2
10 T 1 T LI ||| T T 1 LI ||| 1 1 T rrrri
1 10 10° 10°

ABconioTHOe 3HaYeHWe KOMMMEKCHOTo Moayns ynpyroctn Gy, Ma

PucyHok 1 — lMpoBepka ka4ecTBa AaHHbIX

Kaxxaas Touka Ha 9TOW KPUMBOI COOTBETCTBYET OOHOMY 3HAYEHWIO MPUBEAEHHOR YacToThl [CM. hopmysny
(A.6)]. OgHako cam rpadvk He NpegHasHaveH ans onpegeneHvs gaHHoOW BenuyunHbl. KoadduumeHT noteps B
maTepuane 1 abCcomoTHOe 3HaYeHNe KOMIMINEKCHOTO MOAYIst YNIPYrocTv CBA3aHbl Mexay coboi napameTpu-
YECKOWN 3aBUCUMOCTbLIO vyepes npmeBegeHHyo HacTtoTy, KoTopas (TaK Ke, Kak U 4acTtoTa, U TemnepaTypa) He
MPUCYTCTBYET Ha rpacduke B SBHOM Buae. Hu B Kakoit 4acT pasbpoc B AaHHbIX HA rpaduke He MoxeT 6bITb
OTHECEH Ha CYeT (DYHKL MM TEMMNEPATYPHOrO CMELLLEHNST.

Mpadhuk 3aBNCUMOCTM KoadbbULMEHTa NOTEPb OT KOMMNEKCHOTO MOAYIISt YNPYrocTh, MOCTPOEHHbIN B
norapubmudeckoMm macwtabe, NOMoraeT BbisiBUTb LEHHYHO MHopMaunio 0 pasbpoce B aKCnepuMeHTanbHbIX
OaHHbIX. 3TOT pa3bpoc MoxeT GbITb OXapakTepu3oBaH LWWUPUHOW NONOCHI, B KOTOPOW NexXar AaHHbIe, a Takke
BbIBpoCcamu OTAENbHLIX TOYEK OTHOCUTENbHO CpeaHein NMMHUK nonockl. HackonbKo AaHHbIA pa3bpoc AonycTum,
3aBUCUT OT KOHKPETHbIX I’IpMJ‘IO)KGHMﬁ. Mo OaHHOMY rpachKy, O4HaKo, HUYero Hemnb3s y3Hatb O TOYHOCTU
N3MepeHWii TemnepaTtypbl U YacToTbl, @ TakKe O HANUYUKN KaKUX-Nn6Go cncTeMaTnyeckmx oLnGoK.

4 QPYyHKUMA TeMnepaTypHOro cMmelleHns

[aHHble 0 KOMNIIEKCHOM MOAYIe YNpyrocT, €CAN OHW NOMyYeHbl BO BCEM SKCNEPUMEHTASTbHOM Anana-
30HEe TemnepaTtyp 1 4acToT, ONPEAEnsioT hyHKUMIO TeMNepaTypHOro cMmewlerns o (T) (Npu ycnosun, 4To aTa
byHKUNSA eanHCTBEHHASR).

PekomeHngyeTcs, u4ToObl AN BCEro 3KCMEpPUMEHTaNbHOro guanasoHa TemnepaTtyp 6binM MOCTPOeHsl
rpachukn Tpex BeNMYnH, CBA3aHHbIX C (PYHKLUMER TeMNepaTypHOro CMeLLeHnst, KoTopble Hanbonee WNPoKo
NCNONb3YITCA B NPAKTUYECKNX NPUITOXKEHUAX (CM. B Ka4eCTBe NpuMepa pUCyHoK 2):

- camon GyHKUUK TeMnepaTypHOro cMmetlenust o (7);

- ee yrnosoro koadduunenTa d(ig a)/dT,

- MONHoW aHeprum aktusauun AH , [2].

MocnegHioto BenuurHy onpegdenstoT no gopmyne

AH, = 2,303RT2d(lg o, )/dT, 1)
roe R— yHUBepcanboHas ra3oBas NoOCTOAHHAA!

