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BeeneHue

JdeMndupoBaHHe — OJHO U3 CpeACTB ociabjicHUd BUOpalMM B KOHCTpYKLMH. lemrnipupoBanue
IIpeACTaBIsieT co0oil paccesstHUe BUHOpPALIMOHHOM 3HEPrMM M NpeBpallicHHE €€ B TEIUIOBYIO SHEPTUIO B
[Ipollecce paCHpoOCTPaHEHUs KoJeOaHHNH. Eciam TexHudyecku 3HaAYMMoOe JeMIIPUpOBAaHUE HMMEET MECTO
BHYTPM MAaTE€pHaJla KOHCTPYKIIMY, TAKOM MaTepuan Has3bIBalOT BubpoaeMmnoupyrommumMm. PaccesHue B
BUOpOASMITPUDYIOLIEM MaTepUalic OOYCIOBIEHO MEXMOJICKYJASAPHBIM B3aUMOJEUCTBUEM WIHM B3aUMOJCH -
CTBUEM Y3JIOB KPUCTAUIMYECCKON pelNIEeTKU U MOXET OBIThL OX4dpaKTEpU30BAHO IICTIECH TUCTEpEe3Hca Mexa-
HUYECKOTro HamnpskeHus (pedopMailiuu) B Matepyuaie. Jlpyrue BO3MOXHBIE IPHUYUHBI AEMITPUPOBAHHA,
TAKHME KaK TUIACTHYECKHUE JedPopMALMK, OTHOCUTEJIBbHBIE IPOCKAJIb3bIBAHUS WM BO3AVLIHBIE 3430phI B
COEOINHEHUSX, AKYCTUYECKOE UIJTYYEHUE KO1e0aTe/IbHOU HEPIruM, paccesaHUe SHEPIdy BCJIEJICTBUE TOKOB
(PDyKo, HACTOSILIMM CTAHAAPTOM HE OXBa4yeHHBI.

MexaHudeckue cBOUCTBa OOJIBIIMHCTBA AEMII(PUPYIOLIUX MATEPHAIOB 3aBHUCIT OT YACTOThI, TEMIIC-
paTypbl, a Npy OOJBIUUX AedOopMaLIUSIX U OT aMIUIMTYAbI JjepopMaliii. [10CKOIBKY HACTOSIIUMHI CTAHAAPT
pacrnpoCTpaHAETCSA TOJBKO Ha JUHEWHBIC CAy4YaW, 3aBUCUMOCTb OT aMIUIMTYAB! AeOopMallUM B HEM HE
pPaccCMaTpUBaETCS.

OCHOBHOM 3aa4eid HACTOSILLErO CTAHAAPTA SIBISICTCS VIYYILIEHUE B3AUMOITOHUMAHMS MEXIY Cliel M-

ATMCTAMM PA3JIMYHBIX OTpAciael TEXHMKH, B KOTOPBIX MCITOJNB3YIOT MOHSATHE BUOpoAEeMIIDUPYIOLLEro
MaTepHaIa.
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FOCYJAAPCTBEHHBIUN CTAHIAPT POCCHUUCKOHN ®OPEITEPAHUMU

MATEPHUAJIbI AEMIIOUPYIOIIINE

I'paduyeckoe npeacranieHUe KOMILIEKCHbIX MOJYJIEH yNIpyrocTH

Damping materials.
Graphical presentation of the complex modulus

Jata seaennsa 2000—07—01

1 O0aactp npumMeHeHHuA

Hacrosimiui crangapt ycTtaHaBIMBaeT GopMy NpeAcTaBlIeHusl B rpadpuyecKoM BUIE KOMILUIEKCHOIO
MOJIYJISL YIIPYTOCTH BA3KOYIIpYyroro BMOpoaeMndupyolero Matepyana, o0Jagallero CBOUCTBAMY OJHO-
POJHOCTH (Ha MAKPOCKOIIMYECKOM YPOBHE), TUHENHOCTH U TEPMOPEOJIOIMYECKOU ITPOCTOTHI (CM. [IPUJIO-

XeHUe A). TAKMMH KOMIUIEKCHbBIMM MOAYJIAMM YIIPYTOCTU MOTYT ObITh, HAIIpUMEP, MOAYJIb C/IBUTra, MOLYJIb
FOHra, Mmouyins 00beMHOM YIIpYTrOCTU WM TIOCTOsIHHas Jlame. I'padpuueckoe npeacraBiieHue 3tux PUsu-

YeCKMX BEJIUUYUH SIBJIsieTCSI OOLIENPUHSTBIM U B OOJIBIIMHCTBE CJ1yYaeB NO3BOJISIET MOJIYYUTh JOCTATOYHYIO
WHGOPMAIIUIO O CBOUCTBAX BUOPOAEMITPUPYIOILIMX MATEPHUAJIOB.

B npuwioxeHud A omnpeneiieHbl NPeAlloYTUTEIbHbIE MapaMeTPbl U CUMBOJIBI, UCIIOJb3yeMble IS
[IpEACTaBACHUS KOMIUIEKCHOIO MOLYASL YIIPYIOCTH.

2 Onpenenenuss 1 0003HAYEHHS

B HacTosIlLieM cTaHAapTe UCIIOJb3YIOT Clenylollue o0o3HaYeHUS:
Mg — KO3DPUIHNEHT TOTEPD;

G — KOMIIJIEKCHBIA MOIYJb YIIPYIOCTU;

Gy — abcoslIoTHOE 3HaYEHUE KOMILUIEKCHOIO MOIYJISA YIIPYTOCTH;
Gp — ACMCTBUTENBHASL YACTh KOMIUIEKCHOIO MOAYIISl YIIPYIOCTH;
G; — MHHMas 4acThb KOMIUIEKCHOI'O MOIYJISI YIIPYTOCTH;

a{T) — dyHKUNS TEMIIEPAaTYpHOr'o CMEILIEHUS;

1" — TeMreparypa;

{ — BpeMs;

[ — nMKIWYecKas 4acTrorTa,

® — YIJIOBAs 4acToTa;

{r — [IPUBEAEHHOE BpEMHI;

J/r — TIpUBENCHHASA IIUKINYCCKAA YaCTOTa,

® p — TIPUBENECHHAS YIJIOBAsi 4aCTOTA.

[TosicHeHMEe TepMUHOB U OOO3HAYEHHMM, UCIIOJB3YEMBIX B HACTOSUIEM CTaHAApTe, HaHO B
NMPUJIOXEHUH A.

3 KoHTpoJIb NaHHBIX

B HacTosiuieM craHaapTe OpPEaIonaracTcsi, YTo BCE I3KCIEPUMEHTAJbHBIC [JaHHbIE, CBA3aHHbBIE C
KOMIUIEKCHBIM MOJYJIEM YIIPYTOCTU, IMOJIYUEHBI B COOTBETCTBUH C XOPOULIO 3apeKOMEHJIOBABIIUMU ceds
METOJAMM (cM., Haripumep, [1]). TeM He MeHee, LesiecooOpasHO OCYLIECTBIATh KOHTPOJIb JOCTOBEPHOCTHU
NaHHbIX. [l1s1 3TOrO Clienyer, 10 KpaHern Mepe, IMOoCTPOUTh rpaduK 3aBUCUMOCTH g 1, ot lg G, (cM. B
KayecTBe NMpUMepa pUCYHOK 1). Eciu gaHHBIE COOTBETCTBYIOT TEPMOPEOJIOTHYECKHM IIPOCTOMY MaTepyuany,

[10JIy4eHbl B OJJHOM MAcCLUTa0e ¥ B HUX He HabJionaeTcest 3HaYUTEIbHOTO pa3dbpoca, Toraa 3T JaHHbIe Ha
rpachuke 3aBUCHUMOCTH JOJIKHBI JIEXKATh HA HEKOTOPOW IUTABHOW KPHUBOI.

HN3nanve opunnaibuoe
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ABCONTHOE 3HaYeHUe KOMIIEKCHOTC MoAynsa ynpyroctu Gy, Mila

Pucyrox 1 — IlpoBepka kayecrBa JaHHBIX

Kaxnaasgs touka Ha 2TOM KPUBOM COOTBETCTBYET OXHOMY 3HAYCHUIO MPUBEIEHHOW 4YaCTOThI |[CM.
dbopmyiy (A.6)]. Onsako caMm rpaduk He MpeaHa3HavyeH s ONpeleeHys JaHHON BeIuuuHbl. Koaddu-
LHIMEHT ITOTEPh B Marepuaje U aOCOMIOTHOE 3HAYEHUE KOMIUIEKCHOIO MOAYJIS YIIPYTOCTH CBSI3aHBI MEXIY
co00i IapaMeTpUYeCKO 3aBUCHMMOCTBIO Yepe3 MPUBEICHHYIO YACTOTY, KOTopast (TaK Xe, KaK U 4acToTa,
U TeMmIieparypa) He NPUCYTCTBYET Ha rpadguke B sBHOM BUIE. HU B Kakoul yactu pasOpoc B TaHHBIX Ha
rpadHKe HE MOXET OBITb OTHECEH Ha cYeT (PYHKUMU TEMIEPaTypHOIro CMEILeHM.