R = 8,314 kK=" monb—". 2
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PucyHok 2 — ®PyHKUUSt TeMNepaTypPHOrO CMEeLLeHnst

5 lMpeacrasneHne gaHHbIX

5.1 Ipachuk npuBegeHHON YacTOThbI

[aHHbIe ANA KOMMIIEKCHOTO MoAyris YNPYrocTy NpeacTaBneHbl Ha pucyHke 3. Baons sepTukanbHoi ocu
OTNIOXeEHbI B florapudmnyeckom Macilutabe geicteutensHas G v MHMMas G, 4acTu mogyns ynpyroctu, Mlla,
1 GeapaamepHbl KO3thULIMEHT NoTeps 1. BAoNb ropusoHTansHON ocn B norapudmuueckom macwrate
OTNIOXEHa NpPUBEAEHHan LMKnyeckas yactoTa fg, L.

MpuBeaEHHYI0 YacToTy fy, ANst i~ SKCNEPUMEHTAITBHOM TOUKM OnpeaensioT no gopmyre

fri = o (T)), 3)

roe f;— vacTtoTa, COOTBETCTBYIOLLASA i~ 3KCMEPUMEHTaNbHOM TOYKE;
T,— Temnepatypa, COOTBETCTBYIOLLAS i~/ SKCMEPUMEHTASTBHON TOUKE.
5.1.1 TemnepatypHbie nuHUM [xoyHca
Mpagas wWkana B norapudmmnyeckoMm Macilutabe Ha pucyHke 3 COOTBETCTBYET LMKIIMYECKOA 4vacToTe f,
'u. HepaBHOMEPHO pacnonoXeHHbIe ANaroHanbHbIe NPSAMbIE NIMHUK NOCTOAHHOW TeMnepaTypbl, COOTBETCT-
BytoLme dpopmyne (A.5) Anst nepeMeHHbIX B forapudmuyeckom maciutabe

lgfe=1gf+igar(T) 4)

COBMECTHO C FOpPM30OHTarIbHON OCLI0 MPUBELEHHON YacTOThl U BEPTMKANLHOW OCLIO 4aCTOThbl, COCTABMAT
HOMOrpaMmMmy «TemrnepaTypa — 4actota — rnpuBefeHHas yactota» [3].
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Temnepatypa, K
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PucyHok 3 — Mpachvk KOMINMEKCHOTO MOZYNS YNPYrocTy ANs NPUBEAEHHON YacTOThbl

BeibupatoT 3HaueHust Temnepatyphbl T, K, oTCTOsILLME OpYr OT Apyra Ha HEKOTOPOe MPUHATOE 3HaYeHue.
PaccTosiHusi Mexay NpsMbIMA NIMHUSAMU MOCTOSIHHOM TemnepaTypbl 3aBUCAT OT (PYHKUMM TemnepaTtypHOro
cmeLleHus. Yicno guaroHansHbIX IMHANA JOIPKHO ObiTh TakuM, 4ToObl NOKpEIBATL BECh ANaNa3oH 3KCrepuMeH-
TanbHbIX TeMepaTyp, — 3TO NO3BOssieT n3bexaTb HenpeayCMOTPEHHON (M YpeBaToON Cepbe3HbIMN OWwnbKa-
MU) SKCTpanonauun.

B npepenax agnanasoHa 4acToT IKCNepMMEHTa AnaroHarbHbIe N30TepMbl NOKasaHb! CrOLWHLIMA NUHNA-
MU, a BHE 3TOr0 AnanasoHa — NyHKTUPHBIMU. DTO onpegernsieT AuanasoH N3MeHeHUs NpuBeASHHON YacToThl,
KOTOPBI N3MEHSIETCS OT NIMHUM HU3LLENA TeMnepaTypbl M MaKCMMaribHON YacTOTkl B NPABOW YacTy LWKansl A0
TNIWHWM BbICLLEN TemnepaTypbl ¥ MMHUMAITLHOW YacToThI.