I'paddbuk 3aBUCMMOCTH KO3PPUIIMEHTA MTOTEPL OT KOMIUIEKCHOTO MOV VIIPYTOCTH, IMMOCTPOEHHbIN
B Jiorapu@dpMHUYECKOM MaciuTade, rnoMoraeT BbIABUTH LIEHHYI0O MHPOPMALIUIO O pa3dpoce B 3KCIEPUMEH -
TAJIBHbIX JAHHLIX. DTOT PaA30pOC MOXET ObITh OXAPAKTEPU30BAH IHUPUHOU I10JIOCBI, B KOTOPOU JI€XAT
NaHHBIE, 4 TAKKe BbIOpOCcAMU OTHAENbHbIX TOYEK OTHOCHUTEJBLHO cpeaHed JMHMHM Nnojochkl. Hackoiabsko
NaHHBIA pa3bpoc DOMYCTHMM, 3aBMCUT OT KOHKpETHBIX IpwioxeHuud. Ilo naHHOMY rpaduky, OIHAKO,

HHUYEro HeJb3d Y3HATh O TOYHOCTU M3MEPEHUN TEMTIIEPATYPh]l ¥ YaCTOThI, & TAKXKE O HUIMYUH KAKUX-JIHOO0
CUCTEMATUYECKUX OIIIHUDOK.

4 DYyHKIuA TeMnepaTypHoro cMeleHus

JlaHHbIE O KOMILIEKCHOM MOIYJIE YIIPYTOCTH, €CJIH OHH IIOJYYEHBI BO BCEM BKCIIEPUMEHTAIBHOM

AMarasoHe TEMIIEpATyp ¥ YacTOT, OIIPEAESIIOT QYHKIIAIO TEMITEPATYPHOTIO cMelleHud a (1) (IIpH YCII0BUH,
4yTO 3Ta PYHKIUMS €AUHCTBCHHAS).

Pexomennyercs, YTodbl JUISI BCETO IKCHEPHUMEHTAILHONO AHAIIA30HA TeMIlepaTtyp ObUIM ITOCTPOECHDI
rpapKy TPEX BEJAMYUH, CBI3AHHBIX ¢ QYHKLUHMEN TEMIIEPATYPHOTIO CMELLIEHU A, KOTOPbIE HAnOoJiee IUUPOKO
MCTTIOJIB3YIOTCS B MPAKTUUECKUX NPHIIOXKEHUAX (CM. B KaUeCTBe MPUMEPA PUCYHOK 2):

- caMo¥l GYHKUMM TeMIlepaTypHoro cMeweHust o (7);
- ee yrnosoro ko3dduiiuenra d(lg o,)/dT;

- TIOJIHOWA SHEPIHH aKTUBAUKKU AH, [2].

[TocnenH1010 BEIMYUHY OIIPEACISIOT 110 (POPMYJIE

AH, = 2,303RT*d(lg o;)/dT, (1)
rane K — YHUBEpPCaibHas ra3opast HOCTOSSHHAA!

R = 8,314 Ix-K—!mMonp—!. (2)
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PucyHok 2 — ®OyHkuusa treMriepaTypHOIro cMeLleHU s

5 IlpencraBiieHue JAHHBIX

5.1 I'pacdux npHBeIERHON YACTOTDI
JlaHHble U1 KOMIUIEKCHOTO MOAYJSA YIIPYIOCTH MPEACTABJICHEBI HA PUCYHKE 3. BooJb BepTUKAJIbHOM
OCH OTJIOXKEHBI B JIorapupMHUYECKOM MaciliTabe neicTsutebHass Gy 1 MHUMast G, 4acTU MOAYJSA YIIPYTOCTH,

MIla, n Ge3pasMepHBIi KO3GPULIMEHT NOTEPDL 1. BAOJb ropU3oHTAIBPHONR OCH B JIOrapudMUIECKOM
MaciuTade OTJIOXKEHA NMpUBENCHHAS MUKJIHYECKas yacToTa fp, ',

[IpuBEACHHYIO YaCTOTY fp; IS i-il 9KCIIEPUMEHTAJIBHON TOYKU ONPEAEIAIOT 1o GopmMmyie

Jri =i og (1), (3)

rae f; — 4acrora, COOTBETCTBYIOLIASA I-M 3KCTIEPUMEHTAIBHON TOYKE,
1, — TeMIieparypa, COOTBETCTBYIOLIAA - 3KCIIEPUMEHTAIBHON TOYKE.
5.1.1 TemnepartypHble TMHUU JIXKOyHCA
IIpaBas mkajia B 1orapy(PMuIeCcKoM Maciutabe Ha pUCYHKE 3 COOTBETCTBYET LIMKJIMYECKONH 4YacToTe
f, Tu. HepaBHOMEPHO pacriolOXEHHbBIE OMaroHajJbHble MPAMBIE JIMHUKM TNOCTOSSHHOW TEMIIEpaTyphl,
COOTBeTCTBVIOILME popMyIie (A.D) LI MEPEMEHHbBIX B JOrapu@PMHUUYCCKOM MaclITade

lgfrp=1lgf + 1gar (1), (4)

COBMECTHO C 'OPU3OHTAIBHOW OCBIO NMPUBEACHHOU YaCTOTEI W BEPTUKAJIIBHOM OCHIO YACTOThHI, COCTABIISIOT
HOMOTpaMMYy «TeMIlepaTtypa — 4acroTa — MpUBEIeHHAaa 4actora» |[3].
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PucyHok 3 — I'padhK KOMIUIEKCHOTO MOAYISI YVIIPYFOCTH JUISE TPUBEICHHOMN YacTOThI

Bribupator 3HaueHUA Temiiepatypbl 1, K, oTcrosiiupue Apyr OT Apyra Ha HEKOTOPOoE IMPUHATOE
3HadYeHUe. PaccTositHUST MEXNY NPSIMBbIMHA JUHUSMHU TIOCTOSSHHOM TeMIIEpAaTyphl 3aBUCSAT OT (MYHKUMHU
TEMINIEPATYPHOIO CMEIUEHUsI. YHUCIO MMAroHaIbHbIX JUHUI JOUKHO OBITh TAKUM, YTOOBI ITOKPHIBAThH BECH
AMANA30H 3KCNEPUMEHTATBHBIX TEMIIEPATYP — 3TO 1103B0OJsIE€T U30€XaTh HENPEAYCMOTPEHHOU (M YpeBaTOU
CepbE3HBIMU OLIIMOKAMU) 3KCTPATONSILIMMN.

B npenenax auarnazoHa yacTOT 3KCIIEPHMEHTA JUAroHalbHbI€ HM30TEPMbI IMOKA3aHbl CIUIOLIHBIMU
JTUHUSAMMU, a BHE 3TOr0 JuManasoHa — INYHKTUPHbIMU. BTO OlpeleIaeT AMana3oH U3MeHEeHHUs IPUBEIeHHOU
YacTOThl, KOTOPBIM HU3MEHSAECTCHA OT JIMHUU HUIIIEH TEMIIEparypbl U MakCHMMajlbHOM YacTOThl B IIpaBOU
YACTU WIKAJIBI 1O JUHHUHU BBICHIEH TeMIIEpaTypbl ¥ MUHUMAJIbHOW 4aCTOTHI.

[Tpumep

HMcnonb3ys nJaHHble, MTPeACTABIEHHbIC HA PUCYHKe 3, BBeIEeM 3HavyeHHMe yactoThl 200 I HA npaBoit
BEPTHKAJBHOU I1HIKAJNE U OT TOYKH, cooTBercTByIolEer 200 I'u, nposeneM TOPpU3OHTAIBHYIO JMHUIO IO
MEPEeCEeYeHUsT ¢ NMaroHaJdbHOM IIpsiMoi, cooTBeTcTBylolleir 295 K. Touka nepecedyeHHUd olpepesnsieT
3HaYyeHue npuBeaeHHor yactoTel 600 ', BepTukans Ha 3Toil IpUBeNeHHON YacTOTe [IEPECEKAEeT KPUBLIE
OJAHHBIX B TOYKAaX, COOTBETCTBYIOLLMX 3HayeHusM 115 MIla mna peicrBurenpbHON vactu, 53 MIla ms
MHHUMOM YaCTH U 3HAYCHUIO KO3((PUIIMEHTA TOTEPD, OINpeleIsieMOMY IO JIEBOM BEPTUKANLHOW ILKale,
0,33.