Mpumep

Wcnonb3ys AanHble, npeacTaBrieHHble Ha pucyHke 3, BBegemM 3HaveHnme yactorbl 200 U Ha npason
BEPTMKanNbHONM LLKare n oT Touku, cooTeeTcTByowen 200 'y, NpoBeaeM ropusoHTanbHYO NTIMHUI0 40 nNepece-
YeHus ¢ guaroHansHOM NpsiMon, cootBeTcTBYlOWEen 295 K. Touka nepeceyeHus onpegensieT 3HadyeHune rnpu-
BedeHHo YacToTbl 600 'y, BepTukans Ha 3TON NpMBeAEHHON YacToTe NepecekaeT KpuBbIe AaHHbIX B TOYKaX,
COOTBETCTBYIOLLMX 3HaUYeHuAM 115 MIMa ans gercrButensHon yactu, 53 MlMa Anst MHAMOI YacTn 1 3HaYEHNIO
KoadhpuLumeHTa NOTeps, onpeaensemMomMy no Nesoi BepTukanbHon wkane, 0,53.

5.1.2 INpacduk «nepesepHyToe U»

Te xe gaHHbIe ANs KOMMMEKCHOro Mogynst ynpyroctu G npeacTtasneHbl Ha pucyHke 4, roe nesast
BepTUKanbHasa norapuMmyeckan wkana cooTeetcTeyeT bespasmepHomy koadULMEHTY NOTEPL 1M, a No
rOPU30OHTaNLHON NOrapugMUUEcKon ocu OTIOXEHa AeNCTBUTENbHASA YaCTb KOMITITEKCHOTO MOAYIS yNpyrocTtu
Gg, MMMa.

PucyHok npeactaensieT coboit Homorpammy, OCHOBaHHY0 Ha dopmyne (3) [4]

4
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PucyHok 4 — MNpadumk «nepesepHyToe U» AN KOMINEKCHOrO MOAYNSA YNPYrocTu
Mpumep

Beenem Ha npaeoit wkane 3HaveHue 200 My u ot Touku, cooTBeTcTRytoweln 200 My, npoBeaem ropusoH-
TanbHY NWHUIO 00 NepecevyeHns ¢ KpUBOK, cooTeeTcTByowen 295 K; oT Touku nepeceveHnst npocrenyem
BHW3 W MPOYMTaEM Ha ropmnsoHTanbHon ocn 120 MlMa, nocne 4ero NpoaoMKUM BepTUKans BBEpX 40 nepece-
YeHWst C KpMBOW AaHHbIX. [1poBeAs ropnm3oHTanb OT TOUKM NepeceveHust 4O JeBOW BepTUKarbHOW LKarbl,
nony4um 3Haverne koadduunerTa noteps 0,53.

5.2 AHanuTtnyeckoe npencTaBrneHue AaHHbIX

B page sapay onpegeneHHble yaobctea obecnevnBaeT anmnpoKCUMaumst NOMyveHHbIX AaHHbIX ANA
(YHKLMU TEMNepaTypHOro CMELLEHNST U KOMMMEKCHOr0 MOAYNS YNPYroCTY HEKOTOPbIMU aHanuTU4ecKuMm
KpnBbIMU. [T03TOMY, MOMUMO rpacbniecKoro, pekoMeHayeTCA Takke aHanMTM4eckoe npeacraBrieHne AaHHbIX
(Hanpumep, B BUAe Tabnuy 1 1 2).

Ta6bnuua 1— lNpumep aHaNUTUHECKOro NpeacTaBneHuns pyHKLNM TemnepaTypHOro CMeLLeHIs
Ig o= a(1/T—1/T,) + 2,303(2a/T, —b) Ig(T/T,)—(b/ T ,—al T 2—S , , (T—T,) —
— d(lg o )dT = a(lUT—1T,2 + b(1T—1/T,) + S,

T,=A(1) =290; S,, = A(4) = 0,069
T, =A(2)=230; S,, =A(5)=0,2
Ty = A(3) = 360; S, = A(6) = 0,04
C, = (UT—1T,P
Cg=1T—1IT,

Ce = Sp—Suz
D,= (1T, —1T,)?

Dy = 1T, —IT,
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Oxonuanue mabauys 1

De=S,,—S,;
De=DyCy —CyD,
a=(DgCc—CyD.)D,
b=(C,D;—D,C_)D,

Ta6nunua 2— lpumep aHANNTUHECKOTO NIPEACTABIIEHNS KOMMNEKCHOTO MOAYNS YNPYrocTy
G = [G,(jfa/107% fao)a + G(ifilfag) Br Y1+ (il 1075 fo0)%Br + (jflfrg) PrPa]

G,=B(1)=5,0

G, =B(2)=320

fro = B(3) = 410

Br=B(4)=0,66

Bg = B(5) = 0,01

Bg = B(6) = 0,005

o = B(7) = 0,52

og = B(8)=0,58

o, =B9)=3

Ecnun ans onpegeneHnss 3Ha4YeHWA napameTpoB 3aBUCUMOCTER UMK NPU MHTepnpeTauMn OaHHbIX UC-
nonb3yoT rpadnyeckme naobpaxkeHus (Hanpumep, NMMHeapn3oBaHHOW 3aBUCUMOCT MeXay AeACTBUTENBHON
¥ MHUMO# YacTsMWU MOZYNN YNPYrocTy A ONpeaeneHuns yrmna nepecevyeHnst KpMBoi AaHHbIX C OCblo AENCT-
BUTENbHOM YacTu MOAYIA), OHW TaKe AOMKHbI ObITh BKIOYEHBI B NpeacTaBneHne gaHHbIX.

Mpy MCNONbL30BaHWK aHaNMUTUYECKOro MPeACcTaBNeHUa AaHHbIX cnegyeTt nsberate HEHY)KHOW aKCTpano-

nsaumn.
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MpunoxeHune A
(cnpaBouHoe)

COOTHOLEHUA ANA KOMMJIEKCHOro MOAYNA yNpyroctTu

OcHoBHOe ypaBHeHue Ans AedopMmpyeMoro NUHERHOTo, N30TEePMUIECKOr0, U30TPOIHOTO, OAHOPOAHOTO, TEpMOpe-
onorvuyecku npoctoro [cm. opmyny (A.7)] Baskoynpyroro matepuana B onepaTtopHoi hopme umeeT eug, [5]:

Plpg) ut) = Qlpg) 1), (A1)
roe ©(f) — cABUroBoe HanpsKeHue;
¥(t)— casurosas gedopmaums;
P(pgr) v Q(pg) — NONWUHOMBI OT Pg.
Oneparop pr onpeaensioT Kak
pgr = dldig. (A.2)
AwnbdbepeHunan npueeeHHOro BpeMenn dig onpeaensioT Kak
dig = dtlo.r (T), (A.3)

roe t — Bpewms, C;
o (T ) — BespasmepHas (DyHKLMSI TEMNepaTypHOTO cmelleHns [2], 3aBucsian ot Temnepatypbl T, K.
OcyulecTsus npeobpasosanve Pypoue Ansa obeunx yacten popmynbi (A.1), MOXHO onpeAenUTL KOMNNEKCHBIA MOAY Nb
casura G anst U3MEeHsOLLMXCS MO CUHYCONansHOMY 3aKOHY HanpsikeHust v aecbopmaunm B BUae

G(jogy=1"(jor/Y (j(’)R)=Q(j(DR)/P(j(°R), (A4)
rae 3Hak * osnadaeT npeobpasosarne Oypbe HEKOTOPON (HYHKLMW BpeMeHW, Hanpumep t* ( j og) — npeobpasosaHue
dypoe ans t (f).

MpvBeaeHHas yrnoeas YyacTtoTa

og=wor(T)=2nfg=2xn for (T) (A.5)
npefcTasnseT coGoi NPou3BeAeHNe YrNoBOM YacToTbl ®, pag/c, n 6e3pasmepHon yHKUNM TeMnepaTypHOrO CMeLeHns

ar(T); fr ¥ fABNATCA NPMBEAEHHOW LIMKMNYECKON YacTOTON ¥ LIMKMNYECKON YacToToi, My, COOTBETCTBEHHO.
KomnnekcHbili mofynb CABUra 3aBUCUT Kak OT 4acTOTbl, TaK M OT TeMnepaTypbl:

G=G (o, T). (A.6)
B Tom # Tonbko B TOM cny4ae, Korga 3ta 3aBMCUMMOCTb UMEET BU
G=G(jog) =Gl oor(T), (A7)

mMaTtepuan HasbliBaloT Tepmopeonormiyeckm npoctbim. ®opmynsl (A.1) — (A.7) cnpaBeanvBbl TONMbKO NMPU BbINONMHEHUN
NpeanonoXeHna 0 MMHENHOCTN MOSEenu.