5.1.2 I'paduxk «iepeBepHyroe U»

Te xe naHHple MJII KOMIUIEKCHOTO MONY/SI yIpyroctd G ripelcTaBleHbl Ha pUCYHKE 4, roe JieBas
BEpTHUKaAJIbHAsSE JlorapupMHUYecKas WKaJla COOTBETCTBYET Oe3pasMepHOMY KO3(PDHUILIUEHTY ITOTEPD 1], & 1O
TOPU3OHTAILHOM JIOrapU(PMUYECKON OCH OTNIOXKEHA JSHCTBUTEIbHAS YaCTh KOMIUIEKCHOIO MOIYJIS VIIPY-
roctu Gp, MIla.

PucyHoK ripencrasisieTr co0oil HOMOrpaMMy, OCHOBaHHYIO Ha popMmyite (3) [4].
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PucyHok 4 — I'padbuk «iepepepHyToe U» IS KOMIUIEKCHOIO MOAYJISI YIIPYT'OCTH
IIpumep

BeeneM Ha npaBoil mkane 3HayeHue 200 [ ¥ ot touku, coorBercTByIOierH 200 I'w, nposenem
FOPU3OHTAJIBHYIO JIMHUIO JIO TIEpECeYEHHUs1 ¢ KPUBOM, COOTBETCTBYIOLIEH 295 K; OT TOYKM mepecedeHus
[IpocjieyeM BHU3 U [IpOoYUTAEM Ha ropu3oHTaibHOM ocu 120 MIla, nmocie 4yero npoaoLKuM BepTUKAIb

BBEpX IO IIepecedYeHUsA ¢ KpuBOM HNaHHBIX. llpoBedst ropu3oHTanb OT TOYKHU IepeceyeHMUss OO0 JieBO
BepTUKAJIbHOMW LUKAJIBI, ITOJAYYUM 3HAaYeHHe KoadgduuueHTa notepb 0,53.

5.2 ARaauTHyecKoe npeacraslieHHe AaHHbIX

B pane 3apav onpeneneHHbe yroOcTBa obecrneyuBaeT ammpoKCUMAUUS MOAYYEeHHBIX JAHHBIX [UIS

GYHKIUY TEMITEPATYPHOTO CMEILEHHUS U KOMILUIEKCHOTO MOIYJ/ISI YIIPYTOCTA HEKOTOPhIMU AHATUTUYECKUMHU

KpuBbiMH. l[loaToMy, nmoMuMo rpaduyeckoro, peKOMEHIYETCS TAKXKe aHAIUTUYECKOE IIpEliCcTaBleHUE
MAHHBIX (HAIpUMEDP B BUIe TaOuL | u 2).

Tadonuua 1 — IlpuMep aHATUTHYECKOTrO NPEACTARICHUS (PYHKLUMH TEMIIEpAaTypHOIO CMELIEHUA
lg oy = a(l/T—1/T,) + 2,3032a/T, —b) 1g(T/T))—(b/ T, —a/T/—S, ) (T—T, —
— d(lg ap/dT = a(1/T—1/Ty)* + b(1/T—1/T,) + S,

T,= A(l) = 290; §,, = A(4) = 0,069
T, = A(2) = 230; §,;, = A(5) = 0,2
T, = A(3) = 360; S,, = A(6) = 0,04
Co= /T —1/Tp*

C,=1/T,—1/T,

Co= 84—z
D,= /Ty —1/Tp*

Dy=1/Ty —1/T,




rocTtr p 1CO 10112--99

Oxonyanue mabauust 1

De= S5 —38,7
Dg= DpC, —CpD,
a=(D,C. —CyD)/D;
b=(CDc—D,Cc)/Dg

Jra—

Tadbnuua 2 -— IlpuMep aHAUITMTUUECKOTO NPEACTABICHUS KOMIUIEKCHOTO MOAVAS YIIPYTOCTHU

G = [GEWMIO'_ﬂRfRo)BH T GEWR/fRo) Pr ]/[1-+WR/104“FfRo)“HBT + (lfR/fRa) Br=Pe ]