PaccMoTpuM Tenepb y4acToK BA3KOYNPYroro maTepuana nog BO34eNCTBUEM CABUIOBOM AedopmaLinn, 3MeHsIo-
Levica No crHyconaanbHoOMy 3akoHy [6]:

Y=7v4 Sin of, (A.8)
KOTOpas OTCTaeT no (pase OT CABUrOBOro HaNpshkeHNa Ha yron 3g :
T=1,4 Sin (0f+3g). (A.9)
B kOMMNekcHoM Buae 3Tv BENUUMHBI MOTYT BbiTh npeacTaBneHb! kak
v =y, €0t (A.10)
=1, e/@tdg) (A.11)

Torga KOMIEKCHBLIA MOAYMb CABUrAa MOXET BbiTh NPeACTABNEH TaKKE B BUAE

GzT*/'Y*ZTA ej8G/'YA=GMejéG:GM COSSG (1 +j tanSG):GR-FjG,:
=G,+jG ”:GR (1 +jT]G), (A12)

roe Gy, — abconioTHOE 3Ha4YeHVe KOMNINEKCHOTO MOZYNSA CABUTa;
Gg = G’ — OencTBUTENbHAs 4acTb KOMMIIEKCHOTO MOZYNA CABUIa;
G, = G " = Ggr Mg — MHNMAas 4acCTb KOMIMIIEKCHOTO MOy si CABMra;
Mg = tan 8g — KoadpUUMeHT NOTeps B MaTepuane npy casure.
CkasaHHoe cnpaBefnueo ANA OfHO-, ABYX- U TPEXOCHBIX AeopMaLmii u HanpskeHuii [2] n MoxeT 6biTb pacnpo-
CTpaHeHo v Ha Apyrve napaMeTpsbl, Takue kak mogyne FOHra £, mogynb o6bemHoi ynipyrocty K, noctosiHHylo Name A v gp.

7
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K Tepmopeonoriyeciy nNpocTbiM MaTtepuanam OTHOCST Te MaTepuanbl, A5t KOTOPbIX KOMIANEKCHbIA MOAYNb YNpy-
rOCTW MOXET ObiTb BbIPAXEH B BME KOMIEKCHON PYHKLMA OJHON HE3aBMCHUMON NEPEMEHHON, @8 UMEHHO — NPUBEAEHHON
4YacToThl, KOTOPast OTPaXaeT 3aBUCUMOCTb KOMMNIIEKCHOTO MOAYNS YNIPYTOCTH KakK OT YacTOThl, Tak U OT TemMnepaTypbl.

MpumeyaHne —VHoraa AEACTBUTENBHYIO YaCTb KOMIMEKCHOTO MOAYNs YNPYroCcTH M Ko3dduuMeHT noteps B
mMaTtepuarne pacCMaTpvBalOT KaK HE3aBUCUMDbIE by HKUMW MPUBEAEHHOMN YacTOTbl. XOTS 3TO M MOXET o6nerynTh nonydeHne
YAOBNETBOPUTENbHbIX MPAKTUHECKUX PE3YNbTaToB, C KOHLENTYarnbHON TOYKM 3peHust AaHHOe NPeanonoXeHne oWnboYHo.

OueHKa KOMIIEKCHOTO MOAYIst YNPYToCcTy, MonyveHHas Ans 3a4aHHON TeMrnepaTypbl ¥ 3a4aHHON YacToThbl, onpe-
AensaeT aMnnuTyaHoe 1 (ha3oBoE COOTHOLLIEHNE MEXAY CMHYCOMAANbHbIMW HanpskeHneM U aechopmaumei.

Mpunoxexnune B
(cnpaBouHoe)
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