G, = B(1) = 5,0
G, = B(2) = 320
fro = B(3) = 410 |
B.= B(4) = 0,66

B = B(5) = 0,01
B, = B(6) = 0,005

ap= B(7) = 0,52
oy = B(8) = 0,58
oy = B(9) =3

Eciu mis ornpeneneHus 3HAYEHUM rnmapaMeTpoB 3aBUCUMOCTEH WIM [IPpU MHTEPINIPETALUU JAaHHBIX
UCTIONB3VIOT rpadHUYecKUEe U300paKeHUSd (HAlpUMEp JIUMHEapU30BAHHOU 3aBUCUMOCTU MEXIY NeHCcTBU-
T€JIbHOM U MHUMOM YacTAMH MOIYJISA VIIPYTOCTH IUIA OTIPEACIICHUS yIJiia IepeceyeHus KPHUBOW JIIAHHLIX C
OChIO JEHCTBUTEJIbHOMN YacTU MOIYJISI), OHU TAKXKE JOJUKHBI ObITH BKITIOYEHBI B IIPEACTaBJICHUE JaHHDIX.

[Ipy ucroib30BaHMM AaHATIUTUYECKOTO MPEACTABICHUS JAHHBIX cllefyeT u30eraTh HEHYXHON 3KCTpa-
[TOJISILIA Y.



FoCt P UCO 1011299

[TPHJIOXKEHUE A
(cnpaBoOYHOE)

CoOoTHOLICHHSA /ISl KOMIUVIEKCHOTO MOJY.JIA YIIPYTOCTH

OCHOBHOe ypaBHeHME st AcHOPMUPYEMOIO JUHEWHOTO, HU30TEPMUYECKOIo, W3OTPOIIHOTO, OJHOPOIOHOTO,
TEPMOPEOJOTHYECKH NpOCTOro [cM. popmyiy (A.7)] BA3IKOyNIpyroro Marecpyasna B oriepaTopHoi dopMe uMeeT BUI [J]:

Apg) 1(t) = Apg) ¥(1), (A.1)
rae t{f) — CABUIOBOE HAIPSIKEHUE;
v(#) — caBurosas aedopmaiius,
Plpp) 1 J(pp) — TOIUHOMBL OT pp.
Orneparop pg ONPEnEnsIioT Kak
pr = d/dtp. (A.2)
HuddepeHUHAT TPUBECAEHHOIO BPEMEHM dfp ONPEACIISTIOT KAK
digp = dt/ar (1), (A.3)

rie ! — BpeMd, C;
a7 (7T ) — OespasMepHad GYHKUMA TEMIIEPATYPHOI'O cMellleHud [2], 3aBucsLast ot Temiieparypsl 1, K.

OcyuiecTBuB npeodpazoBanue MOyppe pisi obenx yacreid Gopmynsl (A.1), MOXHO OonpedenuTh KOMITICKCHBIH
MOAY/Db caBura G miss U3MEHSIOIUXCS O CUMHYCOMAAIbHOMY 3aKOHY HanpsixkeHUs1 1 achopMaliuy B BUIE

G(jog=1"(Jop/v" (jop =0 (jog/P(jop), (A.4)

rae 3HaK * o3HayaeT npeodpasoBanue Pypbe HEKOTOPON QYHKIUU BpeMeHH, HanipuMep 1* (j o g) — npeobpa3oBaHue
Dypbe 131 1 (7).
IlpuBeneHHas yriopas 4acrora

(DR=(1)(IT(T)=2?TfR= 21'[fC£T(T) (AS)

npencTasiser coboi Npon3BeIcHUE YIIIOBOM YacTOThl w, pali/c, ¥ 0e3pasMepHON PYHKIIMM TEMIIEPATYPHOTO CMeELe-

HUA o T); fr U f ABIAOTCA NPUBEACHHON LMKINYECKON YacTOTON Y IIMKINYECKOH 4acTOoTOH, |11, COOTBETCTBEHHO.
KoMnnekcHbI MOAYNb CABHATA 3aBUCUT KaK OT YacTOThI, TAaK U OT TeMIIEpaTyphl:

G=G (o, T) (A.0)
B TOM M TOJIbKO B TOM CJiyyae, KOIJa 3Td 3aBUCUMOCTb MMEET BUJL
G=G{owg =GCljoar(T)], (A.7)

MaTepUuasl Ha3bIBalOT TepMopeossornyecku rpoctoiM. Popmyisl (A.1) — (A.7) cripaBeUTUBBI TOJLKO IIPH BHITIOTHEHUH
TIPEAITIONOXKEHUA O JIUHEHHOCTH MOJIENH.

PaccMoTpyM Tenmepb y4acTOK BSI3KOYIIPYroro Marepuvaiia 1oji BO3IeiCTBUEM CABUIOBON dedopMaliii, N3MEHS -
IolIeica 110 CUHYCOUJIaTbHOMY 3aKOHY [6]:

Y=Y, SIn of, (A.8)
KOTOpast OTCTAET 110 ¢aze OT CABUTOBOIO HAIPSKEHHSI HA YIoa O
T=14 SIN (O +3s) . (A.9)
B KOMIUIEKCHOM BHAE 3TH BEJIMYMHEBI MOTYT OBITH ITPEACTABICHD! KaK
Y=y, ejot (A.10)
=1, e/(@1+55) (A.11)

Toraa xoMmeKCHbIN MOIYJb CABUra MOXET OBITh NPEACTaRICH TAKKE B BUIE

GZT*/Y*ZTA E’jaG/'YA= GM€j56= GM COS SG (1 +j tan BG)= GR+jGI=

. A.12
=G'+jG" = Gr(l +ng), ( )
rae Gy, — abcoMoTHOE 3HAYEHHE KOMIUTIEKCHOTO MORYJIS CIBUIa,
Gp = (' — IeUCTBUTENbHAS YAaCTh KOMIUIEKCHOTO MOIYJISI CIBMIA,;
G;= G" = Gpng— MHHAMaA 4acTb KOMIUIEKCHOTO MOAYNA CABUIA,
Ne = tan 8 ; — KoapPUUMEHT NoTeEPh B MaTepuasie Ipy CABMIE.

Cka3zaHHoe crpaBeUTUBO WIS OJHO-, ABYX- M TPEXOCHBLIX AedopMalMili M HarpsKeHuyl [2] M MoXeT ObITb
pacIipocTpaHeHdo M Ha ApyrHe rapaMeTpbl, Takue Kaxk Moayns fOHra £, Moaynb oObeMHOM yIIpyroctd K, MOCTOSIHHYIO
Jlame A W ap.
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K TepMopeoioTHYECKH MPOCTBIM MarepHajaM OTHOCAT Te MarepHanbl, UId KOTOPBIX KOMIUIEKCHBIN MOAY/Ib
VITPYTOCTH MOXET OBITH BhIPAXEH B BUAC KOMIUICKCHOW QYHKUHWU OHHOW HE3aBUCUMOM MEPEMEHHON, 4 UMEHHO —
NpUMBEACHHON YacTOThI, KOTOpas OTpaxXaeT 3aBHCUMOCTh KOMIUICKCHOTO MOAYJIS YIIPYTOCTH KakK OT YacTOThl, TaK U OT
TeMIlepaTyphl.

[IpuMmMeuvaHnue — HMHoraa 1eCTBUTENBHYIO YACTh KOMIUIEKCHOTO MOAYIISI YIIPYTOCTH U KO3QMPHUILINEHT NOTEPL
B MarTepyasic paccMaTpyBalOT KaK He3aBUCHMBbIE DYHKLUIMHU TIPUBEACHHOM 4YaCTOTbI. XOTH 3TO U MOXET OOJCTYHMTH
MONAy4YeHHE YIOBJICTBOPUTENLHLIX MPAKTHYECKMX PE3YyNbTATOB, ¢ KOHUENTYAILHOM TOYKM 3peHHUA JAHHOE TIPEArIoio-
KeHue oLIMO0YHO.

OueHKa KOMIUIEKCHOTO MOMIYAS VIIPYIrocTH, IojJydeHHas Ui 3aJaHHOM TeMIlepaTypbl M 3aJaHHOW 4acToThl,
onpeneysseT aMIVIMTYIHOE ¥ ($a30BOE COOTHOLICHHUE MEXAY CUHYCOWAAJIbHBIMM HanpsXeHUeM U acdopMalineii.
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